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Abstract 

Aeoli an dust flu x and its tempora l vari at ion have been studied intensive ly because of the 

poss ible importance of aeo li an dust on the marine geochemical cyc les and it s utilit y as a 

paleoc limati c indicator. In order to reconstruct past variations in the Kosa flu x to the Japan 

Sea, and establish the direc t linkage between the terrestri al and marine c limati c records. the 

author invented a new procedure for Q-mode fac tor analysis which is applied to chemica l and 

mineral compositions of the late Quaternary hemipelag ic sediments in the Japan Sea. With thi s 

procedure, it is possible to di stingui sh and quantify detrital subcomponents with in the detrital 

component. Four detrita l subcomponents were ex tracted, which are attributed to fine and 

coarse subcomponents of Kosa and arc-deri ved detritus, respecti ve ly, based on the compari son 

with the compos ition of probable source material s. Using these detrital subcomponents, Kosa 

fracti on, Kosa grain size index (KG I), and arc-deri ved detritus grain size index (AGI ) are 

defined and the ir vari ati ons as we ll as the variation in mass accumulati on rate (MARs) of Kosa 

and arc-derived detritus during the last 200 ky are reconstructed. The results reveal millennial 

scale as we ll as glacial- interglac ial scale vari ati ons in Kosa fraction, KG I, and AGI. Close 

examinati on o f their interre lationshi ps suggests that the millennial-scale vari ati on in Kosa 

fraction is explained by the changes in coarse arc-deri ved detritus flu x. The examinat ion of 

Kosa MAR also suggests the importance of the variation in the extent o f Kosa source area in 

controlling the Kosa flux . 
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1. Introduction 

Kosa is the aeoli an dust observed in the Japanese islands and derived from the inland 

arid area in central Asia [hvasaka era/., 1983] . It is suggested that higher frequency of dust 

storm in the arid area of central Asia results in higher flux of aeolian dust to the northwest 

Pacific [Gao era/., 1992], wh ich is transported by the prevailing westerlies . Consequently, 

temporal and spatial distribution of aeol ian dust flux to the sediments in north Pacific is 

thought to be contro lled by the location and extent of ariel source area as well as the strength 

and pattern of the wind system [Leinen era/., 1986]. 

Recent high resolution analysis of GRIP and GISP2 ice cores from central Greenland 

suggests that the climate in high latitude northern hemisphere during the last glacial period was 

osci llated drastically in millennial-scale which is known as Dansgaard-Oeschger Cycles 

[Dansgaard era/., 1993, Taylor er al., 1993]. Especially, Taylor er al. [ 1993] pointed out that 

the atmospheric dust concentration over Greenland changed in millennial-scale. Recently , 

Porter and An [ 1995] showed that quartz grain size within the loess sequence at the Loess 

Plateau of China varied in millennial-scale, and suggested the possibility of millennial-scale 

variation in atmospheric circulation in the northern hemisphere. On the other hand, Tada era/. 

[1995] reported the possible signal of the Dansgaarcl-Oeschger Cycles from the hemipelagic 

sediments of the Japan Sea. In order to directly compare such millennial-scale variation in 

terrestrial records with that of marine records, high resolution reconstruction of aeolian 

contribution to the marine sediments is necessary. 

Aeolian dust flux and its temporal variation have been stud ied intensively during the 

last two decades because of the possible importance of aeolian dust on the marine 

biogeochemical cycles [Duce era/., 1991] and its utility as a paleoclimatic indicator of the 

aridity of continenta l interiors as well as the strength of prevailing winds [Rea era/ ., 1985]. 

During 1980's, it was believed that the detrital component of the pelagic sediments in the North 

Pacific is mostly composed of aeolian dust derived from the central Asia(~ Kosa) , and the 



mass accumulation rate and median grain diameter of the detrital component have been widel y 

used as a measure of aeolian flu x and wind intensi ty, respecti ve ly [e.g . Rea and Leinen, 1988. 

Hovan eta! .. 199 1] . However, based on the rare earth elements and isotope studies of the 

North Pacific sed iments, it has been pointed out recentl y that even such pe lag ic sedi ments 

contain signi fica nt amount of detrita l subcomponent deri ved from island arcs of the northwest 

Pacific [Olivarez et a/., 199 1, Nakai et a/., 1993, Weber II et a!., 1996]. T hus, in order to 

estimate Kosa fl ux from the sedimentary record, it is necessary to di stingui sh subcomponent s 

within the detrital component , spec ify the ir ori gin , and estimate the ir contents. 

Provenance studies of fine-gra ined sili cic lasti c sediments have a long hi story . The 

vari ati on in the assembl age of heavy minerals [Krumbein and Pettijohn , 1938] and clay 

minerals [Cham ley, 1989] has been w idely used to di stingui sh the sources of detrita l 

subcomponents. Rare earth elements are also used recentl y [Taylor and M cClennon, 1985, 

Olivarez et a!. , 1991 , Nakai et at., 1993, Weber II et at. , 1996]. Although these methods have 

been successful in characteri zing the detr ital sources, they are not necessaril y adequate fo r 

quantitati ve estimati on of the subcomponents within the detrital component because these 

methods are based on the e lements or minerals which constitu te onl y a sma ll fraction of the 

total detrital component. Thus, more adequate method to extract the compos ition and 

contribution of subcomponents within the detrital component of the sediment samples is 

required. Stati stica l analyses such as normati ve partitioning, linear programming, Q-mode 

factor ana lys is [Leinen, 1987], and tota l inversion method [Kyte et al., 1993] has been applied 

to major and minor e lements compos ition in order to estimate contribution and I or 

compos it ion of the subcomponents within the detrital component. However, since normati ve 

part itioning and linear programming requires number and composition of the subcomponent s 

fo r the analys is beforehand , these methods are not adequate when compos ition of the 

subcomponents is not known or compos ition of the subcomponents varied with time . Tota l 

inversion method allows changes in the compos ition of subcompone nts, but thi s method 

assumes random vari ati on in compos ition. Because it is not certain whether past vari ati on in 
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compos ition of subcomponents were random or not. total inversion method may not be 

adequate for our purpose. Q-mocle fac tor ana lysis do not require any a priori knowledge on 

compos ition of subcomponents although the meaning of extracted subcomponent s need to be 

confirmed by other means. 

In thi s study , the author deve loped a new procedure to estimate the composition and 

content of subcomponents within the detrital component by Q-mocle factor analysis of selected 

major elements followed by multi -regress ion anal ysis between mineral compos ition and 

contents of subcomponents calculated by Q-mode factor analysis, and the author applied it to 

chemical and mineral composition data obtained for the Japan Sea sediments. Based on the 

result, the author extracted subcomponents attributable to Kosa, and reconstructed tempora l 

variation in Kosa fraction and its mass accumulation rate during the last 200 ky. 

3 



2. Geological Setting of the Studied Site 

The Japan Sea is a semi-enclosed marginal sea located in the back arc side of the 

Japan Island Arc and has total area of approximately I ,000,000 km2 It is located only 2500 km 

downwind from the Taklimakan-Gobi Deserts where Kosa is derived from (Figure I). The sea 

is connected to the other seas through the Mamiya (I 5 m water depth), Soya (55 m) , Tsugaru 

(130m), and Tsushima (130m) Straits. The Tsushima Warm Current flows into the sea 

through the Tsushima Strait, flows along the eastern margin of the Japan Sea, and its major 

part flows out through the Tsugaru Strait. The Japan Sea is composed of the Japan Basin 

(3000 to 3500 m water depth) to the northwest and the Yamato Basin (2500 to 3000 m) to the 

southeast which are divided by the Yamato Rise (1000 m). The studied site, Ocean Drilling 

Program (ODP) Site 797 (36.62 °N, 134.54 °E, 2874 m water depth) is located on the northern 

rim of the Yamato Basin. It is approximately 500 km to the northeast of the Tsushima Strait, 

approximately 500 km to the east from the Asian continent, and approximately 250 km to the 

west from the Japan Arc, respectively (Figure I). 

Because the Japan Sea and Japanese islands are facing to the east margin of the Asian 

continent and they are the only place where dust haze due to Kosa is clearly observed [Goudie, 

1983], significant contribution of Kosa to the Japan Sea sediments is expected. Detrital 

material could also have been transported to the sea through the riverine inputs from the Japan 

Arc and I or the Japan Sea side of the Asian continent. The drainage area of the Japan Sea 

side of the Japan Arc including Sakhalin is approximately 146,000 km2
• Saito and lkehara 

[1992] estimated the present average sediment yield from the Japanese islands as 

approximately 700 tlkm2/yr. Consequently, sediment discharge to the Japan Sea from the 

Japan Arc is estimated as approximately I 09 tlyr. On the other hand, the drainage area of the 

continental side is approximately 205,000 km2 and the sediment yield is estimated as I 0 to 50 

tlkm2/yr [Milliman and Meade, 1983]. Consequently, the sediment discharge to the sea from 

the Asian continent is estimated as 0.2 to I x I rf tlyr. In addition, the distance from Site 797 to 

the Japan Arc is approximately a half the distance from the Asian continent and the Yamato 

4 



Rise would block most of the detrital flux from the continental side to the studied site. From 

these reasons, the author cons iders that the riverine detrital flux from the continental side is 

negligible compared to that from the Arc side at ODP Site 797. The suspended matter 

discharged from the Huanghe Ri ver and transported by Tsushima Warm C urrent can be 

another det rital source to the Japan Sea [Oba et a/., 1991]. However, Saito and Yang [ 1994], 

who estimated tota l sed iment discharge of present Huanghe Ri ver as I 09 t!yr, showed that more 

than 99% of the sed iment discharge is deposited within the shelf and Jess than I% is exported 

out of the shelf. Furthermore, present sed iment discharge of the Huanghe River could have 

been enhanced by nearly I 0 times due to human agri cultural activities during the last 2000 

years [Milliman eta/., 1987]. Thus, sed iment supplied from the Huanghe River through the 

Tsushima Strait should be less than I 07 t!yr at present and probably less than I (f t!yr before 

2000 years ago. Moreover, the distribution of clay mineral s in the surface sed iments of the 

Japan Sea is not controll ed by the surface cuJTents [Yin et al., 1987]. From these reasons, the 

author considers that the detrital flu x from the Huanghe River through the Tsushima Strait 

have been a lso negligib le compared to riverine detrital flux from the Japan Arc. 

The present Kosa flux to Japan is estimated as 1.4 to 4.3 g/cm2/ky ( 1.4 to 4.3 x I 07 t!yr 

for the whole Japan Sea area) [Su zuki and Tsunogai, 1987] which is more than thirty times 

larger than the flux to the central North Pacific (0.00 13 to 0.045 g/cm2/ky, [Suzuki and 

Tsunogai, 1987]). Whereas it is comparable to the average mass accumulation rate of 4.1 

g/cm2/ky during Quaternary at Site 797 [Shipboard Scien tific Party, 1990] . Thus, a signifi cant 

contribution of Kosa to the sed iments is expected, although the detrital flu x from the Japan Arc 

may not be negligible [Tada eta/., 1992] . 
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3. Studied Core and Materials 

Con ti nuous late Quaternary sed imentary sequence was recovered at Si te 797 (Figure 

2). The sed iments are composed of clay and sill y clay which are occasiona ll y biosi li ceous and 

1 or biocalcareous, and thin volcanic ash layers are occasiona ll y intercalated. They show 

centimeter to decimeter-sca le allernationt of the dark and li ght layers whic h are corre latable 

within the Japan Sea [Tada et a/., 1992). The dark layers are mostly laminated whereas the 

li ght layers are homogeneous to bioturbated and the boundary between the dark and li ght 

layers are generally sharp [Tada eta/., 1996]. The sequence is considered as conti nuous 

wit hout any interruption by turbidite laye rs [Shipboard Scientific Party , 1990, Tenia et a/., 

1992]. 

Apparent core recovery exceeds I 00% as a result of the expansion of sed iments and 

drilling disturbance in the sediments is minimal [Tada eta/., 1992]. Core expansion was 

estimated as I 05 % for Core 7978-1 H and I 04% for Core 797B-2H , respectively [Tada et a/., 

1996]. Tada eta/. [ 1996] also recognized a 35 em of core gap between Cores 797- 1 H and 2 H 

which was recovered in Core 797 A-1 H. In thi s study, top of Core 7978-1 H was set as 0 cmbsf 

and sample depths were cotTected fo r core expansion and core gaps [Tada eta/., 1996]. 

Depths of samples supplemented from Core 797 A- 1 H were a lso corrected to the correspond ing 

depths of Cores 7978-1 Hand 2 H based on the corre lation of dark and ligh t bands between 

Cores 797 A and 7978 (Figu re 2). 

Approx imately 230 samples obtained from the uppermost part of the sequence are 

used in thi s study. These samples cover approximately the last 200 ky. The samples are 

composed of two sets wi th different sampl ing elates and ways of storage. First set (50 samples, 

noted LR and LRA in Tables) was sampled on board with the average sampling interva l of 30 

em and frozen immediately for shipment. Second set ( 174 samples, noted HR in Tables) was 

sampled by Associate Professor Ryuji Tada with the average sampling interval of 

approx imate ly 7 em one and a ha lf year after the cruise at the Gulf Coast Core Repos itory of 
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ODP where cores were stored at 15 •c. One and a ha lf year of the storage caused color 

alteration of the sediment surface clue to oxidation, but ori ginal sed iment co lor was preserved a 

few mm below the cut surface. 
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ODP Site 797 

mbsf Hole A Hole B 

em core gap 

Silty clay 

c::::::J , Light layer 

- Draklayer 

- FalntlyOrak layer 

c::::::Jv Tephra 

Figure 2 Columnar section of ODP Site 797 Hole A and B. 
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4. Sediment Age Model 

In order to calculate linear sedimentation rate, age model at Site 797 for the last 200 

ky is cited from Tada era/ . [ 1996] who adopted following 13 datums (Figure 3). Depth 

(cmbsf) and calendar age (ka) for each sample is li sted in Table I. 

Judging from the on board observation. the top 15 to 20 em of Core 7978-1 H seemed 

to be originally vacant and filled afterwards with fluidized sediments flowed from top severa l 

em of the sed iment. However, the core caught the mud line because brownish oxidized layer of 

approx imately 30 em thick is preserved at the core top, which is comparable to the reported 

thickness of the oxidized layer of the Japan Sea sediments which ranges from 0 to 60 em 

[Masu zawa, 1983]. Thus the horizon 18±2 em below the apparent core top is set as 0 ka. 

Ages of the uppermost dark layer (called TL-1) and the top and near bottom of the 

second dark layer (called TL-2) are estimated as 9.88±0.17 ka, 14.93±0 .22 ka, and 21.0 1±0.27 

ka. respectively, based on AMS 14C dating of planktonic foraminifer monospecies (Giob igerina 

umbilicara) at the core KH79-3, L-3 from Oki Ridge [Oba era/., 1995]. TL- 1 and TL-2 are 

also recogni zed at Site 797 and these AMS' 4C ages are adopted as those of corresponding 

horizon. 

Marker tephra layer Aira-Tanzawa (AT) is identified at 224 cmbsf [Shirai , 

unpublished data]. The age of AT was estimated as 24.33±0.23 ka based on AMS"C dating of 

planktonic foraminifer monospecies (Neog/oboquadorina dutertrei) just above and below thi s 

tephra at the core KH89-18 , P-4 from off Shikoku [Murayama eta/., 1993]. 

Tad a era/. [ 1992] pointed out that the variation curve of the logarithm of diatom 

abundance (number I g) at Site 797 resembles ··standard" oxygen isotope curve and there is no 

phase lag between them . Thus 7 datums are adopted based on tuning of the logarithmic diatom 

(especially warm water species) abundance curve to the oxygen isotope curve of Martinson et 

a!. [ 1987] (Figure 3). Adopted datums are oxygen is tope stages 5.0 (73.91 ka), 5.2 (90.95 ka), 

5.4 (I I 0.79 ka), 6 .0 ( 129.84 ka) , 6.3 ( 142.28 ka), 6.5 ( 175.05 ka) , and 7.0 ( 189.61 ka) whose 

10 



ages are also based on Maninson e1 a/. [ 1987] . 

Age model is constructed using above 13 datums assuming the constant linear 

sedimentation rate between datums. In thi s study, datums estimated using AMS'4C dating 

were corrected to ca lendar age based on the figure I of Bard eta/. [ 1993] in order to prevent 

mass accumulation rate s from the underestimation due to the underes timati on of linear 

sedimentation rates. 

11 
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5. Analytical Methods 

The samples were dried at 50 °C in an oven immediately after arrival at our laboratory 

to prevent further a lteration. Approximately 5 g of dried samples were washed and centrifuged 

twice with 50 cc of deionized fi ltered water to remove sea salt. The residues were dried again 

at 50 °C for more than 48 hours. Dried samples were ground in an agate mortar and stored in 

capped glass tubes. These sample treatment and followed analytical procedures are shown in 

flow chart (Figure 4). 

Smear s lides were made for all samples and observation of grain composition was 

made under petrographic microscope. The largest detrital grain diameter was also measured. 

5·1. Major Elements Composition 

Composition of I 0 major elements (Si02, Ti02, Al20 3 , Fe,03, MnO, MgO, CaO, Na,O, 

K,O, and P20 5) were determined for 223 samples by X-ray fluorescence (XRF) analysis using 

a Rigaku 3270 spectrometer equipped with Rh tube at the Ocean Research Institute, the 

University of Tokyo. The measurement was carried out on a fused glass bead at the 

acceleration voltage of 50 kV and the current of 50 rnA. To prepare fused glass beads, desa lted 

and powdered samples were dried at I I 0 °C for more than 4 hours and then ignited at I 000 °C 

for 6 hours to remove volati les . Loss on ignition (LOI) was calcu lated from the weight loss 

caused by ignition. Approximately 0.4 g of an ignited sample was mixed with approximately 4 

g of Li2Bp7 flux with the exact ratio of 1.000: I 0.00 and fused at 1150 °C for 7 minutes in 

platinum crucible to make a glass bead. Fused glass beads were made within 8 hours after 

ignition so as to avoid weight changes due to absorption of H,O and C02• Calibration curve 

was constructed using 40 standard samples provided from the Geological Survey of Japan , the 

United States Geological Survey and the National Bureau of Standards. Details of calibration 

procedures are described in Appendix I. The reproducibility (95% rel iab ility) of measurement 

in relat ive scale is ±0.6% for Si02, ±0.8% for Ti02, ±0.7% for Al20 3, ±0.7% for Fe20 3, ± 1.4% 
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for MnO. ± 1.0% fo r MgO. ±0.8% for CaO. ±1 .6% for ap. ±0.7% for K, O. and ± 1.2% for 

P
2
0 5• respect ively. 

5-2. 13iogenic Silica Content 

Biogen ic sil ica content (b ioSi02) was determined fo r all samples by alka li extraction 

method after Mort lock and Froelich [ 1989]. The extracted si lica was determined by 

molybdate-blue method of Fanning and Pilson [1 973]. The time required for complete 

biogenic sili ca dissolution was estimated as 6 hours for 40 se lected samples based on the 

method of DeMaster [ 198 1] . Even after complete d isso lution of biogenic sil ica, concentrati on 

of ex tracted sili ca increases linearl y as a functi on of time because of d isso lution from solu ble 

detrit al si licate minerals and vo lcan ic glass [DeMaster, 198 1]. Detailed procedures for 

determi nation of detrital sil ica dessolut ion rate and molybdate-blue method are described in 

Appendix II . The d issolution rate of silica from detri tal sili cate mi nerals and volcan ic glass 

ranges from 0 . 1 to 0.4 wt%SiO,fhr with the average of 0.2 ± 0.1 wt%Si0 2/hr for the selected 

samples. Based on thi s result, the author adopted 7 hours for the duration of alka li extract ion. 

Seven hou rs of alka li ex tracti on will cause 1.4 ± 0.7 wt%Si02 d issolu tion of sili ca fro m detrital 

silicates. To correc t thi s effect, the author subtract 1.4 wt%Si02 fro m the total amount of the 

extrac ted sili ca to ca lcul ate the biogenic sili ca content. The error o f biogenic sili ca estimation 

due to the uncertainty in contri but ion from detrital s ili cate di ssolution is ±0.7 wt%Si02• S ince 

the reproduc ibil ity of measurement is ±0.2 wt%S i0 2, to tal error of biogenic sili ca estimation is 

±I wt%Si02• 

S-3. Organic and Carbonate Carbon Content 

Evaluati on of the ca lc ium carbonate content is necessary to ca lcul ate the CaO 

contri bution from the carbonate minera ls. Organic carbon content (~Org-C) is a lso necessary 
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10 chracterize subcomponents within sediments. In thi s study. organic and carbonate carbon 

contents(~ Carb-C) for 224 samples are cited from Tad a e1 a/. [ 1996] . Carbonte carbon 

contents are calculated from total carbon minus organic carbon which are measured using 

LECO WR- 12 carbon determinator based on the procedure described in Tad a el at . [ 1992]. In 

order to measure total carbon content, 0.1 g of powdered sample was oxidized at 1500 °C for 

55 s and the evo lved C02 gas was measured . For Org-C determination , 0.1 g of powdered 

sample was treated with I 0% HCI for one day, then dried at 60 °C in a permeable crucible. 

Carb-C content was ca lculated by the total carbon content minus the Org-C. Analytical 

precision is ±0.02 wt%. 

S-4. Mineral Composition 

Quantitative analysis of mineral composition was conducted for all the samples by a 

MAC Science MXP-3 X-ray diffractometer (XRD) equipped with CuKa tube and 

monochrometer. Measurements were conducted at tube voltage of 40 kV and tube current of 

20 rnA with variable sl it system which automatically control 25 mm beam width on the 

sample. Scanning speed is 4 °29 /min and data sampl ing step is 0.02 °29. A powdered sample 

was mounted on a glass holder and X-rayed from 2 to 40 °29. Before reading out the position 

and height of each reflection , two steps of data process ing were applied. As a first step , 

original data were smoothed by 5 points averag ing which is equ ivalent to a window width of 

0.1 °29. This process minimize the en·or caused by noise. As a second step, a background 

including amorphous hump was est imated by the background evaluation program which uses a 

wider smoothing window with 30 points (equ ivalent to 6 °29) between 2 and 40 °29. Because 

the peak width of smectite is approx imately 6 °29, a smoothing window of I 00 points 

(equi valent to 20 °9) was used between 2 and I 0 °29. The background profil e which is 

calcul ated using 30 points smoothing window is subtracted from the 5 po ints smoothed 

intensities to obtain the net peak intens ities of crystalline mineral s other than smect ite. The 

16 



background profi le which is ca lculated using I 00 points smoothi ng window is subtracted in 

case of smectite. 

Iden ti fication of minerals are based on the following di agnostic peaks; 7.2 o for 

smectite, 8.8 o for illite, I 0.4 o for amphibo les , 11.5 o for gypsum , 12. 1 o for chlorite+ 

kao linite, 26.6 o fo r quartz, 27.8 o for fe ldspars, 29.3 o for calcite , 30.1 o for rhodochros ite, and 

32.9 ° for pyrite. The 7 A and 14 A peaks are considered as mainly contri buted by chlorite 

because the peak rati os between 4.8 A, 7 A and 14 A, which are di agnosti c o f chlorite are 

nearly constant. The intensity of di agnosti c peak (I) for each mineral was used to est imate the 

content of each mineral. Because 26.6 ° peak of illite overl aps the main peak of quartz, the 

quart z peak height at 26.6 ° was corrected for illite based on peak intensity o f illite at 8.8 °. 

The peak intensiti es of the minera ls (I ) were transformed to the ir content s (wt%) using linear 

ca librati on equations for each mineral which were determined from meaurements o f mi xtures 

of pure re ference minerals in vari ous rati os. Deta iled ca libration methods are described in 

Appendi x Ill. The reproduc ibility of measurement are within ±20% for smectite, ±30% for 

illite, ±30% for chlorite + kaolinite, ±60% for amphi boles. ±7% for quartz, ± 15% for fe ldspars 

±20% for ca lc ite, and ±20% for pyrite, respecti ve ly. 

The content of detrital amorphous material is estimated from the area of amorphous 

hump (A,
00

) between 16 and 32.5 ° based on the follow ing procedure . In order to eva luate the 

aeri al contribution of detrital amorphous materi a ls (A."), the background area was corrected 

for biogenic opal of wh ich content was detcrrnined by alkali ex tract ion method as we ll as for 

the background of crystalline mineral s as fo llows; 

A = A _ 1.1 X bioSi02 (wt%) X A<>t._111001 

do< <o< I 00 I(-1 I , X Ai( IOO) J 
i i( IOO) 

( I ) 

where I, and A, are peak intensity and background area of minera l i in the samp le, respective ly, 

whereas 1,"001• A,"001 • and A
0

P.,111001 are peak intensity and background areas of pure re ference 
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mineral i and opal, respectively. The water content of biogenic opal is assumed as I 0% 

[Mortlock and Froelich , 1989]. The content of detrital amorphous material is estimated by 

dividing Ad" by Ad"1,001 . Background area of pure andesitic volcanic glass from Pliocene 

section in the northeast Japan was used for a calibration standard for transfonnation of Ad" to 

weight% because the detrital amorphous material in the samples are dominantly composed of 

altered volcanic glass as wi ll be described later. The reproducibility of estimation in relative 

sca le is within ± 10%. 

5-S. Grain Size Separation 

Grain size separation was conducted for I 0 selected samples to evaluate the chemical 

and mineral compositions of s ilt ( 4- 63 J.Lm) and clay ( <4 J.Lm) size fractions of the sediments . 

First, a fraction larger than 63 J.Lm was removed by wet sieving. Then a fraction less than 63 

~was separated into silt and clay fractions by pipette method [Krumbein and Pellijohn, 

1938]. Each fraction was we ighed after dried , and sand I silt I clay ratio was calculated . The 

major elements , biogenic sili ca contents, and mineral composit ions of si lt and clay fractions 

were measured by XRF, alkal i extraction method , and XRD, respectively. Because sand 

fraction was too smal l in amount (less than I I wt% ), the major elements, biogenic silica 

contents, and mineral compositions of sand fraction were not analyzed. 
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6. Estimation of Dry Bulk Density 

Dry bulk density (DBD) was estimated from GRAPE data which was measured 

on board with 2 em interval [Shipboard Sciemijic Parry, I 990]. GRAPE density is an index of 

wet bulk density of sediment , whereas DBD is a function of wet bulk density and grain density 

of sediment. In case of late Quaternary sediments at Site 797. GRAPE density shows a linear 

relationship w ith DBD (Figure 5) because grain density of sediments arc more or Jess s im ilar 

between 2.44 and 2.88 g/cm' . Based on this relation, the au thor derived the following 

regression equation to calculate DBD from the GRAPE density data, 

DBD(g/cm ' )= I .5 x GRAPE density- I .6 (r ~ 0.9 I). (2) 

The estimation error is ±0. I 6 g/cm' . The GRAPE density data for top I 00 em of core 7978- I H 

show abnormall y low values . This is probably because top part of the core is disturbed and 

Ouidized during core hand ling on the deck. Onboard observation of core disturbance also 

support this idea. Although the author calcu lated DBDs from the above equation for the top 

100 em of the core, the estimated DBD for this part of the core could invo lve a large etTor. 
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1. Estimation of Detritus Content 

The aut hor estimated content of the detrital component(~ Detritus%) within the 

samples from LOI , bioSi02, and Carb-C, based on the following equati on, 

. 0 . . 56 Detntus% = I 00 - L 1- b10S102 - - x Carb- C. 
12 

(3) 

Organic matter, water in biogenic opal, and the CO, in carbonate are included in LOI. In 

equation (3), tota l carbonate is subtracted as calcite whose content is calculated from Carb-C. 

However, calcite fraction within Site 797 samples consist not onl y of biogenic ca lci te which is 

mainly composed of foraminifers but a lso of angular inorganic calc ite gra ins. Since Kosa oft en 

contains severa l% of calcite [lshizaka, 199 1], those inorganic carbon could be of aeolian 

origin . Thus, subtraction of all carbonates from the detrital component may result in 

underestimation of the detritus in the samples by as much as 2%. The detritus con tent 

estimated by equation (3) agrees we ll w ithin ±20% error with the total amount of detrital 

materials (smectite, illite, chlorite, amphiboles, quartz, feld spars, and detrital amorphous) 

estimated by XRD (Figure 6). 
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8. Q-mode Factor Analysis 

Q-mode factor analysis was applied for the major element compos ition of samples in 

order to extract subcomponents within the detrital component and evaluate the possible range 

of composi tion of the subcomponents and the ir contents within individual samples. The author 

adopted the data transformation routine described by Miesch [ 1976] , and used SystatTM 5.2.1 

for Mac intoshTM to calculate factor load ings and factor scores. Symbols used here are li sted 

below. 

Ill 

II 

Xmin~,: 

Xmcan-': (x'' mcank) 

S (S") 

A (A") 

F (F") 

C (C") 

Number of samples 

Number of elements 

Number of subcomponents 

Concentration of k-th e lement in i-th samp le (transformed) 

Maximum concentation of k-th element 

Minimum concentration of k-th element 

Average concentration of k-th element (transfom1ed) 

Concentration ofj-th subcomponent in i-th sample (transformed) based on 

varimax rotation 

Concentration of k-th element inj-th subcomponent (transformed) based 

on varimax rotation 

Concentration of k-th e lement inj-th subcomponent (transformed) based 

on obi ique rotation 

Concentration of j -th subcomponent in i-th sample (transformed) based on 

oblique rotation 

Samples - elements matrix composed of x;, (x" ;,) 

Samples- composition loadings matrix composed o f au (a";) 

Composition score - elements matrix composed off;, (j" j, ) 

Composition score - elements matrix composed of gj, (g ",, ) 

23 



B (B") 

'X 

x' 

s 
I 

Composit ion score -elements matrix composed of b,; ( b" ,) 

Transpose matri x of matrix X 

Inverse matri x o f matri x X 

Eigen va lue of matri x S"'S" 

Sca ling factor [Miesch , 1976] 

Constant which defines the oblique rotati on angle of j -th subcomponent 

8-1. Q-mode Factor Analysis with Yarimax Rotation 

For 111 e lements, n subcomponent s, and I samples, Q-mode factor analys is was used 

here to find the compos it ion loading matri x A and the compos it ion score matri x F from sample 

matri x S which sati sfy 

S = AF , (4) 

where S is the I x 111 matri x composed of x ,1 which represent the concentrati on of k-th e lement 

in i- th sample, A is the I x n matri x composed of a,; which represents concentrati on of j-th 

subcomponent in i-th sample , and F is the n x 111 matrix composed of;;, which represent s 

concentrati on of k-th element in j -th subcomponent. Prev ious to ana lys is, sum o f element 

compos ition for each sample was normali zed to unity to prepare S. The n, re-sca ling of 

concentrati ons of indi vidual e lements are conducted based on the fo llowing data 

transformati on [Miesch , 1976] in order to equal ize the vari ati on of each e lement and obta in the 

transformed sample matri x S" (~ (x" " )) . 

x" = · ;~ ,." x ,.k ~fx ,.k , (5) 
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and 

.X
1 
iJ. =(xi/..- .Xmin~,:)/(.Xm:l.\ 1.: - X min A) (6) 

where xmax , and Xmin1 are maxi mum and mini mum concentrati ons of k-th e lemen t, respecti vely. 

For the transformed sample matri x S", transfo rmed fac tor loading matri x A " (~(a ";;)) is 

calculated . which sati sfies 

(7) 

where 'S" and 'A" are transpose matri ces of S" and A" , respecti vely, and S"'S" is ca ll ed the 

matri x of cos ine theta. 

In the course of Q-mocle fac tor ana lysis, num ber of subcomponents to explain the 

original data set should be cletem1 ined. the author set criteri a to determine the minimum 

number of subcomponent n as such that they explain more than 98.5% of the to tal vari ance. 

Namely, 

(8) 

where\ (I,, ~A.:F · · ·~/,m) is e igen values of the matrix of cosine theta (S'"S" ) which is ca lcul ated 

during the course of factor ca lculati on. The number of non-zero eigen va lues is less than or 

equal to m. Because the maximum rela ti ve error for element concentrations used here is 

± 1.5%, thi s criteri a should g ive enough prec is ion for the factor ana lysis. 

In the nex t step, an I x n matri x A" is calcul ated from S" 'S" based on n-
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subcomponents model to satisfy varimax criteria which is defined to make I(Ia"~)' 
]'I 1 I 

maximized. Transformed factor score matri x F" (= ([
1
,)) is defined to sat isfy 

S"=A"F 11
, (9) 

and F" can be calculated as 

( 10) 

Row vectors ofF" gives characteristic chemical composition of subcomponents and arc 

regarded as reference axes which are orthogonal in the 11-dimensional space. Composition 

loadings (a,) and composition scores CJ;,) can be calculated from factor loadings (a" ,) and 

factor scores (j"
1
, ) using following equations 

a" .. js . 
a .. = '1 , 

'1 ])a",);) 
(II) 

and 

(12) 
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where s1 =(1- ~X mio 1 )/~ (/",, (x m.,1- Xmm.)) [Miesch. 1976]. 

8-2. Oblique Hotation of Factor Scores 

Some of compos ition load ings (a,) and composition scores If;,) ca lc ul ated from 

varimax fac tor loadings (a",) and factor scores (/ '
11

) may have negati ve va lues. However, 

negative compos ition loadings (a,) and composit ion scores CJ;1) could not be accepted as 

geologica ll y reasonable content and composition of the subcomponents. To solve thi s 

prob lem, Leinen and Pisias [ 1984] proposed an objec ti ve criteri a to re-define the re ference 

axes (compositions of subcomponents) . According to the ir criteri a, every new re ference ax is 

g"
1 

= (g"i, ,g"i2 ,. · ·,g" i,) (i~ I ,2, .. ·,n ) can be set on the plane made by correspond ing varimax 

reference ax is ] "i = (f"i, ,f"i2 ,. · ·,f"i, ) and mean sample vector 

i' 'mc:.n = (x'' mean l,X
11

rnean2, · ··.X
11

mcanm) which is calculated from Xmc•m = (xm~::ani ,Xrne;m 2, · · , X mcanm) 

using equations (5) and (6). Namely, 

( 13) 

where ai is a constant. For n x 111 matrix of the new refe rence axes G"= g: 
1 

which is [
_,] 
_, 
g " 

composed of the new fac tor scores g"i'' an 111 x 111 matri x R is de fined as to sati sfy 
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Because F" is orthogonal , R is calculated as 

R :::: G''1F'' , 

where 'F" is transpose matri x ofF". Using the inverse matri x of R, equation (9) can be 

rewritten as 

S'=A"F 11 

= A" R-1RF11 

= B"G" 

(I 4) 

(15) 

(I 6) 

where B" (=(h" ,)) =A" R" ', and b",
1 

are regarded as the new factor loadings. Newly defined 

compos ition loading matrix B (=(h,)) and composition score matrix G (= (gi,)) can be 

calculated using transformations similar to equations (I I) and (I 2), respectively. 

Leinen and Pisias [I 984] conducted oblique rotation of varimax reference axes until 

the negative composition scores(!,,) calculated from varimax factor scores (f'i,) become zero. 

In this case, some of composition load ings (b.) may have negati ve values which are not 

geologically acceptable. For thi s reason, the author adopted tighter criteria that both B and G 

have no negative va lue. Our criteria do not define unique composition load ings (b ,) nor scores 

(g
1
, ) but could const rain ai into cert ain ranges. In general, the maximum a, gives the non

negative composition score limit whereas the minimum ai gives the non-negati ve composition 

loading limit. Resulted composition loadings (b ,) and scores (gi,) are interpreted as contents 

and element concentrat ion of subcomponents for samples. respectively. The meaning of 
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subcomponents extracted by Q-mode factor analysis is explored through comparing 

composition loadings (b ,) with mineral contents. which could give further constraint on aj as 

will be described in the next section. 
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9. Estimation of Mineral Composition of Subcomponents based on Multi

regression Analysis 

To characteri ze the subcomponents ex trac ted by Q-mode factor analys is using 

chemica l compos it ion data, it is useful to esti mate the minera l composi tion of these 

su bcomponen ts. Multi -regress ion ana lys is between the contents (composi ti on loadings) of the 

subcomponents and the mineral compos ition for ind ividual samples was performed to estimate 

the mineral compos ition of each subcomponent. Symbols used here are li sted be low. 

p 

y 

8 

H 

Number of samples 

Number of minerals 

Concentrat ion of r -th minera l in i-th sample 

Concentrati on ofj -th subcomponent in i-th sample based on o blique 

rota ti on 

Concentrati on of r-th mineral in j- th subcomponent 

Sample- mineral matri x composed of Y;, 

Compos ition score -e lements matri x composed of bu 

Multi -regress ion coeffi c ient matri x composed of hj, 

Mineral compos it ion matri x o f p minera ls for I samples is defined as Y ( =(y;,)) where 

Y;, is r- th mineral content of i- th sample . Total of minera l contents for indi vidua l samples are 

normali zed to unity. Multi-regress ion ana lys is was conducted to calcul ate multi -regress ion 

coeffi cient matri x H (=(h)) which sati sfy 

Y = 8H ( 17) 

where 8 is compos ition loadings ca lculated by Q-mode factor analysis with obl ique rotation. 

Since H should sati sfy the least square criteri a, Hi s ca lculated as 
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H =('BBr''BY (18) 

where 'B is transpose matri x of B. In thi s H, hj, can be interpreted as r -th mineral content of 

j-th subcomponent. The ca lcul ati on was perfom1ed by Systa tTM 5 .2. 1 fo r Mac imoshT"- If B 

represents actua l contents of the subcomponents, H should be zero o r pos it ive. T hi s crite ri a 

may further constrain poss ible range of a/ 

31 



10. Estimation of Silt I Clay Ratio of Each Subcomponent 

In orde r to examine the gra in size (s ilt I clay ratio) of each subcomponen t (factor), the 

content of each fac tor in the clay fracti on and the silt frac ti on is estimated as fo llows. First, the 

total of chemical compos ition of each selected sample is normali zed to unity. Then, each 

composition value is transformed using equations (5) and (6). This transfom1ed compos it ion 

vector can be treated as gj and fac tor loadings of each se lec ted sample is ca lcul ated using 

equation ( I 5). Compos ition load ings (content of each factor) within silt and clay fractions of 

each sample can be calculated using equation ( I I). 

Us ing the content of each factor in the silt and c lay fractions and silt I c lay ratio of the 

bulk samples, the s ilt I clay ratio of each factor is calculated as 

( 
Silt ) _ (Factor j (%)\", ( Silt ) 

C lay """"' j - (Factor j (o/o )),,.,, x Clay bo" · 

( 19) 
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11. Results 

JJ-1. Grain Composition 

Smear slide observation shows that late Quaternary sed iments at Site 797 mainly 

consist of a detr it al component wi th subordinate amount of biogenic and diagenet ic 

components. Detrital gra in composi ti ons are li sted in Table I. The detrital component in the 

clay size fraction cons ists dominantl y of c lay minera ls, whereas that in silt and sand size 

fractions consist dominantly of subangular to subrounded monocrystalline quartz, feldspars, 

and li ght brownish rounded altered volcanic glass, with small amounts of naky fresh or altered 

mi ca (biot ite and/or muscov ite), rutile, and amphibo les. Largest detrital grain was quartz, 

feldspars, or flaky mica. The reproducib ility of measurement of largest grain size is ±3 1 lffll 

based on comparison between measurement of Tada er a/. [ 1992] and this work (Figure 7a). 

The grain size is larger during Stage 2 and substage 6.2 which are glacial maxima (Figure 7b). 

Ten samples contain sign ificant amount of angular transparent fresh volcanic glass shards. 

Inorganic calcite are c lay to silt size and irregular in shape. Biogenic component consists 

dominantl y of s ili ceous microfossils such as diatoms with minor amount of radiolarians and 

sponge spicu les. Calcareous microfossils such as fo raminifers and cocolith occur onl y 

sporadica ll y. Diagenetic component consists mostl y of framboidal pyrite. 

11-2. Major Elements Composition 

The result o f XRF analysis are li sted in Table 2. The range and average concentration 

of each element are also li sted in the last four rows in Tab le 2 . Elements such as Si02 , Ti02, 

MgO, a,O, and K,O show positive corre lation with AI,O, except for I 0 tuffaceous samples 

and one sample with extremely high MgO (Figure 8) . Tuffaceous samples have wide range of 

chemica l composi ti on suggestive of different volcanic sources. One sample with high MgO 

content is from a thick dark layer. and this sample contains relatively high CaO and carbonate 
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carbon [Tada eta! .. 1996]. Thus high MgO is considered to be originated from Mg-carbonate. 

LOI and CaO show the negative correlation with Al,O ,. and LOI shows positive con·elation 

with the contents of organic carbon and carbonate carbon. Fe20 ,. MnO. and P ,05 do not show 

clear corre lation with Al20 3 • Extremely high(> I wt%) MnO samples occur within the 

stratigraphic intervals between 0 and 60 cmbsf, 700 and 790 cmbsf, and at I I 08 cmbsf. 

respectively, and these intervals correspond to interglacial stage I and substage 5.5 . Almost all 

samples shows the P20 5 content between 0.076 and 0.179 wt%, however there are 2 samples 

with P,05 contents of0.546 and 2.25 wt% at 44 and 480 cmbsf, respective ly, which correspond 

to stage I and substage 5.1. 

11-3. Biogenic Silica Content 

Biogenic si li ca content is ranging from 2.5 to 18.9 wt% (Table 3). It is generall y 

higher at 0- I 00 cmbsf and 500- 850 cmbsf which correspond to oxygen isotope stage I and 

stage 5 (Figure 9). Samples at 224 and 239 cmbsf also show high biogenic sili ca contents . 

Samples with high biogenic s ilica show high abundance of diatom [Tada et a!., 1996] except 

for a sample at 224 cmbsf. Sample at 224 cmbsf shows rare diatom frustules based on smear 

slide observation, however it is just below tuffaceous samples and is considered to contain 

extremely fine volcanic glass. Its "biogenic silica" content could be overestimation due to 

faster dissolution of these fine glass. 

11-4. Mineral Composition 

The result of XRD ana lysis are listed in Table 4. The range and average of content of 

each mineral (including detrital amorphous material) are also li sted in the last four rows in 

Table 4. XRD analysis shows that major detrital components are clay minerals (average 36%), 

detrital amorphous (av. 27%), quartz (av . 16%), and feldspars (av. 4%). Within clay minerals, 

smectite and illite are dominant (av. 18% and 15%, respectively) fo llowed by ch lorite+ 

36 



~
 

Ox
yg

~~
a~

seo
to

pe
l 

1 
I 

2 
I 

3
-

4 
I 

5 
I 

6 
I 
I, 

7 

.....
. 

1 
5 

~
 

0 ~
 

C\
1 

1 
0 

0 en
 

0 ..c
 

5 0 
0 

F
ig

u
re

 9
 

2
0

0
 

4
0

0
 

6
0

0
 

8
0

0
 

1
0

0
0

 
D

e
p

th
(c

m
b

s
f)

 

~ 
1

2
0

0
 

1
4

0
0

 

D
ep

th
 p

ro
fi

le
 o

f 
bi

og
en

ic
 s

il
ic

a 
(b

io
S

i0
2

) 
co

nt
en

t.
 

C
or

re
sp

on
di

ng
 o

xy
ge

n 
is

ot
op

e 
st

ag
es

 a
re

 f
ro

m
 T

ad
a 

et
a

/.
 [

 19
96

].
 



oxyg•n laotop• 
Stag• 

20 

t! 15 .. 
" 10 0 

10 

!::! .. 
a. 
II) 

"0 
;:; 
u.. 

II) 

" 60 
0 

.s::; 
a. 50 
0 
E 40 
.0: 
Iii 30 
:t: 
l:J 

" 20 
Cl 

21 

20 

~ 19 
ti 18 

" E 17 
"' 16 

15 

18 

17 

~ 16 

15 

14 

.!! :s 
0 3.8 .. 
>:: 
+ 3.6 

.!! 
·~ 3.4 

:;: 3.2 u 

Figure 10 

a 

b 

c 

d 

e 

200 400 600 BOO 1 000 1200 1400 
Depth{cmbsl) 

Depth profiles of contents of quartz (a), feldspars (b), detrital amorphous (c), 
smectite (d), illite (e), chlorite+ kaolinite (f), amphiboles (g), calcite (h), pyrite 
(i), and rhodochrosite UJ. Corresponding oxygen isotope stages are from Tada 
er a/. [1996] . 

38 



oxygen laotope 
Stag a 

<II .. 
0 
JJ 
:;: 
a. 
E 
<( 

$ ·c:; 
70 
u 

$ 
'iii 
e 
.c 
0 
0 
'C 
0 
.c 
tl: 

2.5 

1.5 

0.5 

30 

25 

20 

15 

10 

-.... --~.--~tt .. ~--- ... 1, ......... L.J~ 
200 400 600 BOO 

Depth{cmbsl) 

Figure 10 (continued) 

39 

1000 1200 

g 

h 

1400 



Figure 11 
Depth(cmbsl) 

Depth profiles of Quartz/Detritus (a), Feldspars/Detritus (b), (detrital 
Amorphous)/Detritus (c), Smectite/Detritus (d), Illite/Detritus (e), and (Chlorite 
+ Kaolinite)/Detritus (f). Corresponding oxygen isotope stages are from Tada 
et al. [1996]. 
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kaol in ite (av. 3%). Contents of quartz and fe ldspars are lower between 0 and 100 cmbsf and 

between 600 and 800 cmbsf which correspond to oxygen isotope stages I and 5 (Figure I Oa, 

b). 

Since these flu ctuation patterns are mirror image of biogenic sili ca (Fi gure 9), it could 

be due to the dilution effect by biogenic s ili ca . To remove thi s effect, the author normali zed 

mineral contents by Detrillls%. Quartz/detritus and feldspars/detritus arc higher be tween I 00 

and 450 cmbsf and between 850 and 1300 cmbsf which correspond to glacial stages 2 to 3 and 

6 whereas they are lower between 0 and I 00 cmbsf and be tween 450 and 850 cmbsf which 

con espond to interglac ial stages I and 5 (Figure !I a, b). On the other hand, detrit al 

amorphous/detritus and smectite/detritus are lower during glacial stages and higher during 

interglac ial stages (Figure lie, d). Illite/detritus and (chlorite+kaolinite)/detritus arc higher at 

80-150, 500-600, and 650-800 cmbsf which corresponds to interglacial stage 5 and it is 

generall y lower in other interva ls (Figure li e, f) . These results show that the detrital minera l 

compos ition within detrita l component tends to change in harmony with glac ial - interglac ial 

cyc les . 

Twenty five samples show detectable ca lcite peak and the content ranges from 2.4 to 

34%. Other samples show no detectab le ca lcite peak. Amphibo les and pyrite are minor but 

common constituent s. Pyrite is of di agenetic orig in and ri ch in clark layers. Small amount of 

gypsum and jarosite are found in several samples from the second sample set especially those 

rich in calcite and pyrite as is noted in remarks in Table 4. They were considered to be formed 

by oxidation of pyrite and reaction with calcite during sample storage. Some samples in the 

interval between 700 and 840 cmbsf and at I I 08 cmbsf contain a minor amount of 

rhodochrosite. They correspond to MnO rich samples and are considered as of diageneti c 

origin. 

11-5. Result of Grain Size Separation 

Grain size compos ition of 10 se lec ted samples are li sted in Table 5. Content of sand 
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(>63 flnl) fraction ranges from 0 to II % but most of samples contain less than 3% of sand. Silt 

(4to 63 Jlnl) content ranges from 24 to 4 1% and varies by factor of 1.7 . Clay (<4 Jlm) fraction 

show negative correl ation with si lt fraction and ranges from 56 to 71 %. Thus the variation in 

silt / clay ratio rather than the variati on of sand fraction is considered as a major cause of 

variations in the bu lk chem ical composition of sediments. Biogenic s ili ca content s and major 

elements composition of silt and clay fraction are a lso li sted in Table 5 and mineral 

composi tion of these two frac ti ons are li sted in Table 6. BioSi02 in the silt fraction is 

general ly lower (0 to 6%) than that of clay fraction (3 to I 0%) in spite of higher total Si02 

content of silt fraction than that of c lay fraction (Tab le 5). This is because silt fraction con tains 

more quartz than clay fraction (Tab le 6). Higher Al,03 content of c lay fract ion suggests the 

hi gher clay mineral conten t in thi s fraction (Table 5). Table 6 shows that clay fraction is 

chracterized by higher smectite and detrital amorphous content. 

11-6. Dry Bulk Density 

Estimated DBD va lues for all samples are li sted in Table 3. DBD is ranging from 0.3 

to 0.85 g/cm3 except fo r the interval between 0 and I 00 cmbsf where it is abnormall y low (0.2 

to 0.4 g/cm3
) (Figure 12a) . This is probably becau se top part of the core is di sturbed and 

flu idized during core handling on the deck as is described previously. Below I 00 cmbsf, DBD 

tends to be low within the interval of 500 to 850 cmbsf, moderate within I 000 to 1300 cmbsf, 

and high within I 00 to 500 cmbsf and 850 to I 000 cmbsf. DBD at Site 797 has negative 

corre lation (r ~ -0.73) wi th bioSi02 (Figure 12b) which is interpreted as caused by the higher 

content of porous diatom fru stul es in higher bioSi02 samples [Tada and ftjima, 1983]. 

ll-7. Content of Detrital Material 

Est imated content of detrital material (~Detritu s%) for all the samples are li sted in 

Tab le 3. Detritus% in the studied samples ranges from 61 to 92 wt%. The detritu s content is 

higher in the interva ls between I 00 and 450 cmbsf and 850 and 1300 cmbsf which correspond 

to glacia l stages 2 to 4 and 6 (Figure 13). It is a mirror image with the vari ation of bioSi02• 
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Depth(cmbsf) 

Figure 12a Depth profile of dry bulk density (080). Corresponding oxygen isotope stages 
are from Tad a et at. [ 1996]. 
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Figure 12b Relationship between biogenic silica (bioSiO,) content and dry bulk density 
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12. Partitioning of the Detrital Component 

Q-mode facto r anal ys is of the major elements was perfo tmed in orde r to identi fy the 

detrit al subcomponents and estimate their compos ition and contents in each sample. Since our 

major interest is focused on the quantit ati ve estimati on of Kosa contribution w ith in the detrita l 

component , the author conducted two step factor analysis as is described be low (Figure 14). 

12-I.STEPI: Factor Analysis of All Major Elements for All Samples 

As a first step, Q-mode factor analys is was conducted for all samples using all I I 

major elements (Si02, Ti0 2, Al20 , , Fe,01, MnO, MgO , CaO, Na20 , K,O, P,O,. and LOI ). 

Result of pre liminary analysis shows that fi ve factors could ex plain 98.8% of the total 

variance. Thus , the author repeated Q-mode factor analys is again based on a 5 factor mode l 

with varimax rotati on. Extracted 5 factors are named as Factors A through E in descending 

order of vari ance ex pla ined by each varimax fac tor. After calculation of composition loadings 

and composition scores from varimax factor load ings and factor scores, respecti vely, the author 

conducted multi -regress ion anal ys is o f the composition loadings for each sample with its 

content of minerals including smectite, illite, chlorite + kaolinite, amphiboles, quartz, fe ldspars, 

detrital amorphous, bioSi02, calcite , organic carbon , pyrite and rhodochrosit e. Compos ition 

loadings and multi -regression coeffi c ient s should give the contents of elements and minera ls of 

each subcomponents (Factors A through E). In thi s step, the author did not apply oblique 

rotati on to ex tract geolog ically reasonable chemica l and mineral compos ition of 

subcomponents because the result obtained was enough to examine the chemical and 

mineralog ical character of each subcomponents. Several negati ve composition scores and 

negati ve multi -regress ion coefficients suggest sma ller contents of the e le ments and minera ls 

whereas large pos itive composition scores and pos itive multi -regress ion coeffici ent s suggests 

larger content s. Ca lcul ated compos ition scores of each e lements for each factor are shown in 

Table 7 in which the factor with composition scores larger than the average of samples has 
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positive contribution to the elements (Figure 15). Multi-regression coefficients are also li sted 

in Table 7 in which the factor with multi-regression coefficients larger than the average 

mineral contents of samples has positive contribution to the minerals (Figure 16). Calculated 

composition scores and multi-regeression coeffic ients are li sted in Table 7. 

Factor A has strong positive contribution to Ti02, AI,O,. Si02, K,O, and MgO, and 

strong negative contribution to LOI, Fe,O,, MnO, CaO, and P20 5 (Figure 15). It shows strong 

positive contribution to smectite. illite, chlorite+ kaolinite, amphiboles, quartz, and feldspars 

(Figure 16). Thus , this factor is attributable to a subcomponent characterized by detrital 

material. Factor B has strong positive contribution to LOI, CaO, moderate contribution to Ti02 

and MgO, and strong negative contribution to Si02 and MnO (Figure 15). It shows strong 

positive contribution to calcite and organic carbon, and moderate positive contribution to illite, 

chlorite+ kaolinite, amp hiboles, and quartz (Figure 16). Based on these relationships, Factor 

8 is mainly att ri butable to a subcomponent characterized by calcite and organi c carbon with 

small contribution of detrital material. Factor C has strong positive contribution to S i02, Na20, 

and K,O. moderate contribution to LOI and AI,O,, and strong negative contribution to Ti0 2, 

MgO. and CaO (Figure 15). It shows strong positive contribution to biogenic sil ica and detrital 

amorphous, and moderate positive contribution to smectite and feldspars (Figure 16). Some of 

samples with high contribution of Factor C contain abundant fresh volcanic glass shards under 

the microscope. Thus, this factor is attributable to a subcomponent characterized by biogenic 

sil ica and volcanic glass with low Ti02 and MgO and high Na20 and K,O contents . Factor D 

has strong positive contribution to Fe,0 3 and P,O,. moderate contribution to LOI and Na20, 

and strong negative contribution to MnO and CaO (Figure 15). It shows strong positive 

contribution to pyrite and organic matter, and moderate positive contribution to smectite and 

detrital amorphous (Figure 16). Thus, this factor is attributable to a subcomponent 

characterized by diagenetic pyrite suggestive of reducing condition with small contribution of 

detrital material. Factor E has strong positive contribution to MnO and P20 5 , and moderate 

contribution to MgO and Na,O (Figure 15). It shows positive contribution to rhodochrosi te 

and biogenic sil ica (Figu re 16). However, moderately negative contribution of thi s factor to 
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Si02 (Figure 15) suggests that positive contribution to bioSi02 could be superficial. Thus. 

Factor E is attributable to a subcomponent characterized by diagenetic manganese oxi

hydroxide or manganese carbonate with smal l contribution of detrital mater ial. and the former 

cou ld have been originall y precipitated as manganese ox ide under ox ic bottom water 

conditions. 

T hese result suggests that contribution of the detrital component is largely included in 

Factor A and Factor C with minor inclusions in Factor B, D, and E. Consequently, it is not 

poss ible to extract the detrital component and partition it into subcomponents by Q-mode 

factor analys is using all major elements of all samples. 

12-2. STEP2: Factor Analysis Using "Detrital" Elements 

In order to extract the detrital component and partition it into subcomponents of 

different origin by Q-mode factor analysis, the elements which contribute mostl y to "detrital" 

factors (Factors A and C) such as Ti02, A120 , , M gO, Na,O, and K,O are selected (Figure 15). 

Detrital Si02 (detSiO,) is also included which are calculated by subtracting biogenic Si0 2 from 

total Si02 • The elements which are strongly affected either by biogenic components (CaO, 

P,O,, LOI) or by diagenetic components (Fe20 ,, MnO) are excluded. The sum of detSi02 , 

Ti02, A120 ,, M gO, Na,O, and K,O accounts for approximately 90% of the detrital component. 

This means that detrital subcomponents partit ioned from these 6 elements by themselves could 

exp lain approximatel y 90% of the bulk detrital materials within the samples (Figure 17). 

Ten samples which contain sign ificant amount of fresh volcanic glass were excluded 

because those fresh vo lcanic glass was probably supplied by ash fall from various volcanoes 

and could have a wide composi tional range. The wide compositional range of volcan ic glass 

would violate the basic assumption that each subcomponent have the specific chemica l 

compos ition. One sample with high M gO content was also excluded from analysis because 

relat ive ly high content of CaO and carbonate carbon of thi s sample suggest that the ori gin of 

MgO in thi s sample is magnes ium-calcium carbonate although 31 °29 peak of dolomite is not 
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Figure 17 Interrelationship bet-ween the-content of detritus and the tota l sum of '·detrital" 
elements (detSi02 , Ti02 , Al,0 3, MgO, Na,O, and K,O) 
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clear due to over lapping with fe ldspars peak. 

As a second step, Q-mode fac tor ana lys is was conducted again using the 6 se lected 

··detrital" e lements for 2 13 se lected samples. Prelimi nary result of analysis shows that four 

fac tors exp lain the 98.7% of the total vari ance. Based on th is result , the author conducted 

Q-mode fac tor ana lys is based on a 4 fac tor mode l with vari max rotati on. Ex tracted fac tors are 

named Factor I through 4 in descending order of vari ance ex pl ained by each varimax fac tor. 

The resul t gave a negat ive va lue of MgO composition score for Factor 4. To avo id the 

negati ve value, the aut hor appli ed oblique rotati on of all varimax fac tor axes and obta in the 

rotati on angles which sati sfy the requirements that all compos ition scores are pos itive . The 

au thor call s these ang les as non-negati ve score limits (NNSs). T hen, the author rotated one 

factor ax is at one time while another 3 fac tors are fi xed at NNSs to find a non-negati ve loading 

limit (N NL) fo r each factor. The possible range (from NNS to NNL) of compositions scores of 

each fac tor are shown in Figure 18 and li sted in Table 8. 

Figure 18 shows the interre lationships between element rati os detSiOJ A I,01, 

Mg0 /AI20 1, Na,O/AI20 1 , K,O/AI,01 and T i0 2/AI20 1 for the se lected samples . The di agrams 

show general trend from high detSiOJ AI,01, Ti0J AI20 1, Mg0 /AI,01, K20 /AI,01 rati os and 

low Na,O/AI,01 ratio to low detSi02/AI20 1 , T iO,IAI,01 , Mg0/A I20 1 , K,O/AI20 1 rati os and 

high a,O/ Al20 1 rati o. Factor I represents the detrital subcomponent characteri zing one end of 

thi s trend , whereas Factor 2 represents the subcomponent characteri zing the other encl. The 

major trend of compos itiona l vari ation shown in Figure 18 is explained by these two factors. 

Factor 3 explains dev iati on from thi s major trend towards higher cletSi02/ Al20 1 and 

Na,O/AI,01 ratios, and lower TiO,IAI,O ,, Mg0 /A120 1, and K,O/A1 10 1 ratios . Factor 4 explains 

the dev iation toward the other side characteri zed by high Ti02/ Al20 1 rati o, low MgO/ AI,01, 

Na,O/AI20 , and K,O/AI20 1 ratios, and moderate detSiOJ AI,01 rati o. 

12-3. Mineral Composition of the Detrital Subcomponents 

The result of the multi -regression ana lysis between compos ition loadings (contri bution 
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of each factor) and the bulk detrital mineral contents normalized by the detrital content for each 

sample gives the ranges of mineral composition for each factor as is li sted in Table 9 and 

shown in Figure 19. Mathematically possib le ranges of mineral composition may include 

negative values which are geologically unrealistic. To eliminate such mineral compositions, 

rotation angles should be further adjusted within the range between NNS and NNL. Figure 19 

shows that Factor 2 have negative range of quartz content between -45% and -2% which is 

significant even after taking into account of estimation error (±2% ). Accommodation of thi s 

constraint further narrow the chemical and mineral composition ranges of the factors which is 

listed in Table I 0. 

As is obvious from Figure 19, Factor I is characterized by high contents of quartz, 

fe ldspars, amphiboles, illite, and chlorite+ kaolinite, moderate content of smectite, and low 

content of detrital amorphous. By contrast, Factor 2 is characterized by high contents of 

smectite and detrital amorphous, and low contents of quartz, feldspars, illite, chlorite+ 

kaolinite , and amphibo les . Factor 3 is characterized by high contents of amphiboles and 

detrita l amorphous, and low contents of other crystalline minera ls. The composition of Factor 

4 is similar to that of Factor I except its lower content of smectite. 

12-4. Silt I Clay Ratio of the Detrital Subcomponents 

The si lt I clay ratio of I 0 selected samples ranges from 0.31 to 0.71 (Table I I). Major 

element compositions of the c lay fraction are characterized by relatively low Ti0jA I2 0 3 and 

detSiOJAI,O, ratios whereas those of the si lt fraction are characterized by higher Ti0jAI,03, 

detSiOJAI 20 1 and Na,OIAI20 3 ratios as compared with the ratios for the bulk samples (Figure 

20). Figure 20 shows that chemical composition of clay fraction are approximately on the 

mixing line of Factor I and Factor 2 whereas those of si lt fraction are in the mixing triangle of 

Factor I, Factor 3, and Factor4. This suggest that Factor I and Factor 2 largely contributed to 

clay fraction and Factor 3 and Factor 4 largely contributed to silt fraction. Figure 21 shows 

that samples with high Factor 3 and Factor 4 content tend to have higher silt I clay ratio . 
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In order to evaluate this tendency, silt I clay ratio of each factor was estimated. 

Although the result may contain large error, the si lt I clay ratios are estimated as 0.21 to 0.55 

for Factor I, 0.12 to 0.43 for Factor 2, 0.5 to 3.1 for Factor 3 and 1.0 to 5.6 for Factor 4. 

respectively (Table I I). The result suggests that Factor 3 and Factor 4 are composed 

dominantly of sil t size grains whereas Factor I and Factor 2 are composed dominantly of clay 

size grains. 

56 



I') 

0 
N 
( 
i'l 
0 
§ 
• 
" 

M 
0 
N 
( 
a 
" ~ 

• Factor 3 

0.4 

Factor 1 

"' • 0 0.3 

0~ "' ~ 0 5 f 0 ro&i' 0 "' 0.2 "' z 
:':#' • 

"~· 
tJ!! • Factor 4 Factor 2 " .. 0.1 

• 
Factor 2• Factor 4 Factor 1 

0.35 ·-Factor 1. II • 
0.35 Factor 1 

0.3 
0.3 

0.25 
"' 0.25 0 
"' 0.2 J.· ~ 0. 0 

.~': 

"~ 
oo 

D.~:~~·~. Cb<6 
0 r--;:.,·, go~ Factor 2 "' 0.2 0.15 ~ 

" 0 
. . ~·~: • 0 

0 oo 
0.1 0 " 

0.15 Factor 3 • 0.05 • Factor 4 

• Factor 3 _ Factor 4 
0.1 

• Factr;>r 2 

0.01 0.02 0.03 0.04 0.05 0 .06 0.07 0 .08 0.01 0.02 0.03 0 .04 0.05 0.06 0.07 0.08 

Figure 20; 

TI02/AI203 TI02/AI203 

Sample 0 Silt Fraction " Clay Fraction • Detrital Subcomponent 

DetSiO/AJ,03 (a), Mg0/Al,03 (b), Na,O/Al20 3 (c), ~0/Al,03 (d) versus 
TiOjAI,03 plots of selected 213 bulk samples and silt and clay fraction of 
selected I 0 samples. 

57 



58 



13. Origin of Detrital Subcomponents 

Based on the result of examination of chemical and mineral composition and grain 

size of the detrital subcomponents est imated by factor analysis, the characteristics of each 

factor is summarized in Table I 0. 

In order to estimate the origin of these factors(= deu·ital subcomponents) , chemical 

and mineral composition as well as silt I clay ratio of the factors are compared with those of 

possible source materials. Because these four factors are characterized with significantly 

different chemical composition, their difference is most clearly demonstrated by x-y plots of 

detSiO/ AI,O,, MgOI Al,O, , Na,OI Al 20 , , K201 Al20 , and TiO/ Al,O, (Figure 18). The author 

compares the composition of the subcomponents with those of Kosa [Inoue and Naruse, 1987, 

Kanamori era/., 1991], suspended dust from Gobi [Parungo eta/., 1994], Pliocene neritic 

mudstone col lected from the Northern Japan which represents fine-grained detritus derived 

from Japan Arc [Irina, 1992MS, Sakamoto, unpublished data], and various Quaternary tephra 

from Japan [Machida and Arai, 1992] on these diagrams (Figure 22). Cited data are also li sted 

in Table 12. DetSi02 was not available for Kosa and neritic mudstone. As is obvious from 

Figure 22, composition of Kosa and Gobi dust are plotted on the mixing line between Factors I 

and 4 whereas that of detritus derived from the Japan Arc fall on the mixing line between 

Factors 2 and 3. These relations sugges t that Factors I and 4 are attributable to Kosa, whereas 

Factors 2 and 3 are attributable to the detritus derived from Japan Arc, respective ly. Silt I c lay 

ratio of each factor further suggests that Factors I and 4 represent fine and coarse fraction of 

Kosa whereas Factors 2 and 3 represent fine and coarse fraction of arc-derived detritus, 

respectively. In add ition, Factors I and 4 are rich in quartz and feldspars which are main 

constituents of Kosa [Ishizaka, 1991] whereas Factor 2 and Factor 3 are rich in detrital 

amorphous and smectite which are cons istent with the smear sl ide observation that altered 

volcanic g lass and weathered volcanoclastics are common in the studied sediments and are 

most like ly derived from the Japan Arc. 
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Based on these est imation on the origin of each factor, the author defines percentage 

of Kosa within the detrital component as 

Kosa fraction(%)~ Factor I (%)+Factor 4 (%). (20) 

The author also defi nes Kosa grain size index (KG! ) and arc-derived detritus grain size index 

(AG I) as fo llows, 

KG! = Factor 4 (%) 
(Factor I (%) + Factor 4 (%))' 

(2 1) 

AG I = Factor 3 (%) 
(Factor 2 (%) + Factor 3 (%)) 

(22) 

Composit ion load ings of each detrital subcomponents, Kosa fraction , KG I, and AG I for each 

sample are li sted in Table 13. 
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14. Variation in Kosa Fraction, KGI, and AGI during the Last 200 ky 

Figure 23a shows the temporal variation in Kosa fraction at Si te 797 du ring the last 

200 ky . Vari ati on in Kosa fracti on is generall y in harmony with g lac ial- interglac ial cyc les wit h 

higher fracti on of up to 62% during glacial stages and lower fracti on of 40% d uring interglac ial 

stages. Although overall profil e of Kosa fracti on resembles "typical" oxygen isotope curve 

[e.g. Martinson et a!., 1987], mill enni a! scale fluctuati on is superimposed on the glac ial

interglac ial changes with the magnitude almost as large as that of the latter. Kosa grain size 

index (KG!) shows 10 ky-scale vari ati on with the larger va lues of0.1 8 to 0.35 at stages I, 2, 

and 4, and substage 6.2, and the small er values of 0 to 0 .15 at the end of stage 3. and substages 

5.5 and 6.3 to 6.5 (Figure 23b). KG! shows millenni al-scal e fluctuation with the amplitude as 

large as that for IOky-scale changes . Arc-deri ved detritus gra in size index (AGI) tends to have 

larger values of 0 .5 to 0.7 during stages 2 to 3 and substages 6.2 to 6.5, and the small er va lues 

of 0.2 to 0.5 during stage I , and substages 5.3 and6.6 (Figure 23c). AGI also shows 

millennial-scale fluctuation but the amplitude tend to be small er than that for 10 ky-scale 

changes. 

Vari ati on in Kosa fracti on can be caused by changes e ither in Kosa flu x or in arc

deri ved detritus fl ux. In order to examine which is more important, the author compared the 

fluctuati on pattern of Kosa fraction with those of KGI and AGI. Close inspection of the phase 

re lati onship between the millenni al-scale oscill ati ons in Kosa fraction and KG ! suggests that 

the minima in Kosa fraction tend to agree with the millennial-scale mi nima in KGI although 

KG! minima lag by one sample behind the minima in Kosa fracti on in several cases . Phase 

del ays are less than 2 ky. On the o ther hand , the max ima in AGI shows excellent agreement 

wi th the minima in Kosa frac ti on without any phase shift. Amplitude of the millennial-sca le 

decrease in Kosa fracti on is most eas il y ex plained by re lati ve increase in coarse arc-deri ved 

de tritus (Fac tor 3) because its vari ati on shows the mirror image with the vari ation in Kosa 

frac tion and the amplitude of the two are approximately the same (Figure 23d). Millennial

scale variati on in AG ! also seems to be mainly caused by vari ati on in the frac ti on of coarse 
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arc-derived detritus. On the other hand, the millennial-scale variation in KGJ tend to lag 

behind the variation in Kosa fraction, and the amplitude of variation in coarse Kosa does not 

seem enough to explain the millennial-scale variation in Kosa fraction (Figure 23d). From 

these reasons, the author consider changes in the flux of arc-derived detritus is more 

responsible for the millennia! changes in Kosa fraction. 

Then, what caused the millennial-scale increase in coarse arc-derived detritus flux ? 

There are two possible exp lanati ons. First explanation is the enhanced lateral transport of 

suspended load along the pycnocline [Harle// and Kuhn , 1973] at the time of stronger density 

st ratification in the Japan Sea. Tada et at. [1 996] suggest that dark layers were deposited in the 

Japan Sea when the relative contribut ion of the East China Sea Coastal Water (ECSCW) influx 

increased. Stronger density strat ification in the water column caused by the influx of the 

ECSCW with sli ghtly lower salinity could have enhanced lateral transport of suspended load 

along the pycnocline. This is consistent with general coincidence of AG I maxima with the 

maxima of ECSCW influx suggested by diatom assemblage [Tada et a/., 1996]. The other 

explanation is that the increase in precipitation on the Japanese islands resulted in the increase 

in the total arc-derived detritus di scharge to the Japan Sea including it s coarser fract ion. 

Generally speak ing, increasing river discharge tend to increase the capacity of rivers to carry 

coarser detritus which may result in the increase in AGI [Allen , 1970]. From currently 

availab le data a lone, the author cannot specify which explanation is more likely. 

The decrease in KG! cou ld be caused e ither by the increase in distance to the dust 

source area or by the weakening of wind intensity. The increase in the distance to the source 

area is caused by retreat of the eastern margi n of the desert clue to increasing vegetation cover 

on the Loess Plateau. Tada et a!. [1996] suggested that the strong ECSCW influx to the Japan 

Sea during deposition of the dark layers cou ld have been resulted from increasing precipitation 

within inland China and the consequent increase in discharge of Huanghe and Changjiang 

Rivers. If this interpretation is con·ect, the decrease in KG! with in the dark layers suggests that 

the retreat of the eastern margin of the desert area occurred during these periods. Then, the 

phase de lay of KG I minima from the start of the dark layers deposition might have reflected 
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the duration which was necessary for the recovery of vegetation cover. In order to further 

explore the possible influence of wind intensity on KG I, the author compared KGI record from 

Site 797 with the loess-paleosol sequences in China [Kukla and An, 1989] and their high 

resolution grain size record [Porter and An , 1995] (Figure 24). In 10 ky-scale, KGI at Site 797 

tends to be lower during the periods of soil formation in the Loess Plateau (Figure 24) . In 

millennial-scale, the maxima in KGI between I 0 and 80 ka agree in timing. within the 

uncertainty of age determination , with the maxima in the quartz grain size observed in the loess 

sequence of China, which Porter and An [ 1995] believe is corresponding to Heinrich events 

except for H-1 ( 15 ka). Even during the period of soil formation at the Loess Plateau , 

millennial-scale KGI fluctuation is observed at Site 797. These observations suggest that 

variati on in KG! seem to have been caused at least in part by variation in wind intensity. Thus, 

decrease of KGI cou ld have reflected changes both in wind intensity and in the proximity to 

the dust source area, the latter being controlled by changes in precipitation within inland China. 
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15. Variation in Kosa Flux during the Last 200 ky 

In order to evaluate the Kosa flux to the Japan Sea and its variation in the past, the 

author calculated the mass accumulation rate (MAR) for each detrital subcomponent. The 

MAR of each detrital subcomponent is calculated based on the following equation. 

(MAR of a subcomponent) 

-(fraction of the subcomponent) x (detrital content) x DBD x LSR (23) 

It is not possible to calculate LSR for individual samples because number of the datums in the 

sediments is limited [Tada e/ a/. , 1996] . On the other hand , discussion in the prev ious section 

suggests the possibility of millennial-scale fluctuations in the fluxes of subcomponents. Thus. 

it is misleading to assume constant LSR between the datums and calculate MARs of 

subcomponents for each sample. For this reason. the author only calculates average MARs of 

the detrital subcomponents between the datums. Preceding the calculation of MARs, DBD, 

detrital content, and fraction of each detrital subcomponent were averaged for every 

stratigraphic interval defined by two adjacent datums. The results are li sted in Table 14. The 

MARs for Holocene interval may have a large error because of the uncertainties involved in 

estimation of LSR and DBD. This error is probably caused by the underestimat ion of either 

LSR due to a sl ight lack of core top or DBD due to disturbance of core. Considering these 

uncertainties, MARs during Holocene cou ld be as much as 1.5 times larger than described in 

Table 14. 

Figure 24 shows the temporal variation in the MARs of Kosa and arc-derived detritus 

during the last 190 ky. Kosa MAR varied by factor of 3 and was high (2.5 to 3.0 g/cm2/ky) 

during glacial stage 2 and substage 6.2, intermediate ( 1.7 g/cm2/ky) during interglacial 

substage 5.5 and g lacia l substage 6.6, and low (0.8 to I .2 g/cm2/ky) during Holocene, g lacial 

stages 3 and 4, and glacial substages 6.3 to 6.5. There was no evidence of so il formation in the 

Loess Plateau during glacial maxima (stage 2 and substage 6.2) whereas there is an ev idence of 
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soil formation during the other intervals [Kukla and An. 1989] . This suggest that a larger Kosa 

source area developed during glacial maxima, that is consistent wi th observed higher Kosa 

MAR during these periods. Figure I shows that, at present. Kosa event is initiated as dust 

storms in the Tak limakan- Gobi desert area where the area with more than 30 days of annual 

frequency of dust storm and floating dust is approximately 4000 km2 [Pye and Zhou, 1989]. If 

thi s dust storm area extended to whole area of the Loess Plateau during glacial maxima 

[Bowler era /. , 1987], the Kosa source area would have increased to approx imately 9600 km 2 

which is 2.4 times larger than the present area. This is consistent with our observati on that 

Kosa MAR at Site 797 was three times larger during glacia l max ima. On the other hand, the 

average Kosa MAR is nearly constant during the periods when the soi l formation ocCU lTed in 

the Loess PI ateau . 

The present Kosa flu x to the Japan Sea s ide of central to southwestern Japan is 

estimated as 1.4 to 3.2 g/cm2/ky based on the atmospheric dust concentrat ion measurement 

[Suzuki and Tsunogai, 1987]. On the other hand , Inoue and Naruse [ 1989] est imated the Kosa 

flu x as 0.5 to 1.0 g/cm2/ky based on the dust concentration wi thin precipitation in northeastern 

to southwestem Japan. They also estimate the Kosa flu x during the last glacial age as 1.9 to 

3.2 g/cm2/ky based on the calcul ation of mass accumulation rate for Japanese paleosols which 

they be lieve was derived from the aeoli an dust. Our estimat ion of Kosa MAR during Ho locene 

is 0.8 g/cm2/ky and it could be as high as 1.2 g/cm 2/ky considering the uncert ainty of the 

estimation, whereas the MAR for the last glacial periods is estimated as 2.5 g/cm2/ky. These 

values are cons istent wi th the above estimation. 

Arc-derived detritus MAR was high (2 to 2.3 g/cm2/ky) during g lac ia l max ima (stage 

2 and substage 6.2) , intermediate (1.7 g/cm2/ky) during interglac ia l substage 5.5, and low (0.9 

to 1.1 g/cm2/ky) during Holocene, stage 3 to substage 5.3 and substages 6.3 to 6.6 (Figure 24). 

The higher arc-deri ved detritus MARs during glacial maxima such as stage 2 and substage 6.2 

are probably related to enhanced latera l transport of suspended load due to sa linity 

stratifi cati on in the Japan Sea during these periods rather than the increasing di scharge of 

Japanese ri vers. because there are no ev idence of increased precipitation during these intervals 
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[Yasuda , 1987] whereas there is good evidence of density stratificati on caused by the 

deve lopment of low sa linity water cap during these periods [Oba . 199 1. Oba era/ .. 1995]. 

Higher AGI du ring the g lac ial maxima are a lso cons istent with above explanati on. Excludi ng 

the glac ial max ima, arc-deri ved detritu s MARs were higher during the last interg lac ial period . 

This suggests that the increase in river di scharge due to enhanced prec ipita ti on on the Japanese 

islands during interglac ial periods resulted in the increase in arc -deri ved detritu s flux . 

Relat ivel y low MAR of arc-derived detri tu s during Holocene could be underestimati on. 
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16. Conclusions 

The aut hor deve loped a new procedu re for Q-mode fac tor analys is to parti tion the 

detrital component of the sediment into subcomponents using chemica l compos it ion of se lected 

··detri tal" e lemen ts. The author applied thi s procedure to the hemipe lag ic sed iments fro m ODP 

Site 797 in the Japan Sea to ex tract subcomponents attri bu table to aeolian dust (Kosa). Four 

de tri ta l subcomponents were ex tracted , the ir chemical and mineral compos itions and silt I c lay 

ratios were estimated, and the ori gin of the each subcomponent was identifi ed by comparing 

the estimated compos itions with actua l compos itions of probable source materi als. The 

ex tracted 4 detrita l subcomponents are at tributed to fine and coarse subcomponents of Kosa 

and arc-deri ved detritus, respective ly. Based on these results, the author reconstructed the 

temporal vari ati ons of Kosa fracti on, Kosa grain s ize (KG I), and arc-deri ved detritus grain size 

(AGI), respective ly. 

Reconstructed Kosa fraction is higher du ri ng glac ial stages and lower during 

interglac ia l stages . Kosa fracti on also shows millenn ial-sca le variati on whose amplitude is as 

large as that of glac ial - interg lac ial vari ati on. KG I tends to be larger during the periods of 

loess deposition and smaller during the peri ods of soi l fo rmati on in the Loess Plateau. It also 

show millennial-sca le vari ation with the amplitude as large as that of I 0 ky-scale vari ati on. 

AGl tend to be larger during glac ia l stages and small er during interglac ial stages . It also shows 

millennial-sca lc fluctuati on whose amplitude is smaller than that of longer time sca le vari ati on. 

Millennial-sca le mini ma in KGI coinc ide with the minima in Kosa fracti on or lag by as much 

as 2 ky whereas mill ennial-scale max ima in AGI co inc ide exactl y with the minima in Kosa 

fraction. The millennial-scale vari ati on in Kosa fracti on and AGI could be expl ained by the 

changes in coarse arc-deri ved detritus flu x considering nearl y perfect in phase re lationship 

among the three and the large amplitude of coarse arc-deri ved detritus vari ati on within the 

detrita l component which is enough to ex pla in vari ations in Kosa fraction and AGI. Vari ati on 

in KGJ could be contro ll ed by the changes in prox imity to the source area caused by advance 

or retreat of the eastern margin of arid area or by changes in wind intensity. Vari ati on in AG I 
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could be caused by changes in efficiency of latera l transportation of suspended load along 

pycnocl ine in response to var iati on in the strength of sa linity stratifi cat ion of the water column 

in the Japan Sea, or a lternati vely by the changes in ri ver di scharge from the Japanese islands. 

The author estimated MAR of Kosa and arc-deri ved detritus. Kosa MARs were 2 .5 to 

3.0 g/cm2/ky during g lacial maxima which are 2 to 3 times larger than 0 .8 to 1.7 g/cm 2/ky 

during o ther peri ods. Thi s suggests that signifi can tl y larger ex tent of Kosa source area 

developed during glac ial max ima. Arc-deri ved detritus MAR was high between 2 and 2.3 

gicm2/ky during glacial max ima, intermediate at 1.7 g/c m2/ky during substage 5.5 , and low 

between 0.9 and 1.1 g/cm2/ky during o ther peri ods. The high MAR during glac ia l max ima are 

probab ly re lated to enhanced lateral transport of suspended load due to sa linity stratification in 

the Japan Sea. Relati ve ly high MAR of arc-derived detritus during interglacia l peri od suggests 

the increase in river di scharge due to enhanced prec ipitati on on the Japanese islands. 
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Table 2 Major elements composition of all analyzed samples from ODP Site 797. 
T No I-I ole Core Sec Interval LO.J. Si02 Ti02 Al203 Fe203 MoO M CaO Na20 K20 nos Total 
HR I 797A IH I 23 2S 5.61 60.1 0.716 16.9 6.11 0.061 3.17 1.22 1.81 3.41 0.119 99.2 
HR 2 797A IH 2 86 88 13.04 54.0 0.547 13.6 10.50 0.110 2.60 0.84 1.45 2.57 0.129 99.4 
HR 3 797A IH 2 93 9S 8.80 S1.0 0.660 15.7 7.02 0.122 3.02 1.91 1.76 2.86 0.124 99.0 
HR 4 797A IH 2 130 132 9.98 56.8 0.655 15.8 7.20 0.077 3.02 1.15 1.70 3.09 0.128 99.6 
HR S 191A IH 2 137 139 14.01 49.0 0.561 13.6 6.57 0.283 2.52 6.62 1.67 2.65 0.126 97.7 
HR 6 797A IH 2 144 146 8.48 58.3 0.683 16.2 6.81 0.183 3.01 1.13 1.85 3.16 0.124 100.0 
HR 7 797A IH 3 I 3 7.59 59.3 0.689 16.3 6.81 0.093 2.98 0.99 1.81 3.22 0.117 99.9 
HR 8 797A IH 3 8 10 7.95 59.1 0.595 14.9 8.45 0.150 2.61 0.98 1.94 3.07 0.116 99.9 
HR 9 797A IH 3 18 20 7.66 59.1 0.683 16.7 6.48 0.094 2.90 0.97 1.84 3.22 0.121 99.8 
HR 10 797A IH 3 22 24 7.15 S9.9 0.691 16.9 6.06 0.068 2.85 0.99 1.86 3.26 0. 114 99.9 
HR ll 797A IH l 29 31 6.53 60.S 0.682 15.7 7.20 O.o78 3.05 1.09 1.87 3.32 0.121 100.1 
HR 12 797A IH 3 36 38 6.55 60.3 0.689 17.0 5.87 0.088 2.95 1.05 1.91 3.32 0.109 99.9 
HR 13 797A IH l 71 73 7.26 59.5 0.690 17.4 5.75 0.082 2.92 1.08 1.90 3.28 0.113 99.9 
HR 14 797A IH 3 98 100 15.41 S0.6 0.582 14.3 10.41 0.051 1.92 1.34 1.58 2.73 0.121 99.0 
HR 15 797A IH 3 108 110 6.30 59.8 0.726 16.7 6.35 0.186 3.17 1.31 1.76 3.37 0.121 99.8 
HR 16 7978 IH I 17 19 6.81 60.6 0.643 16.5 S.99 0.860 2.57 0.97 1.99 l.OS 0.157 100.2 
HR 17 7978 IH I 23 25 6.68 60.1 0.647 16.7 6.15 0.803 2.58 0.96 1.94 3.09 0.159 99.8 
HR 18 7978 IH I ) I 33 6.89 60.3 0.642 16.7 6.19 1.042 2.54 0.97 1.93 3.03 0.173 100.4 
HR 19 7970 IH I 38 40 7.01 57.6 0.646 15.7 6.15 3.742 2.67 1.01 1.87 3.04 0.179 99.7 
HR 20 7978 IH I 4S 47 7.87 55.0 0.575 14.4 11.45 1.299 2.64 1.05 1.89 2.81 0.546 99.S 
HR 21 7978 IH I S4 S6 9.41 58.9 0.646 16.8 6.32 0.075 2.64 1.09 1.97 3.01 0.178 101.0 
HR 22 7978" IH I S9 61 9.49 57.9 0.658 17.0 5.91 0.119 2.64 1.07 1.93 3.03 0.167 99.9 
HR 23 7978 IH I 66 68 6.33 58.6 0.632 17.6 5.51 0.087 1.90 1.29 3.56 4.44 0.148 100.1 
HR 24 7978 IH I 73 75 9.02 57.8 0.633 17.0 6.21 0.108 2.61 1.06 2.01 3.08 0.156 99.7 
HR 25 7978 IH I 80 82 
HR 26 7978 IH I 87 89 9.45 57.0 0.609 16.2 6.91 0.103 2.66 1.36 1.94 3.02 0.148 99.4 
HR 27 7978 IH I 96 98 15.46 51.9 0.594 15.2 5.34 0.057 2.57 4.06 1.76 2.74 0. 157 99.8 
HR 28 7978 IH I 101 103 9.14 55.1 0.659 15.9 5.91 0.142 2.84 4.74 1.69 3.07 0.136 99.3 
HR 29 7978 IH I 108 110 17.53 41.5 0.491 12.1 4.49 0.061 2.21 17.31 1.23 2.34 0. 105 99.3 
HR 30 7978 IH I 117 119 8.78 55.5 0.664 16.2 6.05 O.D78 2.99 5.12 1.63 3.10 0.128 100.2 
HR 31 7978 IH I 121 123 6.26 58.1 0.707 16.9 6.50 0.094 3.19 1.74 1.74 3.39 0.134 98.8 
HR 32 7978 IH I Ill Ill 5.70 59.8 0.717 16.1 6.78 0.060 3.27 1.47 1.79 3.42 0.138 99.3 
HR 33 7978 IH I 141 143 9.10 S0.6 0.624 14.1 7.19 0.088 7.15 6.57 1.52 2.78 0.122 99.9 
HR 34 7978 IH I 146 148 9.08 51.8 0.623 14.4 7.20 0.092 2.59 5.93 1.64 2.84 0.119 96.3 
HR 3.5 7978 IH 2 0 2 8.26 .53.4 0.676 14.4 6.78 0.075 2.63 5.61 1.66 2.84 0.129 96.S 
HR 36 7978 IH 2 6 8 8.58 52.2 0.647 14.8 7.90 0.081 2.64 4.60 1.61 2.93 0.136 96.2 
HR 37 7978 IH 2 IS 17 8.23 52.3 0.673 14.9 7.98 0.072 2.73 4.7.5 1.64 2.92 0.123 96.3 
HR 38 7978 IH 2 21 23 9.58 .52.1 0.665 14.8 8.31 0.065 2.65 4.42 1.61 2.90 0.122 97.3 
HR 39 7978 IH 2 29 31 9.26 Sl.8 0.696 15.1 6.56 0.063 2.83 4.37 1.68 2.99 0.126 97.4 
HR 40 7978 IH 2 JS 37 7.95 54.4 0.695 15.3 7.44 0.067 2.90 3.66 1.73 3.10 0.122 97.3 
HR 41 7978 IH 2 40 42 8.82 64.9 0.429 1.5.0 4.48 0.064 1.74 1.27 1.69 3.36 0.078 101.8 
HR 42 7978 IH 2 49 Sl 854 63.0 0.413 15.4 4.36 0.063 1.66 1.27 1.66 3.34 0.076 99.8 
HR 43 7978 IH 2 S6 58 7.66 59.2 0.621 1.5.4 6.69 0.057 2.96 1.34 1.81 3.27 0.130 99.1 
HR 44 7978 IH 2 66 68 9.04 54.9 0.652 15.9 9.1 I 0.072 3.04 1.28 1.64 3.22 0.142 99.0 
HR 45 7978 IH 2 70 72 8.62 56.3 0.692 16.1 7.13 0.064 3.12 1.37 1.90 3.34 0.134 98 .8 
HR 46 79711 IH 2 79 81 .5.73 S9.0 0.737 17.4 6.59 0.069 3.30 1.33 1.82 3.52 0.125 99.6 
HR 47 7978 IH 2 84 86 5.16 67.5 0.446 15.2 4.66 0.066 1.81 1.32 253 l.SO 0.081 102.2 
HR 48 7978 IH 2 91 93 5.08 65.4 0.429 14 . .5 4.52 0.065 1.72 1.32 2 . .54 3.46 0.079 99.1 
HR 49 7978 IH 2 100 102 8.4.5 58.7 0.616 16.1 6.63 0.057 2.93 1.33 1.74 3.24 0.129 99.9 
HR .50 7978 IH 2 106 108 8.62 SS.2 0.655 15.4 9.15 0.072 3.05 1.29 1.72 3.24 0.143 985 
HR 51 7978 IH 2 112 114 7.18 57.2 0.703 16.1 7.24 0.065 3.17 1.39 1.75 3.40 0.136 98.4 
HR .52 7978 IH 2 119 121 6.28 58.7 0.733 17.1 6.SS 0.068 3.28 1.32 1.81 350 0. 125 99.S 
HR .53 7978 IH 2 127 129 7.21 57.7 0.667 15.3 8.35 0.073 3.24 1.32 1.71 3.39 0.133 99.1 
HR 54 7978 IH 2 132 134 9.82 57 .0 0.710 16.3 6.44 0.063 3.12 1.31 1.73 l.ll 0.118 99.9 
HR 55 7978 IH 2 138 140 5.56 59.9 0.734 17.0 .6.67 0.066 3.29 1.27 1.77 3.46 0.124 99.8 
HR 56 7978 IH l 0 2 6.27 60.2 0.697 15.6 -6.88 0.062 3.05 1.22 1.80 3.26 0.120 99.1 
HR 57 7978 IH 3 7 9 7.92 58.1 0.673 15.8 7.34 0:080 2.93 1.20 2.06 3.34 0.133 99.6 
HR .58 7978 IH 3 21 23 7.26 60.1 0.701 16.9 6.53 0.076 2.98 1.23 1.91 3.29 0.133 101.1 
HR 59 7978 IH 3 2S 27 10.91 SS.J 0.650 15.4 8.00 0.068 3.02 1.17 1.60 3.09 0.143 99.4 
HR 60 7978 IH l JS 37 5.79 59.9 0.722 16.3 7.02 0.074 3.12 1.25 1.74 3.36 0.121 99.4 
HR 61 7978 IH 3 40 42 5.59 62.6 0.676 15.0 6.48 0.059 2.82 1.27 1.90 3.20 0.118 99.7 
HR 62 7978 IH l 49 51 8.18 58.7 0.705 15 .7 6.87 0.065 3.18 1.46 1.8.5 3.26 0. 139 100.0 
HR 63 7978 IH l S6 58 6.51 59.4 0.72.5 16.3 7.30 0.074 3.27 1.27 1.80 3.48 0.130 100.3 
HR 64 7970 IH l 63 64 
HR 65 7978 IH l 70 72 S.l7 60.3 0.760 16.4 6.49 0.107 3.20 1.29 1.93 l.SO 0.125 99.S 
HR 66 7970 IH l 78 80 5.62 59.4 0.738 16.5 7.06 0.332 3.23 1.35 1.83 l.S6 0.126 99.8 
HR 67 7978 IH l 84 86 6.39 59.4 0.750 17.1 S.90 0.103 3.14 1.26 1.90 3.46 0.128 99.6 
HR 68 7978 IH 3 91 93 .5.41 60.8 0.768 17 .3 S.96 0.097 3.23 1.27 1.85 3.54 0.12.5 100.4 
HR 69 7970 IH l 97 99 7.25 S8.S 0.724 16.1 7.04 0.097 3.19 1.18 1.77 3.46 0.12.5 99.S 
HR 70 7978 IH 3 105 107 3.27 61.6 0.768 17 . .5 6.13 0.102 3.25 1.28 1.96 3.62 0.124 99.6 
HR 71 7978 IH 3 112 114 5.29 59.6 0.757 16.9 5.95 0.081 3.18 1.27 1.89 3.51 0.120 98.5 
HR 72 7978 IH 3 120 121 
HR 73 7978 IH 3 126 128 5.27 60.3 0.752 16.7 6.59 0.094 3.19 1.29 1.89 3.47 0.122 99.6 
HR 74 7978 IH 3131 Ill 11.23 54.6 0.691 16.0 8.15 0.048 2.54 1.03 1.79 2.99 0.132 99.2 
HR 7.5 7978 IH 3 140 142 6. 18 58.9 0.749 16.5 6.91 0.076 3.03 1.42 1.80 l.ll 0.131 99.0 
HR 76 7978 IH 3 147 149 S.66 59.6 0.770 16.7 6.24 0.092 3.22 1.80 1.89 3.47 0.125 99.6 
HR 77 7970 IH 4 4 6 6.86 59.5 0.755 16.9 6.89 0.086 3.18 1.21 1.79 3.41 0.119 100.7 
HR 78 7978 IH 4 II 13 10.9 1 56.8 0.687 16.2 5.91 0.063 2.68 1.11 1.87 3.04 0. 133 99.4 
HR 79 7978 IH 4 18 20 14.78 50.8 0.626 14.8 9.95 0.051 2.28 0.91 1.63 2.78 0.126 98.7 
HR 80 7978 IH 4 24 26 5.62 59.4 0.707 16.8 7.62 0.113 3.09 1.10 1.80 3.30 0.120 99.7 
HR 81 7978 IH 4 32 34 6.30 57.5 0.667 15.8 9.60 0.093 2.91 0.92 1.78 3.07 0.141 98.8 
HR 82 7978 IH 4 39 41 10.81 56.4 0.718 16.4 5.79 0.097 3.01 1.13 1.76 3.28 0.116 99.5 
HR 83 7978 IH 4 49 Sl 9.43 S6.S 0.672 16.1 6.95 0.082 3.01 1.11 1.77 3.02 0.138 98.8 
HR 84 7978 IH 4 53 5S 10.36 51.7 0.592 14.6 7.8.5 0.137 2.67 4.29 1.67 2.71 2.251 98.8 
HR 85 7978 IH 4 60 62 9.30 57.1 0.659 15.7 7.04 0.063 2.92 1.11 1.84 3.09 0.125 99.0 

80 



Table 2 (continuetf) 

T No Hole Core Sec Interval L.O.I. Si02 Ti02 Al203 Fe20 3 MoO MO CaO Na20 K20 P205 Total 
HR 86 7978 IH 4 67 69 11.10 ss.s 0.605 IS .J 7.80 0.076 2.62 1.07 1.91 2.89 0. 135 99.0 
HR 87 7978 IH 4 88 90 6.09 63.3 0.714 17.7 5.50 0.097 3.07 1.25 1.96 3.41 0.11 3 103.2 
HR 88 7978 IH 4 94 96 5.84 61.4 0.730 17.2 5.62 0.098 3.14 1.31 1.97 3.44 0.119 100.9 
HR 89 7978 IH 4 102 104 6.79 58.2 0.7 19 16.4 5.85 0.122 3.25 2.87 1.86 3.35 0.117 99.5 
HR 90 7978 IH 4 109 Ill 5.92 59.5 0.744 16.9 6.05 0.064 3.30 1.40 1.85 3.39 0.11 8 99.3 
HR 91 7978 2H I 17 19 7.54 59.2 0.688 15.6 7.16 0.065 2.88 1.17 1.93 3.20 0. 120 99.6 
HR 92 7978 2H I 24 26 7.34 56.6 0.611 16.4 7.99 0.095 2.41 1.06 2.56 3.55 0 .110 98.7 
HR 93 7978 2H I 32 34 8.23 57.4 0.667 16.9 6.96 0.092 2.85 0 .97 1.84 3.09 0 .117 99.2 
HR 94 7978 2H I 39 41 8.08 57.1 0.670 15.7 7.56 0.082 3.08 1.14 1.88 3.19 0.116 98.5 
HR 95 7978 2H I 53 ss 
HR 96 7978 2H I 60 62 6.42 59.7 0.616 16.0 7.41 0.076 2.68 0.96 2.02 3.22 0.100 99.2 
HR 97 7978 2H I 67 69 tt .:n 56.3 0.649 16.6 5.60 o.oss 2.66 1.01 1.97 3.05 0.118 99.6 
HR 98 7978 2H I 88 90 5.67 59.8 0.708 16.4 6.43 0.145 2.96 1.35 2.19 3.48 0. 124 99.2 
HR 99 7978 2H I 95 97 10.78 56.0 0.627 15.0 7.45 0.086 2.90 1.04 1.70 2.99 0. 106 98.6 
HR 100 7978 2H I 104 106 17.48 42.6 0.487 IU 6.76 0.084 2.02 10.77 1.37 2.15 0.116 95 .3 
HR 101 7978 2H I 109 Ill 8.42 58.0 0.676 15.3 5.72 0.089 2.84 2.93 1.80 3.18 0 .114 99.0 
HR 102 7978 2H I 115111 11.93 49.8 0.567 13.3 5.92 3.434 2.81 5.92 1.53 2.60 0 .154 98.0 
HR 103 7978 2H I 123 125 8.25 57.1 0.661 15 .5 6.91 1.786 3.08 1.58 1.74 3.05 0.136 99.7 
HR 104 7978 2H I 130 132 6.73 60.0 0.680 16.4 6.21 0.197 2.88 1.00 1.86 3.2 1 0.106 99.2 
HR 105 7978 2H I 137 139 7.54 58.1 0.65 1 15.4 8.44 0 .190 2.95 0.96 1.16 3. 11 0.111 99.2 
HR 106 7978 2H I 144 146 14 .06 56.0 0.639 15.2 5.21 0. 144 2 .69 1.03 1.15 3.02 0.099 99.8 
HR 107 7978 2H 2 I 3 6.17 61.3 0.720 11.5 5.82 0.255 3. 14 1.06 1.81 3.33 0.113 101.2 
HR 108 7978 2H 2 8 10 6.04 60.0 0.685 16.8 5.95 0.286 2.94 0.99 1.80 3.27 0.108 98.8 
HR 109 7978 2H 2 17 19 6.40 60.1 0.610 15.7 6.50 0.969 2.92 0.99 1.98 3.22 0.111 99.5 
HR 110 7978 2H 2 22 24 8.3 1 56.0 0.474 14.6 5.37 4.037 2.34 2.03 2.94 3.42 0.195 99.7 
HR Il l 7978 2H 2 30 32 4.16 59.1 0.390 11.6 5.61 0.288 1.23 1.28 5.77 4.94 0.106 100.5 
HR 112 7978 2H 2 36 38 6.96 60.7 0.631 16.3 5.45 0.910 2.87 1.16 1.88 3.08 0.110 100.1 
HR 113 7978 2H 2 42 44 9.75 54.9 0.550 14.5 .5 .29 .5.0 14 2.76 2.18 1.12 2.79 0.160 99.6 
HR 114 7978 2H 2 so 52 9.04 .56.6 0 . .543 14 .6 .5 . .52 4.099 2.70 1.91 1.76 2.84 0.136 99.8 
HR 11.5 7978 2H 2 57 59 5.90 60.3 0.680 17 . .5 6.02 0. 1.59 2.88 0.89 1.93 3.30 0.102 99.6 
HR 116 7978 2H 2 64 66 6. 11 .59.8 0.688 11.8 5.95 0.236 2.93 0.88 1.84 3.29 0.100 99.6 
HR 117 7978 2H 2 71 73 6.05 60.3 0.690 11.1 6.30 0.096 2.90 0.88 2.00 3.27 0.108 100.3 
HR 118 7978 2H 2 79 81 6.26 59.8 0 .68 1 11.5 5.93 0.4 14 2.72 0.93 2.00 3.23 0.112 99.6 
HR 119 7978 2H 2 84 86 5.72 59.5 0.63 1 11.1 7.21 0.095 2.59 0.85 2.48 3.57 0 .105 99.9 
HR 120 7978 2H 2 92 94 6.33 59.2 0 .733 11.1 5.8.5 0.893 3.20 1.33 1.74 3.38 0 .126 99.9 
HR 121 7978 2H 2 98 100 6.00 59.4 0 .742 17.1 5.83 0.633 3.27 1.29 1.81 3.45 0.125 99.7 
HR 122 7978 2H 2 106 108 .5.4 1 60.8 0.75 1 17 .1 6.09 0.183 3.33 1.16 1.79 3.54 0. 125 100.2 
HR 123 7978 2H 2 113 115 .5.1 2 60.9 0.744 17.0 6.04 0.139 3.14 1.27 1.98 3 . .58 0 .128 100.1 
HR 124 7978 2H 2 121 123 5.08 61.1 0.739 16.9 6.31 0.143 3.23 1.03 1.76 3.56 0 .120 100.0 
HR 125 7978 2H 2 127 129 5.29 61.0 0.709 16.4 6.23 0.132 3.10 1.15 1.89 3.53 0. 123 99.6 
HR 126 7978 2H 2 136 138 6.89 58.3 0.709 15.7 7.43 0.082 2.59 1.5.5 2.02 3.33 0. 125 98.7 
HR 127 797 8 2H 2 141 143 7.24 58.3 0.738 16.2 7.26 0.106 2.97 1.37 1.68 3.33 0.134 99.3 
HR 128 7978 2H 2 148 150 6.63 .58.7 0.742 16.3 7.21 0.085 2.89 1.28 1.12 3.27 0.125 98.9 
HR 129 7978 2H 3 s 7 5.63 60.1 0.753 11.1 6.23 0. 141 3.20 1.2 1 1.68 3.54 0. 12 1 99.7 
HR 130 7978 2H 3 II 13 .5 .8.5 60.7 0.739 17.0 6.77 0.335 3.15 1.21 1.74 3.51 0 .130 10 1.1 
HR 131 7978 2H 3 19 21 5 . .53 60.4 0.758 17.1 5.91 0.155 3.33 1.23 1.16 3.60 0.122 99.9 
HR 132 7978 2H 3 24 26 5.59 59.6 0.714 16.2 8.06 0.093 3.22 0.96 1.69 3.54 0.120 99.8 
HR 133 7978 2H 3 33 35 5.30 61.7 0.770 11.6 5.85 0.116 3.29 1.13 1.78 3.59 0.120 10 1.2 
HR 134 7978 2H 3 40 42 5.10 61.1 0.760 11.0 6.00 0.106 3.17 1.04 1.76 3.59 0. 119 99.8 
HR 13.5 7978 2H 3 48 so 6.24 60.2 0.650 16.7 6.55 0.063 2.70 0.87 1.72 3.37 0. 11 2 99.1 
HR 1367978 2H 3 54 56 9.99 53.5 0.668 14 .6 11.42 0.015 2.40 1.38 1.64 3.07 0.113 98.8 
HR 137 7978 2H 3 64 66 8.29 55.9 0.7 11 15.6 9.00 0.084 2.7.5 1.69 1.63 3.12 0.121 98.9 
HR 138 7978 2H 3 7 1 73 8.20 55.1 0.704 1.5.6 8.80 0.085 2.78 2.06 1.63 3. 11 0.119 98.7 
HR 139 797 8 2H 3 79 81 7.70 56.6 0.702 15.9 8.19 0.066 2.73 1.58 1.64 3.2 1 0.119 98.4 
HR 140 7978 2H 3 82 84 7.38 51.9 0 .67.5 16.1 .6.63 0.089 2.78 1.98 2.06 3.33 0.116 99. 1 
HR 141 7978 2H 3 92 94 9.18 52.6 0.579 15.2 -..04 0.072 1.91 2.50 2.59 3.41 0.113 97.2 
HR 142 7978 2H 3 96 98 7.06 58.5 0 .73.5 16.2 7.44 0.178 3. 14 1.33 1.74 3.41 0.120 99.9 
HR 143 7978 2H 3 103 105 6.46 58.8 0.707 15.7 8.53 0. 11 2 2.94 1.14 1.86 3.38 0.111 99.7 
HR 144 7978 2H 3 108 110 5.49 61.4 0.763 16.8 5.80 0.093 3.18 1.25 1. 88 3 . .50 0.125 100.3 
HR 145 7978 2H 3 116 111 
HR 146 7978 2H 3 126 128 5.06 61.1 0 .780 16 . .5 5.76 0.086 3.13 1.21 1.92 3.49 0.123 99.7 
HR 147 7978 2H 3131 133 5.31 61.1 0 .761 16.6 6.37 0.086 3.22 1.18 1.82 3 . .52 0.124 100.1 
HR 148 7978 2H 3 138 140 6.83 60.4 0.746 16.2 6.19 0.070 3.15 1.23 1.79 3.38 0 .121 100.0 
HR 149 7978 2H 3 14.5 147 6.02 60.7 0.748 16.6 6.26 0.090 3.21 1.17 1.76 3.46 0.119 100.2 
HR 150 797B 2H 4 2 4 8.78 57.3 0.67 1 15.6 7.70 0.073 3. 11 1.10 1.72 3.24 0.140 99.5 
HR 15 1 7978 2H 4 9 II 5.78 59.4 0.737 16.4 6.96 0.072 3.28 1.17 1.76 3.55 0.116 99.2 
HR 152 7978 2H 4 16 18 6.42 58 .8 0.708 15.9 7.62 O.D75 3.25 1.17 1.16 3.43 0. 12 1 99.3 
HR 153 7978 2H 4 23 2S 6.70 .58.6 0.731 16.2 1.56 0.071 3.25 1.14 1.71 3.46 0 .124 99.6 
HR 154 7978 2H 32 34 5.49 60.0 0.759 16.5 6.50 0.083 3.28 1.26 1.79 3.52 0.125 99.2 
HR 155 7978 2H 37 39 5.71 59.3 0.752 16.7 6.75 0 .079 3.23 1.21 1.15 3.47 0. 11 9 99.1 
HR 156 7978 2H 46 47 
HR 157 7978 2H 51 53 7.27 58 .0 0.722 16.1 7.42 0.076 3.12 1.13 1.69 3.39 0.129 99.0 
HR 158 7978 2H 58 60 11.76 52.2 0.664 15.3 10.68 0 .054 2.44 0 .87 1.54 3.04 0. 12 1 98.6 
HR 159 7978 2H 65 67 5.61 59.8 0.747 16.8 6.17 0.084 3.25 1.33 1.77 3.52 0.165 99.3 
HR 160 7978 2H 71 73 6.31 58.7 0.714 15.9 7.45 0.130 3.28 1.24 1.73 3.51 0.13 1 99.1 
HR 161 7978 2H 4 79 81 7.16 58 .0 0.731 16.6 6.84 0.078 3.13 1.11 1.74 3.50 0. 123 99.1 
HR 162 7978 2H 4 86 88 8.38 55 .2 0 .689 15.5 6.51 1.711 3.27 2.49 1.63 3.35 0.154 99.0 
HR 163 7978 2H 4 93 95 7.62 56.8 0 .70 1 16.1 6.76 0.358 3.33 1.8 1 1.67 3.47 0. 125 98.8 
HR 164 7978 2H 4 99 101 6.26 58.5 0 .726 16.5 7.19 0.123 3.27 1.10 1.69 3.53 0.117 99.0 
HR 16.5 7978 2H 4 107 109 6.27 58.5 0.748 17.0 6.40 0.123 3.30 1.14 1.71 3.58 0. 11 9 98.8 
HR 166 7978 2H 4 114 116 5.70 59.0 0.760 17.3 6.22 0.105 3.25 1.08 1.78 3 . .53 0.117 98.8 
HR 167 7978 2H 4 121 123 7. 10 55.1 0.698 15.5 10.78 0 .089 2.94 0.99 1.64 3.31 0.111 98.2 
HR 168 7970 2H 4 128 130 6.39 58.9 0.722 16.4 7. 19 0.08.5 3.17 1.08 1.77 3.39 0. 11 6 99.2 
HR 169 7978 2H 4 132 134 8.07 58.1 0.740 16.5 5.90 0.080 3.09 1.1 5 1.87 3.32 0.120 98 .9 
HR 170 7978 2H 4 142 144 11.24 55.9 0.666 15.4 1.11 0.059 2.35 0.88 1.73 2.97 0.121 99.0 
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Table 2 (continued) 

'i"V'DCNo Hole Core Sec lnlerval L.O.I. Si02 Ti02 Al203 1'<203 MnO MO CaO Na20 K20 P205 TOCAI 
HR 171 7978 2H 5 0 2 12.37 53.5 0.667 15.8 8.51 0.053 2.36 0.83 1.61 2.97 0 .119 98.7 
HR 172 7978 2H 5 1 9 6.05 59.3 0.751 17 .1 5.82 0.109 3.34 1.23 1.71 3.50 0.122 99.0 
HR 173 7978 2H 5 16 18 5.53 58.8 0.753 11.1 6.28 0.083 3.35 1.16 1.78 3.54 0.113 98.5 
HR 174 79711 2H 5 21 23 5.39 58.7 0.749 17.0 6.99 0.081 3.37 1.14 1.10 3.52 0.113 98.8 
HR 175 7978 2H 5 29 31 11 .22 55.1 0.658 15.9 6.37 0.093 2.76 1.09 1.85 2.99 0.154 98.8 
HR 176 7978 2H 5 35 37 6.63 58.9 0.721 17.1 6.23 0.092 3.09 1.08 1.86 3.35 0.114 99. 1 
HR 177 7978 2H 5 41 43 5.64 59.2 0.764 17.4 6.32 0 .103 3.32 1.14 1.80 3.50 0.111 99.3 
HR 178 7978 2H 5 49 51 6.88 58.3 0.687 16.6 6.45 0.117 2.94 1.06 1.91 3.26 0.110 98.3 
HR 179 7978 2H 5 56 58 6.77 59.6 0.684 17.0 6.28 0.091 2.86 0.98 1.84 3.15 0.104 99.4 
HR 180 7978 2H 5 62 64 6.71 59.9 0.696 17.3 5.83 OJJ77 2.78 1.02 1.89 3. 18 0.114 99.5 
LR I 7978 IH I 13 15 6.70 60.1 0.645 16.5 6.03 0.814 2.55 0.96 2.29 3.01 0.165 99.8 
LR 2 7978 IH I 44 46 1.50 57.7 0 .627 15 .3 9.17 0.625 2.73 1.01 2.14 2.85 0.265 99.9 
LR 3 7970 IH I 74 16 9.15 57.7 0.627 16.5 6.50 0.153 2.57 LI J 2.22 2.91 0 .154 99.7 
LR 47970 IH I 134 136 9.00 52 .9 0.652 14.4 7.39 0.110 2.71 5.25 1.79 2.82 0 .132 97.1 
LR 5 7970 IH 2 13 15 8.33 55.1 0.693 14.7 1.01 O.o78 2 .79 4 .49 2.04 2.89 0 .132 98.4 
LR 6 7978 IH 2 44 46 8.78 54.3 0.679 15.3 8.02 0.060 2.90 3.44 1.88 3.02 0.125 98.5 
LR 7 7978 IH 2 74 16 5.96 60.0 0.749 17.2 5.91 0.064 3. 15 1.26 2.01 3.39 0.128 99.9 
LR 8 7978 IH 2 104 106 6.68 58.6 0.693 15.9 7.93 0.064 3.28 1.26 1.91 3.32 0.142 99.8 
LR 9 7978 IH 3 13 15 5.69 60.2 0.742 17 .2 6.15 0.064 3.26 1.28 2.22 3.38 0.1 33 100.3 
LR 10 7978 IH 3 44 46 7.68 58.6 0.705 16.5 6.64 0.067 3.08 1.21 2.05 3.23 0.138 99.9 
LR II 7978 IH 3 74 76 5.35 60.8 0.762 17 .0 6.10 0.117 3.25 1.30 2.02 3.43 0.132 100.2 
LR 12 7978 IH 3 104 106 19.04 51.6 0.646 14.7 5.13 0.083 2.73 1.08 1.86 2.92 0. 113 99.9 
LR 13 7978 IIi 3 134 136 13.02 52.5 0.661 15 .4 8.85 0.064 2.67 1.68 1.88 2.82 0.131 99.7 
LR 14 7978 IH 4 13 15 15.16 52.5 0.637 15.0 7.88 0.059 2.60 1.12 1.91 2.71 0 .134 99.7 
LR IS 7978 IH 4 44 46 8.60 58.2 0.693 16.7 6.52 0.012 3.02 1.12 1.77 3.03 0 .136 99.9 
LR 16 7978 IH 4 71 13 12.13 55.1 0.586 14.8 8.49 0.084 2.78 1.02 1.84 2.70 0. 136 99.7 
LR 17 7978 IH 4 104 106 IS. II 52.5 0.643 14 .7 5.51 0.079 2.90 3.91 1.74 2.86 0.110 100. 1 
LR 18 7978 2H I 14 16 6.82 58.7 0.727 17.0 6.68 0.089 3. 15 1.20 2. 14 3.27 0.124 99.9 
LR 19 7978 2H I 44 46 8.30 57 .9 0.669 17.0 6.26 0.116 2.93 1.07 2.07 3.03 0. 11 6 99.5 
LR 20 7978 2H I 102 104 14.58 43.0 0 .461 10.9 6.96 0.089 1.98 11.70 1.57 2.01 0.108 93.4 
LR 21 7978 2H I 134 136 7.42 51.5 0.664 15.6 8.59 0.303 3.17 0.95 1.92 3.01 0.108 99.4 
LR 22 7970 2H 2 14 16 6.33 60.7 0.643 16.3 6.29 0.455 2.95 0.98 2.09 3.15 0.106 100.0 
LR 23 7978 2H 2 102 104 5.70 60.1 0.750 17. 1 5.91 0.332 3.27 1.21 1.88 3.43 0.128 99.8 
LR 24 7978 2H 2 134 136 10.28 56.2 0.671 15.1 7.32 0.131 2.63 1.38 2.42 3.20 0.120 99.5 
LR 25 7978 2H 2 44 46 6.96 60.7 0.622 16.3 5.79 0.367 2.87 1.00 2.02 3.03 0.109 99.8 
LR 26 7978 2H 2 74 76 5.84 60.2 0.670 17 .4 6.81 0.136 2.87 0.88 2.23 3.10 0.108 100.2 
LR 27 7978 2H 3 14 16 5.88 59.8 0.747 16.8 6.36 0.242 3.21 1.29 1.92 3.44 0.130 99.8 
LR 28 79713 2H 3 44 46 5.13 60.9 0.753 17.0 6.05 0.125 3.25 1.12 1.86 3.55 0.128 99.8 
LR 29 7978 2H 3 74 16 11.01 52.3 0.668 14.9 8.48 0.103 2.84 3.30 1.59 2.91 0.121 98.2 
LR 30 7978 2H 3 102 104 6.59 59.4 0.744 16.0 7.12 0.100 3.06 1.40 1.86 3.26 0.124 99.6 
LR 31 7978 2H 3 134 136 5.38 60.8 0.757 16.7 6.33 0.088 3.22 1.18 1.83 3.46 0.123 99.9 
LR 32 7978 2H 4 14 16 6.16 59.7 0.739 16.8 6.5 1 0.080 3.21 1.1 9 1.78 3.42 0. 125 99.8 
LR 33 7978 2H 4 44 46 7.14 59.0 0.709 16.5 6.95 0.084 3.23 1.15 1.72 3.35 0.122 100.0 
LR 34 7978 2H 4 74 16 6.37 59.2 0.709 16.0 7.64 0.084 3.31 1.21 1.67 3.39 0 .126 99.7 
LR 35 7978 2H 4 102 104 6.40 59.0 0.734 16.7 6.82 0.136 3.36 1.16 1.73 3.49 0. 11 8 99.7 
LR 36 7970 2H 4 134 136 7.65 59.6 0.719 15 .8 6.39 0.085 2.90 1.31 1.93 3.15 0. 127 99.7 
LR 37 7978 2H 5 44 46 6.19 59.2 0.707 16.8 7.00 0.284 3.21 1.12 1.85 3.23 0.113 99.7 
LR 38 7970 2H 5 74 16 6.54 60.4 0.663 17.1 5.71 0.072 2.77 0.96 1.91 3.16 0.107 99.4 
LR 39 7978 2H 5 102 104 6.55 58.9 0.709 16.4 6.97 0.146 3.09 1.09 1.83 3.32 0.131 99. 1 
LR 40 7978 2H 5 134 136 6.08 61.0 0.712 16.9 5.62 0.087 2.87 0.94 1.89 3.28 0 .107 99.5 
LRA I 797A IH I 14 16 6.09 60.6 0.732 17.2 6.50 0.068 3.18 1.30 1.99 3.50 0.133 101.3 
LRA 5 797A IH I 134 136 5.51 59.8 0.744 16.7 6.51 0.092 3.20 1.31 1.82 3.49 0.125 99.3 
LRA 8 797A IH 2 74 16 9.53 57.6 0.674 15.3 5.75 0.011 2.85 2.09 1.85 3.11 0.134 99.0 
LRA 16 797A IH 4 14 16 7.0 1 59.7 0.669 16.5 5.63 0.225 3.00 1.01 1.86 3.22 0.111 98.9 
LRA 19 797A IH 4 104 106 6.09 59.2 0.670 17.3 _6.87 0.181 2.87 0.93 1.92 3. 17 0.112 99.2 
LRA 20 797A IH 4 134 136 5.99 59.6 0.739 17 .2 -5.99 0.193 3.28 1.21 1.78 3.51 0.126 99.6 
LRA 23 797A IH 5 74 16 9.05 55.4 0.682 15 .5 8.27 0.125 3.00 1.28 2.04 3.22 0.126 98.8 
LRA 24 797A IH 5 104 106 8.48 56.1 0.666 15 .9 6.49 0.093 2.95 2.29 2.31 3.39 0.123 98.7 
LRA 30 797A IH 6 134 136 5.96 59.2 0.732 16.7 7.16 0.095 3.27 1.05 1.77 3.54 0.121 99.7 
LRA 32 797A IH 1 44 46 8.82 55.7 0.687 15 .9 8.75 0.097 2.97 1.10 1.70 3.20 0.115 99.1 

Max 19.04 67.5 0.780 17.8 11.45 5.014 7.15 17.31 5.11 4.94 2.251 
Min 3.27 41.5 0.390 10 .9 4.36 0.048 1.23 0.83 1.23 2.01 0.076 
Average 7.74 57.9 0.680 16.1 6.83 0.247 2.94 1.70 1.87 3.24 0.136 
Std. Dev. 2.55 3.4 0.069 1.0 1.18 0.629 0.45 1.76 0.35 0.30 0.146 
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Table 3 Biogenic silica (bioSiO,), organic carbon (Org-C), carbonate carbon (Carb-C), 
GRAPE density, dry bulk density (DBD), and content of detntus (Detntus%) 
of all analyzed samples from ODP Site 797. 

TVDe No Hole Core Sec Interval bioSi02 Org-C Carb-C GRAPE DBD(g/cm3) Detritus% 
HR I 797A 1H I 23 25 10 0.47 0.13 1.42 0.53 83 
HR 2 797A IH 2 86 88 15 4.01 0.18 1.32 0.38 71 
HR 3 797A IH 2 93 95 12 1.87 0.28 1.30 0.35 78 
HR 4 797A IH 2 130 132 12 2.77 0.13 1.37 0.45 77 
HR 5 797A IH 2 137 139 14 3.67 1.30 1.38 0.46 66 
HR 6 797A IH 2 144 146 14 1.84 0.07 1.35 0.42 78 
HR 7 797A IH 3 I 3 14 1.41 0.07 1.36 0.44 78 
HR 8 797A IH 3 8 10 13 1.41 0.05 1.39 0.49 78 
HR 9 797A IH 3 18 20 14 1.40 0.07 1.36 0.45 78 
HR 10 797A IH 3 22 24 13 1.13 0.06 1.31 0.37 80 
HR II 797A IH 3 29 31 II 1.24 0.09 1.32 0.37 82 
HR 12 797A IH 3 36 38 13 0.73 0.10 1.36 0.44 80 
HR 13 797A IH 3 71 73 10 1.30 0.08 1.36 0.44 82 
HR 14 797A IH 3 98 100 II 4.20 0.31 1.35 0.43 73 
HR 15 797A IH 3 108 110 8 0.62 0.12 1.44 0.56 85 
HR 16 797B IH I 17 19 14 0.72 0.10 1.32 0.38 78 
HR 17 797B IH I 23 25 14 0.66 0.08 1.26 0.29 79 
HR 18 797B IH I 31 33 15 0.63 0.06 1.24 0.26 78 
HR 19 797B IH I 38 40 II 0.53 O.Q7 1.24 0.26 81 
HR 20 797B IH I 45 47 13 0.97 0.11 1.26 0.30 78 
HR 21 797B IH 1 54 56 13 2.33 0.09 1.26 0.29 77 
HR 22 797B IH I 59 61 12 2.37 0.11 1.23 0.25 78 
HR 23 797B IH 1 66 68 12 1.28 0.07 1.22 0.22 81 
HR 24 797B IH I 73 75 15 2.02 0.10 1.28 0.33 75 
HR 25 797B IH I 80 82 10 1.29 0.33 
HR 26 797B IH 1 87 89 10 2.22 0.15 1.34 0.41 80 
HR 27 797B IH I 96 98 8 4.72 0.79 1.38 0.48 73 
HR 28 797B IH I 101 103 5 0.97 0.91 1.38 0.47 81 
HR 29 797B IH 1 108 110 5 0.52 3.55 1.36 0.44 61 
HR 30 797B IH I 117 119 5 0.53 0.93 1.38 0.47 82 
HR 31 797B IH 1 121 123 4 0.50 0.25 1.31 0.37 89 
HR 32 797B IH I 131 133 5 0.50 0.08 1.47 0.61 89 
HR 33 797B IH I 141 143 5 1.39 0.95 1.43 0.55 81 
HR 34 797B 1H 1 146 148 5 1.26 1.08 1.45 0.58 81 
HR 35 797B IH 2 0 2 4 1.16 1.00 1.45 0.57 83 
HR 36 797B IH 2 6 8 4 1.20 0.75 1.44 0.56 84 
HR 37 797B IH 2 15 17 4 1.24 0.79 1.46 0.60 84 
HR 38 797B IH 2 21 23 4 1~7 0.73 1.46 0.59 83 
HR 39 797B IH 2 29 31 4 1.11 0.78 1.49 0.63 83 
HR 40 797B IH 2 35 37 3 0.81 0.61 1.57 0.75 86 
HR 41 797B IH 2 40 42 4 1.12 0.48 1.51 0.66. 85 
HR 42 797B IH 2 49 51 3 0.95 0.24 1.53 0.69 87 
HR 43 797B IH 2 56 58 4 1.13 0.44 1.51 0.66 86 
HR 44 797B IH 2 66 68 5 1.49 0.36 1.49 0.63 84 
HR 45 797B IH 2 70 72 4 1.72 0.23 1.49 0.64 86 
HR 46 797B IH 2 79 81 4 0.32 0.14 1.48 0.62 89 
HR 47 797B IH 2 84 86 II 0.33 O.D7 1.56 0.74 84 
HR 48 797B IH 2 91 93 4 1.04 0.14 1.55 0.73 90 
HR 49 797B IH 2 100 102 19 1.66 0.16 1.44 0.55 72 
HR 50 797B IH 2 106 108 4 1.66 0.19 1.33 0.39 86 
HR 51 797B IH 2 112 114 3 1.19 0.19 1.44 0.56 88 
HR 52 797B IH 2 119 121 4 0.49 0.19 89 
HR 53 797B 1H 2 127 129 4 1.16 0.19 88 
HR 54 797B 1H 2 132 134 4 0.55 0.18 85 
HR 55 797B IH 2 138 140 4 0.37 0.19 89 
HR 56 797B IH 3 0 2 6 0.62 0.13 87 
HR 57 797B IH 3 7 9 7 1.67 0.14 1.36 0.44 85 
HR 58 797B IH 3 21 23 7 1.30 0.13 1.38 0.47 85 
HR 59 797B IH 3 25 27 5 3.27 0.15 1.42 0.53 84 
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Table 3 (continued) 

Tvoe No Hole Core Sec Interval bioSi02 Org-C Carb-C GRAPE DBD(g/cm3) Detritus% 
HR 60 797B IH 3 35 37 7 0.35 0.16 1.51 0.67 87 
HR 61 797B IH 3 40 42 4 0.42 0.14 1.44 0.56 90 
HR 62 797B IH 3 49 51 6 1.83 0.24 1.43 0.54 85 
HR 63 797B IH 3 56 58 5 0.84 0.16 1.42 0.53 87 
HR 64 797B IH 3 63 64 6 1.39 0.48 
HR 65 797B IH 3 70 72 4 0.36 0.14 !.50 0.66 90 
HR 66 797B IH 3 78 80 5 0.32 0.22 !.50 0.65 88 
HR 67 797B IH 3 84 86 4 0.90 0.14 1.47 0.60 89 
HR 68 797B IH 3 91 93 4 0.34 0.15 1.49 0.63 90 
HR 69 797B IH 3 97 99 5 0.66 0.13 1.49 0.63 87 
HR 70 797B IH 3 105 107 4 0.39 0.17 !.50 0.65 92 
HR 71 797B IH 3 112 114 4 0.30 0.17 !.54 0.70 90 
HR 72 797B IH 3 120 121 4 1.42 0.53 
HR 73 797B IH 3 126 128 5 0.33 0.13 1.46 0.59 89 
HR 74 797B IH 3 131 133 5 3.17 0.11 !.52 0.69 83 
HR 75 797B IH 3 140 142 4 0.71 0.18 1.42 0.53 89 
HR 76 797B IH 3 147 149 4 0.28 0.28 !.50 0.64 89 
HR 77 797B IH 4 4 6 5 0.34 0.14 1.46 0.59 88 
HR 78 797B IH 4 II 13 7 3.25 0.09 1.40 0.50 82 
HR 79 797B IH 4 18 20 7 4.16 0.27 1.42 0.53 77 
HR 80 797B IH 4 24 26 5 0.38 0.15 1.44 0.56 89 
HR 81 797B IH 4 32 34 7 0.49 0.11 1.35 0.43 87 
HR 82 797B IH 4 39 41 6 3.06 0.01 1.33 0.40 83 
HR 83 797B IH 4 49 51 8 2.37 0.00 1.37 0.46 83 
HR 84 797B IH 4 53 55 7 2.30 0.28 1.44 0.56 81 
HR 85 797B IH 4 60 62 7 2.18 0.18 1.43 0.55 82 
HR 86 797B IH 4 67 69 10 2.78 0.19 1.31 0.37 78 
HR 87 797B IH 4 88 90 7 0.39 0.34 1.41 0.52 85 
HR 88 797B IH 4 94 96 7 0.31 0.31 1.46 0.59 86 
HR 89 797B IH 4 102 104 6 0.41 0.53 1.46 0.59 85 
HR 90 797B IH 4 109 Ill 7 0.41 0.19 1.42 0.53 86 
HR 91 797B 2H I 17 19 7 1.47 0.08 1.03 85 
HR 92 797B 2H I 24 26 9 l.OI 0.05 1.28 84 
HR 93 797B 2H I 32 34 7 1.72 0.05 1.42 0.53 85 
HR 94 797B 2H I 39 41 5 1.70 0.12 1.35 0.42 86 
HR 95 797B 2H I 53 55 7 0.44 0.14 1.47 0.61 
HR 96 797B 2H I 60 62 7 0.59 0.10 1.43 0.54 86 
HR 97 797B 2H I 67 69 10 3:'f.2 0.15 1.36 0.44 78 
HR 98 797B 2H I 88 90 9 0.41 0.09 1.42 0.54 85 
HR 99 797B 2H I 95 97 9 2.04 0.10 1.40 0.50 79 
HR 100 797B 2H I 104 106 8 5.01 2.30 1.44 0.56 64 
HR 101 797B 2H I 109 Ill 9 1.43 0.47 !.53 0.69 81 
HR 102 797B 2H I 115 117 8 2.04 !.53 1.45 0.57 73 
HR 103 797B 2H I 123 125 9 1.08 0.34 1.43 0.55 81 
HR 104 797B 2H I 130 132 10 0.89 0.08 1.43 0.55 83 
HR 105 797B 2H I 137 139 8 1.05 0.10 1.36 0.44 84 
HR 106 797B 2H I 144 146 8 0.52 0.13 1.36 0.44 77 
HR 107 797B 2H 2 I 3 9 0.43 0.15 1.39 0.48 84 
HR 108 797B 2H 2 8 10 II 0.42 0.11 1.41 0.52 82 
HR 109 797B 2H 2 17 19 14 0.38 0.19 1.34 0.41 79 
HR 110 797B 2H 2 22 24 15 0.47 0.81 1.31 0.36 73 
HR Ill 797B 2H 2 30 32 12 0.34 0.00 1.39 0.48 84 
HR 112 797B 2H 2 36 38 13 0.75 0.15 1.33 0.40 80 
HR 113 797B 2H 2 42 44 13 0.66 1.03 1.34 0.41 72 
HR 114 797B 2H 2 50 52 14 0.57 0.92 1.35 0.43 73 
HR 115 797B 2H 2 57 59 10 0.56 0.00 1.37 0.45 84 
HR 116 797B 2H 2 64 66 10 0.45 0.09 1.35 0.43 84 
HR 117 797B 2H 2 71 73 9 0.40 0.02 1.37 0.46 85 
HR 118 797B 2H 2 79 81 9 0.52 0.03 1.43 0.54 85 
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Table 3 (continued) 

rvoe No Hole Core Sec Interval bioSi02 Org-C Carb-C GRAPE DBD(g/cm3) Detritus% 
HR 119 797B 2H 2 84 86 9 0.44 0.01 1.35 0.43 85 
HR 120 797B 2H 2 92 94 5 0.57 0.31 1.47 0.61 87 
HR 121 797B 2H 2 98 100 5 0.46 0.24 1.45 0.57 88 
HR 122 797B 2H 2 106 108 5 0.35 0.14 1.54 0.70 89 
HR 123 797B 2H 2 113 115 7 0.30 0.14 1.48 0.62 87 
HR 124 797B 2H 2 121 123 5 0.27 0.06 1.48 0.62 89 
HR 125 797B 2H 2 127 129 6 0.35 0.09 1.49 0.63 88 
HR 126 797B 2H 2 136 138 5 1.23 0.06 1.56 0.74 87 
HR 127 797B 2H 2 141 143 5 1.19 0.09 1.47 0.61 88 
HR 128 797B 2H 2 148 150 4 1.02 0.04 1.63 0.85 89 
HR 129 797B 2H 3 5 7 5 0.41 0.14 1.56 0.74 89 
HR 130 797B 2H 3 II 13 5 0.44 0.14 1.53 0.69 88 
HR 131 797B 2H 3 19 21 5 0.41 0.11 1.52 0.68 89 
HR 132 797B 2H 3 24 26 4 0.43 0.00 1.56 0.75 90 
HR 133 797B 2H 3 33 35 2 0.32 0.09 1.59 0.78 92 
HR 134 797B 2H 3 40 42 3 0.30 0.02 1.57 0.75 92 
HR 135 797B 2H 3 48 50 3 0.95 0.00 1.55 0.72 91 
HR 136 797B 2H 3 54 56 3 1.06 0.05 1.60 0.79 87 
HR 137 797B 2H 3 64 66 2 1.15 O.D7 1.56 0.74 89 
HR 138 797B 2H 3 71 73 2 1.11 0.08 1.59 0.78 89 
HR 139 797B 2H 3 79 81 2 1.24 0.00 1.53 0.69 90 
HR 140 797B 2H 3 82 84 3 1.22 0.14 1.57 0.75 89 
HR 141 797B 2H 3 92 94 3 1.85 0.00 1.50 0.65 88 
HR 142 797B 2H 3 96 98 2 0.87 0.13 1.64 0.85 90 
HR 143 797B 2H 3 103 105 5 0.62 O.D7 1.53 0.70 88 
HR 144 7978 2H 3 108 110 2 0.51 0.10 1.54 0.71 92 
HR 145 7978 2H 3 116 117 2 1.53 0.69 
HR 146 797B 2H 3 126 128 3 0.33 0.14 1.59 0.78 92 
HR 147 797B 2H 3 131 133 2 0.36 0.07 1.55 0.72 92 
HR 148 797B 2H 3 138 140 3 1.23 0.09 1.58 0.76 89 
HR 149 797B 2H 3 145 147 3 0.75 0.11 1.49 0.64 91 
HR 150 7978 2H 4 2 4 3 2.38 0.05 1.39 0.48 88 
HR 151 797B 2H 4 9 II 3 0.56 0.10 1.53 0.70 91 
HR 152 797B 2H 4 16 18 3 0.92 0.11 1.46 0.59 90 
HR 153 797B 2H 4 23 25 4 1.15 0.08 1.44 0.56 89 
HR 154 797B 2H 4 32 34 3 0.47 0.13 1.52 0.68 91 
HR 155 7978 2H 4 37 39 2 0.41 0.09 1.46 0.58 91 
HR 156 797B 2H 4 46 47 3 -' 1.50 0.65 
HR 157 797B 2H 4 51 53 3 1.46 0.03 1.48 0.61 90 
HR 158 7978 2H 4 58 60 3 2.96 0.00 1.52 0.67 85 
HR 159 797B 2H 4 65 67 3 0.56 0.12 1.53 0.69 91 
HR 160 797B 2H 4 71 73 3 0.88 0.10 1.54 0.70 90 
HR 161 7978 2H 4 79 81 3 1.34 0.10 1.52 0.68 90 
HR 162 7978 2H 4 86 88 3 1.22 0.65 1.50 0.65 85 
HR 163 7978 2H 4 93 95 3 1.39 0.26 1.46 0.59 88 
HR 164 7978 2H 4 99 101 4 0.88 0.04 1.48 0.61 90 
HR 165 797B 2H 4 107 109 3 0.87 0.04 1.46 0.58 91 
HR 166 797B 2H 4 114 116 3 0.55 0.00 1.51 0.67 91 
HR 167 7978 2H 4 121 123 6 0.46 0.00 1.48 0.62 87 
HR 168 7978 2H 4 128 130 4 0.91 0.00 1.57 0.76 90 
HR 169 797B 2H 4 132 134 3 1.91 0.04 1.45 0.58 88 
HR 170 7978 2H 4 142 144 4 3.09 0.00 1.45 0.58 84 
HR 171 7978 2H 5 0 2 4 3.51 0.01 1.46 0.59 83 
HR 172 7978 2H 5 7 9 3 0.69 0.08 1.54 0.71 90 
HR 173 797B 2H 5 16 18 3 0.40 0.08 1.52 0.68 91 
HR 174 7978 2H 5 21 23 3 0.38 0.07 1.46 0.58 91 
HR 175 797B 2H 5 29 31 6 3.94 0.01 1.38 0.48 83 
HR 176 797B 2H 5 35 37 4 1.13 0.02 1.45 0.58 90 
HR 177 7978 2H 5 41 43 4 0.46 0.02 1.53 0.69 91 
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Table 3 (continued) 

Tvre No Hole Core Sec Interval bioSi02 Org-C Carb-C GRAPE DBD(Q/cm3) Detritus% 
HR 178 797B 2H 5 49 51 5 1.32 0.04 1.38 0.47 88 
HR 179 797B 2H 5 56 58 6 1.24 0.00 1.37 0.46 87 
HR 180 797B 2H 5 62 64 6 1.22 0.00 1.41 0.51 87 
LR I 797B IH I 13 15 12 0.78 0.07 1.34 0.40 81 
LR 2 797B IH I 44 46 14 1.10 0.08 1.26 0.30 78 
LR 3 797B IH I 74 76 10 2.08 0.09 1.28 0.33 81 
LR 4 797B IH I 134 136 4 1.46 1.10 1.43 0.55 82 
LR 5 797B IH 2 13 15 3 1.12 0.89 1.52 0.68 84 
LR 6 797B IH 2 44 46 4 1.06 0.66 1.57 0.76 84 
LR 7 797B IH 2 74 76 4 0.53 0.18 1.48 0.62 89 
LR 8 797B IH 2 104 106 5 0.96 0.18 1.44 0.55 87 
LR 9 797B IH 3 13 15 4 0.49 0.19 1.44 0.57 89 
LR 10 797B IH 3 44 46 5 1.60 0.15 1.41 0.52 87 
LR II 797B IH 3 74 76 4 0.35 0.17 1.57 0.76 90 
LR 12 797B IH 3 104 106 4 0.51 0.16 1.46 0.59 76 
LR 13 797B IH 3 134 136 5 3.37 0.25 1.49 0.64 80 
LR 14 797B IH 4 13 15 7 4.32 0.12 1.40 0.50 77 
LR 15 797B IH 4 44 46 7 1.82 0.09 1.38 0.47 84 
LR 16 797B IH 4 71 73 9 3.43 0.10 1.33 0.40 79 
LR 17 797B IH 4 104 106 5 0.38 0.77 1.40 0.49 76 
LR 18 797B 2H I 14 16 5 0.76 0.14 0.90 87 
LR 19 797B 2H I 44 46 7 1.75 0.08 1.42 0.53 84 
LR 20 797B 2H I 102 104 II 4.08 2.38 1.44 0.56 64 
LR 21 797B 2H I 134 136 8 0.81 0.03 1.42 0.52 84 
LR 22 797B 2H 2 14 16 12 0.42 0.10 1.38 0.47 82 
LR 23 797B 2H 2 102 104 4 0.38 0.20 1.47 0.61 89 
LR 24 797B 2H 2 134 136 5 1.47 0.20 1.50 0.64 84 
LR 25 797B 2H 2 44 46 13 0.84 0.08 1.37 0.46 80 
LR 26 797B 2H 2 74 76 7 0.40 0.00 1.33 0.40 87 
LR 27 797B 2H 3 14 16 4 0.49 0.18 1.53 0.70 89 
LR 28 797B 2H 3 44 46 4 0.28 0.13 1.60 0.80 90 
LR 29 797B 2H 3 74 76 3 1.31 0.62 1.62 0.83 83 
LR 30 797B 2H 3 102 104 3 0.66 0.19 1.53 0.70 89 
LR 31 797B 2H 3 134 136 4 0.42 0.13 1.48 0.62 91 
LR 32 797B 2H 4 14 16 4 0.73 0.11 1.49 0.64 90 
LR 33 797B 2H 4 44 46 4 1.33 0.10 1.47 0.61 89 
LR 34 797B 2H 4 74 76 4 0.76 0.15 1.55 0.72 89 
LR 35 797B 2H 4 102 104 4 0,.1.9 0.12 1.38 0.47 89 
LR 36 797B 2H 4 134 136 5 1.43 0.14 1.52 0.69 87 
LR 37 797B 2H 5 44 46 7 0.49 0.10 1.51 0.66 87 
LR 38 797B 2H 5 74 76 9 0.95 0.00 1.44 0.56 85 
LR 39 797B 2H 5 102 104 6 0.70 0.11 1.51 0.67 87 
LR 40 797B 2H 5 134 136 8 0.79 0.00 1.46 0.59 86 
LRA I 797A IH I 14 16 3 0.67 0.12 1.27 90 
LRA 5 797A IH I 134 136 3 0.33 0.02 1.52 0.67 91 
LRA 8 797A IH 2 74 76 6 2.29 0.35 1.42 0.53 83 
LRA 16 797A IH 4 14 16 9 0.91 0.08 1.39 0.49 83 
LRA 19 797A IH 4 104 106 6 0.40 0.00 1.40 0.51 88 
LRA 20 797A IH 4 134 136 3 0.39 0.13 1.46 0.59 90 
LRA 23 797A IH 5 74 76 4 1.21 0.00 1.54 0.71 87 
LRA 24 797A IH 5 104 106 4 1.14 0.34 1.47 0.60 86 
LRA 30 797A IH 6 134 136 3 0.50 0.04 1.57 0.75 91 
LRA 32 797A IH 7 44 46 3 1.43 0.10 1.51 0.66 87 

Max 19 5.01 3.55 1.64 0.85 92 
Min 2 0.27 0.00 0.90 0.22 61 
Average 6 1.17 0.23 1.44 0.56 85 
Std. Dev. 4 0.96 0.39 0. 10 0.13 6 
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Table 4 

TH1o: /'.o llo. c~ 

"' I 7Y7A Ill 
IIR 2 191A Ill 
IIR J 7Y7A Ill 
IIR 47'J7A Ill 
IIR S 7<J7A Ill 
IIR 6N7A Ill 
IIR 71<J7A Ill 
IIR 117'J7A Ill 
IIR 9N7A Ill 
IIR IU 7'J7A Ill 
IIR II 7Y7A Ill 
IIR 12 797A Ill 
IIR IJ "N7A Ill 
IIR 14N7A Ill 
IIR IS N7A Ill 
IIR 107978 Ill 
IIR J17Y71l Ill 
IIR 1117')78 Il l 
IIR l'J7\0B Il l 
IIR 20'N7B Ill 
IIR 21 7'J7B Ill 
IIR 22 7':178 Ill 
IIR 237978 "' IIR 24 N7U Ill 
IIR 2~ 7'>178 Ill 
IIR u. 7978 Il l 
IIR 277'>178 Ill 
IIR 2KN7B "' IIR 1'JN78 Ill 
IIR JON7B Ill 
IIR 317'178 Ill 
IIR 327'171} Ill 
IIR 3J1Y7B Ill 
IIR )47')78 Il l 
IIR 3~ 79711 Ill 
IIR 36N7B '" IIR 377978 Ill 
IIR 3117978 Ill 
IIR 397978 I ll 
IIR 407<J7B '" IIR 417'J7B Ill 
IIR 417'}711 Il l 
IIR 4)7')78 '" IIR 447978 '" "' 457976 Ill 
IIR 46 7'}78 Ill 
IIR 477978 '" IIR 4117'.170 '" IIR 4\17'}78 '" IIR SON7B Ill 
IIR 51N7B '" IIR 52N7B '" IIR H7'J7B Ill 
IIR 547970 Ill 
IIR 551')111 Ill 
II R 51\7<)711 "' IIR H1978 Ill 
IIR 5117<178 Ill 

"' WN78 Ill 
IIR 60N7B Ill 

"' f>IN71l Il l 
II R 62N71l '" II R 63197ll Il l 
IIR 647971:1 I ll 

''" 65N7tl '" IIR 667"J7B Ill 
IIR t>77'J7B '" IIR f>KN76 '" I IR W7'J71l '" IIR 7U7'J7 B Ill 
IIR 717'.178 Ill 
IIR 717'J7B '" IIR 7)7')78 Ill 
IIR 747976 '" IIR 75N7B '" IIR 767978 Il l 
IIR 111')1ij '" IIR 7117')78 Ill 
IIR 1'}1\118 Ill 
IIR 11()7')78 Ill 
IIR ~I 7Y78 '" IIR !127'178 Ill 
IIR 107')78 '" IIR X47'J78 '" IIR K57\>7B '" IIR !161Y78 Il l 
IIR K77'J78 '" IIR ~7'}78 '" IIR K'J7'}78 '" IIR '.107')78 '" IIR 'JIN78 211 
IIR ')2N78 211 

"' 937!178 211 
IIR 'J47'J78 211 
IIR 'JS7Y78 211 
IIR %'N78 211 
IIR <}77'J78 211 
IIR !oiii'N78 211 

"' W'N78 211 
IIR mJ'N7B 211 
IIR 1017')78 211 

"' 1027'}78 211 

Mineral composition of al l analyzed samples from ODP Site 797. Total= total 
sum of mineral contents described+ bioSi02 + Org-C. Detrital mineral total is 
sum of contents of smectite through detrital amorphous. 
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Table 4 (continued) 
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Table7 Composition scores of factors calculated by Q-mode factor analysis for all 
analyzed samples using all elements with varimax rotation, and multi-regression 
coefficients calculated by multi-regression analysis of mineral composition to 
the composition loadings. 

actor A actor!I Factor FactorD FactorE Sample AveraR.e wt%~ 
anmaXCornposhon Loadmg 

LOI -12.3 25.3 11.0 11.5 5.3 8.0 
Si02 77.3 38.8 68.7 50.0 52.8 58.0 
Ti02 1.47 0.54 0.0 1 0.57 0.42 0.68 
Al203 25.4 11.8 15.0 12.4 12.2 I6.I 
l'~e203 -0.68 3.20 3.02 26.49 4.46 6.89 
MnO -2.62 -0.63 -0.98 -0.65 13.73 0.26 
MgO 6.71 2.54 -1.05 1.99 3.32 2.95 
CaO -1.46 15.45 -3.27 -7.42 3.00 1.82 
Na20 1.10 1.08 3.93 1.95 1.98 1.87 
K20 5.11 1.82 3.50 2.76 2.45 3.24 
P205 -0.11 0 .11 0.04 0.46 0.39 O.I4 

Multi-regression C~fficient 
Smectite 20 16 18 19 17 I8 
Illite 20 15 12 14 12 I5 
Chlorite(+ Kaolinite) 4 3 3 3 3 3 
Amphiboles 4 I - I I - I I 
Quartz 45 12 -2 4 -I I6 
Feldspars 9 3 4 2 2 4 
detAmorphous 12 20 60 3 1 17 27 
Calcite -4 24 -4 -16 -3 I 
Pyrite -9 3 3 15 -5 I 
Rhodochrosite -7 -4 -5 -5 24 0 
Org-C -5.19 4.56 3.43 5.30 -2.47 I.I8 
bioSi02 -14.5 6.0 24.5 9.0 28.7 6.8 
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Table 8 Varimax composition scores and possible ranges of chemical composition for 
each detrital subcomponent calculated by Q-mode factor analysis for 213 selected 
samples with 6 detrital elements with oblique rotation. Left and right side of 
the ranges correspond to non-negative score limit and non-negative loading 
limit respectively 

Factor 1 Factor 2 Factor 3 Factor 4 
Varim;1~~~~;03 3.9 1.9 3.9 2.7 TI02/AI203 0.05 1 0.032 0.039 0.056 Mg0/AI203 0.24 0.15 0.16 -0.03 Na20/AI203 0.08 0.13 0.17 0.05 K20/AI203 0.24 0.16 0.19 0.14 

l)ossible Range 
SI02/AI203 5.7-4.5 0.0-1.2 8.2-4.3 2.7·3.1 TI02/AI203 0.071-0.058 O.QIS-0.027 0.019-0.038 0.054-0.045 
Mg0/AI203 0.38-0.29 0.10-0. 13 0.00-0. 14 0.00-0.15 Na20/A1203 0.00-0.05 0.16-0.14 0.49-0.20 0.07-0.10 
K20/AI203 0.34-0.28 0.10·0.14 0. 12-0.18 0. 15-0. 19 

Table 9 Mineral composition ranges of each detrital subcomponent calculated by multi
regression analysis of detrital mineral compos1t10n and compost~JOn loadmgs. 
Left and right side of the ranges correspond to nuneral composltton fo r non
negative score limit and non-negative loadmg hnut, respect.Jvely , of each factor. 

(% in detntus) Factor 1 Factor 2 Factor 3 I< actor 4 
Smechte 12 - 1.) 93 - 45 10 - 17 II - l'.J 
Illite 14 - 15 55 - 30 5 - 13 20 - 18 
Chlorite + Kaolinite 3 - 4 12 - 7 1 - 3 4 - 4 
Amphiboles 3 - 2 -9 - -2 3 - 2 3 - 2 
Quartz 34 - 28 -45 - -2 5 - 13 27 - 20 
Feldspars 8 - 7 -3 - 2 -2 - 3 9 - 6 
Detrital Amorphous -3 - 9 105 - 56 101 - 58 36 - 33 
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Table 10 Summary of chemical and mineral compositions, the silt I clay ratio of each 
detrital subcomponent, and their probable origin. See also Table 11 for grain 
size data. 

Factor 1 Factor 2 Factor 3 Factor 4 
Chemical Composition 

Si02/At203 5.7 1.2 8.2 2.7 
Ti02/AI203 0.071 0.027 0.019 0.054 
Mg0/At203 0.38 0.13 0.00 0.00 
Na20/At203 0.00 0.14 0.49 O.D? 
K20/At203 0.34 0.14 0 .12 0 .15 

Mineral Composition(% in detritus) 
Smectite 12 45 10 II 
Illite 14 30 5 20 
Chlorite(+ Kaolinite) 3 7 I 4 
Amphiboles 3 -2 3 3 
Quartz 34 -2 5 27 
Feldspars 8 2 -2 9 
Detrital Amorphous -3 56 101 36 

SiiVCiay Ratio 0.42 0.19 1.2 3.5 

Fine Coarse 
Origin Fine Kosa arc-derived arc-derived Coarse Kosa 

detritus detritus 
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Table 12 

ate o 
~OSl 
Kon 
Kosa 
Kou 
Kosa 
Kosa 
Kosa 
Kosa 
Kosa 
Kosa 
Kosa 
Kou 
Kosa 
Kosa 
Kosa 
Kosa 
KOUl 
Kosa 
Kou 
Kosa 
I'I.OSa. 
Kou 
Kosa 
Arc -derived detntus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived delritus 
Arc-derived detritus 
Arc -derived detritus 
Arc-derived detritus 
Arc-derived deuitus 
Arc -derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived deuitus 
Arc-derived delritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc -derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived delritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived deuitus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived delritus 
Arc-derived delrilus 
Arc-derived delritu5 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc -derived detritus 
Arc-deriveddelrilu5 
Arc-derived detrilus 
Arc-derived detri1us 
Arc-deriveddelrilus 
Arc-deriveddelritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detritus 
Arc-derived detntus 
Arc-deriveddeuuus 
Arc-derived detntus 
Arc-derived detntus 
Arc-derived deuitus 
Arc-derived detritus 
Arc-derived detntus 

Chemical composition of possible source materials. The data included in Kosa 
category are Kosa collected in Japan (n=21) [Inoue and Naruse, 1987, Kanamori 
eta/., 1991]. and air-suspended dust from Gobi (n=3) [Panmgo eta/., 1995], 
whereas the data included in arc-derived detritus category are neritic mudstones 
of the Japan Sea side (n=l95) [/rit10, 1992MS, Sakamoto, unpublished data] . 
Data for various Quaternary tephra (n=8) is from Mach ida and Arai [ 1992] 

am le So Al2 3 To AI 3 M /AI IAI2 3 Al2 Data Source 
Asahikawa\ 4.3 ~ .01 0.22 0. 1 U.l2 Inoue and Naruse (1?~7) 
Hachimntai2 3.7 0 .063 0.14 0 . 17 0.14 Inoue and Naruse { 1987) 
Morioka3 3.1 0 .036 0.22 0.12 0 . 15 Inoue and Naruse(l987) 
Tahda4 3.2 0 .053 0. 18 0. 12 0.15 Inoue and Naruse(l987) o ..... , 3.6 0.037 0. 12 0.12 0.14 Inoue and Naruse (1987) 
Yashiro6-2 4.1 0.076 0 .09 0.09 0.13 Inoue and Naruse (1987) 
Yashiro6-4 3.8 0.055 0.08 0 .09 0 .12 Inoue and Naruse (1987) 
Yashiro6-12 6.7 0.033 0.12 0 .08 0 . 18 Inoue and Naruse(l987) 
Ya.shiro6-21 4.3 0.037 0.09 0 .16 0.16 Inoue IUid Nanua: (1987) 
Asahikawa55 4.3 0.056 0 .22 0 .16 0 . 13 Kanamori eta!. (1991) 
Morioka77 3.1 0 .036 0.22 0 .12 0.15 Kanamori eta!. (1991) 
Takada67 3.2 0 .053 0. 18 0 .12 0 . 15 Kanamori et al. (1991) 
05aka73 0 .058 0. 14 0 .27 Kanamori et al. (1991) 
Osaka77 0 .054 0.17 0 .22 Kanamori et al . (1991) 
Nagoya87 0.32 0.43 0 .38 Kanamori eta!. (1991) 
Wajima88 0 .050 0.19 0.12 0.23 Kanamori et al . (1991) 
Kanaz.awa88 0.046 0 .20 0.06 0.22 Kanamorieta!. (l99 1) 
Nagasaki88 0 .041 0 .22 0 .09 0.22 KanamtHietai. (J991) 
Fukuejima88 0 .045 0.24 O.D2 0 .22 ~~~=~:~: g~g Ylkushima88washed 0 .040 0.24 0 .07 0 . 16 
Yulin92 2.0 g~: g?; 0.16 g~~ Pa.rungoetal.(l992) 
Beijing92 2.7 0.17 Parungoet &! . (1992) 
Lin'a.n92 2.7 0 .046 0 .17 0 . 10 0 .20 Pa.run oetal. 1992 

H30 gg~~ 0.10 0. 1 g:: Inno(l ~~MS) 
SHJI 0 .12 0.16 lrino(I992MS) 
Sll32 0.028 0.10 0 .19 0 .15 lrino( I992MS) 
SHJJa 0 .026 0.08 0.21 0.15 lrino(I992MS) 
SH34 0 .032 0 .11 0. 19 0 .16 lrino(I992MS) 
SH35a. 0 .029 0 .11 0.20 0. 14 lrino(I992MS) 
SH36 0 .035 0 .17 0. 18 0 .14 lrino(J992MS) 
SH37 0 .0)4 0.14 0. 16 0 .14 lrino(I992MS) 
SH38 0 .035 0 .13 0 .17 0.14 lrino(l992MS) 
SH39 0 .032 0.11 0. 18 0 .15 lrino{I992MS) 
SH40 0 .034 0.11 0. 18 0.14 lrino(I992MS) 
SH41a 0 .034 0 .11 0.18 0 .14 lrino(1992MS) 
SH49 0 .038 0 .11 0.17 0 .16 lrino(I992MS) 
SH71 0 .037 0.13 0. 16 0 .15 lrino(I992MS) 
sh-9m 0 .034 0 .11 0 .14 0 .15 lrino(I992MS) 
•hi 0 .034 0 .09 0 .18 0 .14 lrino(I992MS) 
•h6 0 .035 0 .10 0. 17 0 .15 lrino(l992MS) 
shiDln O.Q35 0.09 0.17 0.14 lrino(l992MS) 
MUIII3 0 .035 0.14 0.11 0.14 lrino{I992MS) 
MAl 0.037 0.11 0.13 0.14 lrino(I992MS) 
MA2 0 .037 0 .13 0 .13 0 .15 l rino(l992MS) 
MAl 0 .037 0.13 0.13 0. 14 lrino(I992MS) 
MA4 0 .037 0.12 0.14 0.15 lrino(1992MS) 
MAl 0 .038 0.13 0. 18 0 . 15 lrino(I992MS) 
MA6 O.OJS 0 .12 0.26 0 . 16 lrino(I992MS) 
MA7 0.036 0.12 0 .14 0.15 lrino(I992MS) 
MAS 0.037 0.13 0.16 0.16 lrino(I992MS) 
MA9 0.036 0 .13 0.16 0.16 Irino(I992MS) 
MAIO 0 .036 -' 0 .12 0 .20 0.16 lrino(I992MS) 
MAll 0 .036 0 .14 0 .26 0 . 17 lrino(1992MS) 
MAI2 0 .036 0 .14 0.26 0 .18 1rina(l992MS) 
MA13 0 .030 0 .11 0.24 0 .21 lrino (1992MS) 
MAI4 0 .037 0 .14 0.29 0 . 17 lrina(I992MS) 
MAIS 0 .036 O.IS 0.26 0 . 16 lrina(I992MS) 
MA16 0.036 0 .13 0.20 0. 16 lrina(I992MS) 
MA17 0 .037 0.15 0.25 0.17 lrino(I992MS) 
MAI8 0 .037 0.13 0.25 0.16 lrina(J992MS) 
MAI9 O.QJ8 0 .14 0.20 0 .17 lrino(I992MS) 
MA20 0 .038 0. 13 0.25 0 .17 lrina(I992MS) 
MA21 0 .040 0 .14 0 .20 0 .16 lrino (1992MS) 
MA22 0 .0)7 0.13 0.22 0 .17 lrina(I992MS) 
MA23 0 .037 O.IS ' 0.22 0. 17 lrino(1992MS) 
MA24 0 .036 0 .15 0 .22 0 . 17 Irina(I992MS) 
MA25 O.DJS O.IS 0.20 0 . 17 lrino(1992MS) 
MA26 0.037 0.17 0.27 0 . 17 lrino(I992MS) 
MA27 0 .034 0.16 0.31 0 .18 lrina(I992MS) 
MAJ4 0 .034 0. 12 0.28 0.18 Irina(I992MS) 
MA47 0 .037 0. 14 0.12 0 .14 Irino(I992MS) 
MA48 0 .037 0.15 0.13 0 .15 Irina (1992MS} 
MA49 0 .037 0.1S 0.12 0 .14 lrino(I992MS) 
MASO 0,0]8 0.13 0 .18 0 .15 lrino(I992MS) 
MAS! 0 .036 0.13 0 .20 0 . 16 lrina(1992MS) 
MAS2 O.D35 0.12 0.26 0 . 18 lrino(I992MS) 
MAS) 0 .036 0. 13 0.41 0.18 lrina(I992MS) 
MASS 0 .0)7 0. 14 0.23 0 . 16 Irina (1992MS) 
MAS6 0 .037 0. 14 0.22 0 .16 lrino (1992MS) 
MAS7 0 .037 O. IS 0.22 0 .16 lrina(I992MS) 
MA58 0 .036 0. 14 0.25 0 . 17 lrino{I992MS) 
MA59 0 .036 0.1] 0.2S 0. 17 lrina(I992MS) 
MA60 O.OJS 0 . 12 0.28 0 .18 Irina ( 1992MS) 
MA61 0 .032 0 . 10 0.24 0 .20 lrino(I992MS) 
MA62 0 .035 0.11 0.21 0 .16 lrina(I992MS) 

96 



Table 12 (continued) 

ate o Sam e s; 2JA12 3 T; 21AI203 Mg0/AI203 Na20/AI203 K20/A 2 Data Source 
Arc-derived delritus MA63 0.038 0.14 ~.21 0.16 lrino (1992MS) 
Arc-derived detritus MA64 0.037 0.14 0.20 0.16 lrino(I992MS) 
Arc-derived detritus MAM 0.038 0.1.5 0.1? 0.16 lnno(J992MS) 
Arc-derived detritus MA66 0.037 0.15 0.18 0.16 Inno (1992MS) 
Arc-derived delritus MA67 O.Q38 0.14 0.2'1. 0.16 Irina (1992MS) 
Arc-derived detritus MA68 0.036 0.14 0.28 0.17 Irina (1992MS) 
Arc-derived detritus MA69 O.Q38 0.14 0.26 0.17 lrino(I992MS) 
Arc-derived detritus MA70 O.Q3S 0.13 0.29 0.18 Irina (1992MS) 
Arc-derived detritus MA72 O.Q38 0.14 0.24 0.18 Irina (1992MS) 
Arc-derived delritus MA73 0.037 0.13 0.24 0.18 Ieino (1992MS) 
Arc-derived detritus MA74 0.040 0.14 0.28 0.18 Irina (1992MS) 
Arc-derived detritus MA75 0.039 0.14 0.26 0.17 Irina (1992MS) 
Arc-derived detritus MA76 O.Q3S 0.15 0.19 0.18 lrino{I992MS) 
Arc-derived detritus MA77 0.039 0.15 0.20 0.15 Irina (1992MS) 
Arc-derived detritus MA78 0.041 0.15 0.17 0.14 lrino (1992MS} 
Arc-derived detritus MA79 0.037 0.13 0.18 0.16 lrino (1992MS) 
Arc-derived detritus MA80 0.036 0. 11 0.23 0.17 lrino(I992MS) 
Arc-derived detritus MA92 0.022 om 0.21 0.29 lrino (1992MS) 
Arc-derived detri tus MAI48 0.039 0.14 0.16 0.13 lrino (1992MS) 
Arc-derived detri tus MAl 58 0.037 0.14 0.20 0.16 lrino (1992MS) 
Arc-derived detritus Hill! 0.037 0.11 0.14 0.15 lrino (1992MS) 
Arc-derived detritus MZ11b 0.036 0.12 0.16 0.16 lrino (1992MS) 
Arc-derived detritus MZI3 O.Q38 0.14 0.14 0.16 lrino (1992MS) 
Arc-derived detritus MZII5 0.033 0.09 0.17 0.20 lrino (1992MS} 
Arc-derived detritus Ylll3 0.037 0.06 0.13 0.15 lrino (1992MS) 
Arc-derived detritus VIlli 0.039 0.06 0.15 0.15 Irino (1992MS) 
Arc-derived detritus MZII -lm 0.018 0.05 0.20 0.31 lrino ( 1992MS) 
Arc-derived detritus MZII0.3m 0.033 0.09 0.14 0.15 lrino (1992MS) 
Arc-derived detritus MZII\m 0.040 0.11 0.15 0.15 lrino ( 1992MS) 
Arc-derived detritus MZII2m 0.037 0.12 0.14 0. 16 lrino (1992MS) 
Arc-derived detritus MZII3m O.Q38 0.13 0.15 0.15 lrino(l992MS) 
Arc-derived detritus MZII4rn 0.036 0.12 0.15 0. 15 lrino (1992MS) 
Arc-derived detritus MZII5m 0.037 0.16 0.12 0. 15 lrino ( 1992MS) 
Arc-derived detritus MZ116m 0.039 0.14 0.15 0.16 lrino (1992MS) 
Arc-derived detritus MZ117m 0.042 0.11 0.15 0.14 Jrino (1992MS) 
Arc-derived detritus MZ118m O.Q38 0.11 0.16 0.16 lrino (1992MS) 
Arc-derived detritus MZII9m 0.040 0.10 0.16 0.17 lrino ( 1992MS) 
Arc--derived detritus MZII 10m 0.037 0.12 0.15 0.15 lrino (1992MS) 
Arc-derived detritus MZII 11m 0.037 0.10 0.15 0.15 lrino (1992MS) 
Arc-derived detritus MZIII2m 0.034 0.12 0.15 0.18 lrino(I992MS) 
Arc-derived detri tus MZII13m 0.040 0.14 0.14 0.15 lrino (1992MS) 
Arc-derived detritus MZIII O.Q38 0.14 0.14 0.16 lrino (1992MS) 
Arc-derived detritus MZII\4m 0.038 0.12 0.15 0.15 lrino (1992MS) 
Arc-derived detritus MZII15m 0.041 0.13 0.14 0.17 lrino (1992MS) 
Arc-derived detritus MZII I6m O.Q38 0.10 0.16 0.16 lrino{1992MS) 
Arc-derived detritus MZII17m 0.036 0.12 0. 14 0.16 lrino(1992MS) 
Arc-derived detritus MZ11 18m 0.034 0.12 0.13 0. 17 lrino (1992MS) 
Arc-derived detritus MZII8 0.049 0.09 0. 15 0.15 lrino (1992MS) 
Arc-derived detritus MZI I19m 0.039 0.13 0. 12 0.14 Jrino (1992MS) 
Arc-derived detritus MZII20m 0.037 0.16 0.10 0. 14 lri no (1992MS) 
Arc-derived detritus MZII2lm 0.037 0.15 0.10 0. 15 lri no(1992MS) 
Arc-derived detritus MZII22m 0.037 0. 14 0. 11 0. 14 lrino(1992MS) 
Arc-derived detri tus MZIII 3 0.037 0.14 0. 11 0.13 lrino (1992MS) 
Arc-derived detritus MZII 23m 0.036 0.14 0.11 0.14 lrino(1992MS) 
Arc-derived detritus MZJI24m 0.037 0.12 0. 15 0.14 lrino (1992MS) 
Arc-derived detritus MZIII25m 0.034 <us 0. 11 0. 14 lrino (1992MS) 
Arc-derived detritus MZIII26m 0.035 0.15 0.09 0. 14 lrino (1992MS) 
Arc-derived detritus MZIII27m 0.032 0.13 0.11 0.16 lrino (1992MS) 
Arc-derived detritus MZIII28m 0.039 0.14 0.12 0. 14 lrino(1992MS) 
Arc-derived detritus MZIII29m O.Q38 0.15 0.12 0. 14 lrino (1992MS) 
Arc-derived detritus MZII I30m 0.033 0.10 0.15 0. 15 lrino (1992MS) 
Arc-derived detritus MZ111 31m 0.032 0.14 0. 14 0. 19 lrino (1992MS) 
Arc-derived detritus MZIII32m 0.029 0.13 0. 14 0.19 lrino (1992MS) 
Arc-derived detritus MZII I33m 0.039 0.14 0. 13 0. 16 lrino (1992MS) 
Arc-derived detri tus MZIII34m O.Q38 0.16 0.11 0. 14 lri no (1992 MS) 
Arc-derived detritus MZIII35m O.Q38 0.15 0.10 0. 14 lrino (1992MS) 
Arc-derived detritus MZII I36m 0.043 0.1 1 0. 11 0.15 lrino (1992MS) 
Arc-derived detritus MZIII37m 0.040 0.08 0.13 0.13 lrino (1992MS) 
Arc-derived detritus MZIII38m 0.040 0.12 0. 10 0.13 lrino (1992MS) 
Arc-derived detritus MZIII39m 0.036 0.14 0.10 0.13 lrino (1992MS) 
Arc-derived detritus MZIII40m 0.037 0.12 0.07 0.11 lrino(I992MS) 
Arc-derived detritus MZIII4\m 0.037 0.15 om 0.11 lrino(I992MS) 
Arc-derived detritus MZIII42m 0.040 0.15 0.09 0.12 lrino ( 1992MS) 
Arc-derived detritus MZIII43m 0.040 0.14 0.09 0.12 lrino (1992MS) 
Arc-derived detri tus MZIII44m 0.037 0.12 om 0.12 lrino (1992MS) 
Arc-derived detritus MZIII45m 0.045 0.12 0.08 0.11 lrino (1992MS) 
Arc-derived detritus MZIII46m O.Q38 0.11 0.08 0.11 lrino (1992MS) 
Arc·derived detritus MZIII47m 0.040 0.13 0. 10 0.13 Irino (1992MS) 
Arc-derived detritus MZIII48m O.Q38 0.15 0.08 0. 12 

:~~~':::~~~~ Arc-derived detritus MZIII49m 0.039 0.15 0.09 0.12 
Arc--derived detritus WKJ02 O.Q38 0.13 ~12 0.18 Sakamoto (1994MS) 
Arc-derived detritus WKIOI 0.040 0.12 0.07 0.16 Sakamoto ( 1994MS) 
Arc-derived detritus WK97 0.037 0.11 0.07 0.14 Sakamoto ( 1994MS) 
Arc-derived detritus WK94 0.037 0.1 1 0.07 0.13 Sakamoto (1994MS) 
Arc-derived detritus WK92 0.037 0.15 0. 10 0.19 Sakamoto (1994MS) 
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Table 12 (continuetl) 

Cate o SamDTe Si02/AJ203 Ti021A1203 M 0/AI203 Na20/Al203 K20/AI203 Data Source 
Arc-derived detritus WK90 O.D38 0.13 O.Q7 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK88 O.D38 0 .11 0.06 0.14 Sakamoto {1994MS) 
Arc-derived detritus WK86 0.033 0.08 O.Q7 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK84 0.040 0.09 0.05 0.13 Sakamoto (1994MS) 
Arc-derived detritus WK82 0.036 0.10 0.06 0.13 Sakamoto {1994MS) 
Arc-derived detritus WK80 0.037 0.11 0.05 0.12 Sakamoto (1994MS) 
Arc-derived detritus WK78 O.D38 0.15 0.06 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK74 0.032 O.lO 0.08 0.15 Sakamoto ( 1994MS) 
Arc-derived detritus WK72 0.039 0.08 0.07 0.14 Sakamoto ( 1994MS) 
Arc-derived detritus WK70 0.041 0.10 0.07 0.16 Sakamoto ( 1994MS) 
Arc-derived detritus WK68 0.041 0.09 0.07 0.15 Sakamoto (1994MS) 
Arc-derived detritus WK66 0.035 0.09 0.05 0.11 Sakamoto (1994MS) 
Arc-derived detritus WK63 O.D38 0.09 0.06 0.13 Sakamoto (1994MS) 
Arc-derived detritus WK59 0.037 0.12 0.06 0.14 Sakamoto (l994MS) 
Arc-derived detritus WK57 0.039 0.09 0.06 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK55 0.037 0.09 0.06 0.13 Sakamoto (1994MS) 
Arc-derived detritus WK53 0.035 0.10 0.05 0.11 Sakamoto (1994MS) 
Arc-derived detritus WK51 0.039 0.11 0.06 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK49 0.036 0.16 0.07 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK47 0.036 0.15 0.06 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK45 0.037 0.10 0.06 0.14 Sakamoto (1994MS) 
Arc-derived detritus WK43 0.038 0.13 0.07 0. 15 Sakamoto (1994MS) 
Arc-derived detritus WK41 0.040 0.10 0.05 0.12 Sakamoto (l994MS) 
Arc-derived detritus WK35 0.038 0.11 0.06 0.14 Sakamoto ( 1994MS) 
Arc-derived detritus WK33 O.Q38 0.10 0.06 0. 13 Sakamoto ( 1994MS) 
Arc-derived detritus WK31 0.036 0. 13 0.07 0.14 Sakamoto ( 1994MS) 
Arc-derived detritus WK28 0.036 0.16 0.07 0. 13 Sakamoto ( 1994MS) 
Arc-derived detritus WK26 0.040 0. 12 0.08 0.15 Sakammo ( 1994MS) 
Arc-derived detritus WK24 0.037 0. 15 0.08 0.13 Sakamoto ( 1994MS) 
Arc-derived detritus WK22 0.036 0. 14 0.07 0.13 Sakamoto( I994MS) 
Arc-derived detritus WK20 O.D38 0. 19 0.09 0.15 Sakamoto (1994MS) 
Arc-derived detritus WK18 0.039 0. 14 0.07 0. 14 Sakamoto (1994MS) 
Arc-derived detritus WK16 0.040 0.13 0.07 0. 15 Sakamoto ( 1994MS) 
Arc-derived detritus WK14 0.038 0. 13 0.08 0. 14 Sakamoto ( 1994MS) 
Arc-derived detritus WK12 0.035 0. 14 0.08 0.13 Sakamoto ( 1994MS) 
Arc-derived detritus WKIO 0.037 0. 14 0.10 0. 13 Sakamoto ( 1994MS) 
Arc-derived detritus WK8 0.038 0. 14 0. 10 0. 14 Sakamoto ( 1994 MS) 
Arc-derived detritus WK4 O.Q38 0. 15 0.09 0. 14 Sakamoto (1994MS) 
Arc-derived detritus WK2 0.038 0.14 0.08 0. 13 Sakamoto (1994MS) 
Arc-derived detritus WKSI8 0.037 0. 10 0.05 0. 11 Sa.ka.moto( I994MS) 
Arc-derived detritus W KS19 0.037 0.10 O.Q7 0. 12 Sakamoto ( 1994 MS) 
Arc-derived detritus WKS20 0.041 0.13 0.06 0.15 Sakamo10( !994MS) 
Arc-derived detritus W KS21 0.041 0.10 0.08 0.13 Sakamoto ( 1994MS) 
Arc-derived detritus WKS22 0.040 0.14 0.06 0. 14 Sakamoto ( 1994 MS) 
Arc-derived detritus W KS23 0.036 0.10 O.Q7 0.13 Sakamoto ( 1994 MS) 
Arc-derived detri tus W KS24 0.036 0.13 O.Q3 0.10 ~~:~:~ g ~~:~~) Arc-derived detritus W KS25 0043 0. 11 0.05 0. 13 
Tephra K-Ah 5.8 0.042 0.04 0.25 0.23 Machida & Arai (1992) 
Tephra AT 6.4 0.0 11 0.01 0.30 0.29 Machida & Arai (1992) 
Tephra Ata 5.8 0.037 0.04 0.29 0.20 Machida & Arai (1992} 
Tephra Toya 6.2 0.004 0.00 0.34 0.20 Machida & Arai (1992) 
Tephra Aso-3 4.7 0.043 0.04 0.30 0.27 Machida & Arai (1992) 
T ephra Kc- Hb 6.6 0.029 O.Q3 0.37 0. 16 Machida & Arai (1992) 

i~~~~: U-Oic.i 3.0 0.0 14 0.01 0.38 0 .26 Machida & Arai (1992) 
B-Tm 6.9 0.023 0.00 0.42 0.43 Machida & Arai 1992 
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Table 13 

Typo No. 

LR I 
IIR " IIR " IIR " II R " LR 2 
IIR 20 
IIR 21 
II R 22 
II R 2J 
IIR "' I.R 3 
IIR 25 
IIR " IIR 21 
IIR "' IIR , 
IIR ,. 
IIR Jl 
II R 32 
LR ' II R 33 
IIR ,.. 
IIR JS 
II R ... 
LR ' IIR 31 
IIR " "" " IIR " IIR " LR ' IIR " IIR " IIR " IIR " LR 1 
IIR " IIR " "" "' "" " LR K 
IIR so 
lilt " IIR " IIR SJ 
IIR ,.. 
IIR " IIR " LRA I 
IIR " IIR I 
LR ' IIR 5K 
IIR " IIR " "" 61 
LR 10 
IIR " "" 6J 
IIR ... 
"" " ... II 

"" li6 
IIR " "" " "" " ... 12 

"" 10 

"" 11 
IIR 12 

LRA ' "" 13 

"" " ... IJ 

"" 1S 
IIR " IIR 11 
IIR " ... " "" " IIR 110 
II R " IIR " LR " II R " "" .. 
II R " I.RA ' IIR 116 
LR " 

Composition loadings of each detrital subcomponent, Kosa fraction, Kosa grain 
size index (KG I), and arc-derived detritus grain size index (AGI) for each 
sample. 

!-1nt~rc- Coan.t'arc-
Hole Core St-c lnteru1l Depth A•• Fine Kosa Coorst Kosa dtrin'<ldl'lritusdcrheddetri tus KO!>II Fn~ction KG I AG I 

lcmb~O (ka) t"-lnd"tritus) ('l.\ndetritu.sl ('lolndl'lritus) l""lndNri tw. ) ('l.lndetritw.) 
7978 Ill I IJ IS IJ 0.0 32 9 21 32 " n.21 o.ss 
7!178 Ill I " " " tl.O )) 10 " " 47 11.21 11.46 
7!178 Ill I 2J 25 23 11.11 " II '" " 49 11.22 UA2 
797H Ill I Jl JJ .. I.K )) II .. 21 " u.n 0.42 
7978 Ill I " 40 l1 2.9 4l 9 26 " " 0,17 0.46 
7!17B Ill I " ... 4) 3.K JK 6 ., 26 " 013 0.<6 
71178 Ill I " " " •. o " ' " " " O.OK 0.46 
7978 Ill I ,.. 

" " >.2 " 10 .. 23 " 11.21 0,4) 
7!17H Ill I " 61 " 6.0 " II .. .. '" U.23 11.40 
7Y7B Ill I li6 " 64 7.1 
7!178 Ill I 13 15 '" IHl l1 Ill 36 " 47 0.21 0.33 
797H Ill I 14 " 11 K.2 32 K 26 " ., UIIJ 0.56 
7117U Ill I 110 "' 11 9.1 
7117H Ill I " " " Hl.2 39 6 21 " " Ull U.S I 
7!178 Ill I .. " 92 11.4 " 1 21 ,, 

'" OIS (1.47 
7978 Ill I 101 103 91 12.3 " ' " 23 " 0.14 11..52 
7!17H Ill I I" 110 lll4 1).5 '' 6 " .. " 0,11 0.46 
7117 1J Ill I 117 119 112 IS .O ~· 6 " " " 0.11 0.50 
71178 Ill I 121 12J 116 15.7 " 6 22 21 " 0,10 U.4'J 
71178 Ill I Ill IJ3 126 11.4 , 

' 20 23 " tlti'J 0.54 
7971J Ill I IJ.l 136 12K 11.1 .. K .. ,. 

" 0.16 11.511 
7'178 Ill I 141 1<3 "' 111 .5 
71178 Ill I 146 1-IK 14() 19.1 46 9 20 26 " 11.16 11.56 
7'JI7H Ill 2 0 2 144 ]1.).5 " )) " " " 0.20 11.511 
7!178 Ill 2 6 K 149 20.1 41 "' 21 23 " CUI! 0.53 
7111H Ill 2 IJ IS "6 20.9 41 . 19 31 "' 11.17 11.61 
71178 Ill 2 " 11 15K 2l.J 41 II 21 21 " tl.lll U.>O 
797H Ill 2 21 23 164 2UI 41 " 20 23 " O.IIJ 11.54 
7!17H Ill 2 29 Jl 111 22.6 4K Ill 20 22 " 0. 111 11.53 
71178 Ill 2 JS )) 111 23.3 4K 9 lU 23 " 11.16 11.54 
7117H Ill 2 " " '" 23 .1} 
7117H Ill 2 " " IK6 24.3 " 1 21 26 " 11. 14 11.55 
7!17H '" 2 " " 1 .. ) 24.11 
7117K Ill 2 ,. 

" 197 25.6 411 2 11 JJ '" Uti) t1.6S 
7117H Ill 2 .. " ·~ 26.5 " 4 23 20 " U.UK 0.47 
7!17H '" 2 10 12 21() 27.0 " ' 23 23 " O,{)IJ IUO 
71171J Ill 2 " 16 214 27.4 " K 21 26 " 0.15 0.54 
7117H Ill 2 " " 219 21!.0 " 6 23 19 " 11. 11 0.46 
7<J7H Ill 2 .. 116 224 211.5 
797H Ill 2 " 93 2JQ 2\Ul 
7117H Ill 2 100 102 239 31.11 " 4 "' 4 ,. 11.116 0.1)1) 
71178 Ill 2 10< 106 243 32.6 "' l , 

" " 11.1)6 ll.H 
71178 Ill 2 106 IOK "' 33.1 " 4 21 24 " 0,07 0.52 
7!17H Ill 2 "' 114 2><J 34.2 " ' 21 , 

" ()U') U.S I 
7!17H Ill 2 119 121 "' 35.7 " 6 " >• " 0.11 0,411 
7117K Ill 2 121 129 26S 37.4 " 2 20 ,, 

" II .til 0.54 
797H Ill 2 Ill IJ.l 269 311.3 " 1 " 20 " tl.12 0.49 
7!117H Ill 2 IJK 1<0 "' 39.6 " 6 21 21 " 0.11 U.S I 
7117 K Ill 3 0 2 2K6 42.0 " 6 19 " " 0. 11 0.51!. 
7'17A Ill I " 16 "' 43.1 " ; " " " 0.15 O.l7 
7!17H Ill 3 1 ' 293 0 .5 44 ' 24 " " U.ll 053 
1117A Ill I lJ 25 "' 44.4 " 1 " " " 012 0,34 
797H Ill 3 IJ IS 299 .... .... 6 , 

" " 012 0.56 
7'17H "' J 21 2J 306 46.3 4' K " " " 0.15 0.54 
7Y7 H Ill 3 " 21 310 47.2 " ' " 23 " u.cm 0.53 
7Y7 H Ill 3 " 31 320 49.4 " K " .. " O.IJ tl .4'J 
7Y7U Ill 3 40 " "' 50.2 44 6 )J 36 ., 0.13 U.7J 
7Y7 H Ill 3 " " J2K Sl.l 44 6 " " 

., C1.12 0.57 
7Y7H I ll 3 " " JlJ 52.2 '" '-' " " " U.Hl U.S3 
191U Ill 3 " "' 34U 53.7 " 6 " .. " II. In 0.4K 
797H Ill 3 6J "' "' S4.K 
797 H Ill 3 10 12 "' 56.5 49 K 20 23 " 0.14 0.54 
797H Ill 3 " " "' 57.4 " 1 "' 26 " (\,14 0.56 
7Y7H Ill 3 " 110 361 SK.J " 1 " .. " 0.12 11.41! 
797H Ill 3 "' 116 366 S'J.4 .. ; " 22 ,. t1.1S 0.52 
797H Ill J " " 313 60.9 ., y " " " 11.1S II.Stl 
797H Ill 3 " 9'J )19 62.2 " 1 " 

., ,. 0.11 CI.4K 
797H Ill 3 I" Ill. "' 6).5 44 1 23 " " U.1S 0.54 
7117U Ill 3 lOS 107 3K6 63.7 4K K " " " 0.14 0.51 
7117U Ill 3 Ill II' 3Y3 65.2 .. K " " " 0. 15 U.S I 
7Y7H Ill 3 120 I:!. I .. 66.K 
79711. Ill I IJ.l 136 411S 67.11 " "' 26 IJ 6) 0.17 0.)3 
7Y7 H Ill J 126 1211 ·~ 6>1.1 49 ' 21 " " 014 0.52 
797 U Ill 3 IJI IJ3 'II 69.2 41 " " 23 " 11.26 0.52 
797U Ill 3 IJ.l 136 '" 6'>1.11 " 10 " 26 " U.I'J 0.52 
797 H Ill 3 1<0 IH '"' 71.1 4K )0 .. " " U.IK U.S2 
797 H Ill 3 '" 140 <26 72.4 49 9 " " " II. IS II.Stl 
797 H Ill ' ' ' "' 73.9 '" 9 " .. " IUS 11.411 
797 H Ill ' II IJ .. 1 75.0 " II 22 " " 11.22 U.SJ 
797 H Ill ' IJ " 441 7S.2 4() ; " 

, 49 U.J'>I ll.52 
7Y7H Ill ' " 20 "' 1H "' " 24 ,. 56 U.2K 11.46 
797 U Ill ' " 26 '" 76.\1 4K 1 " " " 11.1) 0.54 
7117H Ill ' 32 ,.. 46<1 7K.I " 1 " " " 11.13 11.54 
797H Ill ' J9 " "' 79. 1 " 9 24 IK " 1116 0.4] 
797 8 Ill ' " ... 4)1 79il " K 22 23 " 0.14 ti.SI 
7Y7H Ill ' " " 476 i10.6 4K 1 " 21 " 0.12 "" 1117H Ill ' " " 4g() iiU ,, 6 " " " U.ll ll.Sil 
7Y7H Ill ' .. " 4K6 112.2 " 6 23 " " 0.12 0.52 
797A Ill 2 " " 4K9 K2.7 " "' 21 16 " U.IK 0.37 
797H Ill ' " " "' KJ.J ., 6 26 , 

" 11.13 U.S I 
797H Ill ' 11 13 "' KJ.'J 43 3 " )) " 11.116 051 



Table 13 (cominued) 

l"i n.t>an·· (Oil!'M'IIrt• 
T y()f No. Holt Core Sec lnt r rYIII Depth .,. Fine Kou C011rst Kou deri veddelril w; derileddctrhw; Kou. J."ractioo KG I AG I 

lcn1bsO (ka) ( 'J.o lndctri tud ('l> In de(ritu~) ('l> indl.'( r itud ('loin detrit us) ('Ko in d l.'( rit u~) 

"" 2 797A Ill 2 .. .. ""' 114.2 " . " " " 0.011 0.34 

"" J 797A Ill 2 " " ''" 115.2 " 6 " 17 " U. ll lUll 

"" " 7117 11 Ill . .. ,. 
"' ..... ,, 7 " 17 " 0 .14 11.56 

"" .. 79711 Ill • " .. '" 117.3 " 7 " " 
,. 0.14 U.S I 

"" 
., 797H Il l . 102 II).& 526 1111.4 su 6 ,. 

~· S6 U. IO 0. 46 
LR 17 79711 Il l . "'' 106 '" IIIU:C " 6 22 24 SJ U.Hl U.52 

"" 
,. 797 11 Ill . 10> Il l m IIY.S " 7 " " " 0 .12 0 .43 

"" . 7'J7A Ill 2 130 132 '" '}()_') " 6 .. " S7 tUU U.)l 

"" s 797A Il l 2 >37 130 S<V 92. 1 .. 6 37 II SJ IU 1 U.2l 

"" • 797A Ill 2 1 ... 1 .. '" YJ.2 .. ' 31 " S6 0 .14 U.2'J 

"" 7 797A Il l J I J 563 'JU ., 
' )I II S7 11.15 0.27 

"" ' 797A Il l J ' 10 570 YH ., s 16 17 .. tU O 0.51 

"" v 7'J7A Il l J " 20 '" "·' " v )I I) S6 U. l 7 0.30 

"" 10 7'J7A Ill J 22 " '" Y7.6 ., 10 "' " " 11.19 O.JS 

"" II 797A Ill J " 31 SV2 'JII ,II " 6 " » " 111 0 11.44 

"" ll 797A Il l J 36 " ""' 100. 1 .. ' .. " 
,. IUS 11.35 

LR " 79711 211 I " " "" ltXl.7 " 7 23 17 su O. IJ 0.53 

"" 91 79711 211 I 17 " "" 101.2 ., 
' » 17 " tl. l4 0 .57 

"" " 711711 211 I ,.. 
" 6 " 102.3 

"" " 797B 211 ) " " 622 IOJ . .'i " ' 
,. 

" " 0 .16 0 .51 

"" .. 7Y78 211 ) JV " 62'J 104.7 " . " 26 " 11.011 0.54 
LH " 7!171! 211 I ... .. 633 105.3 ., 6 " " .. 11.14 U.SJ 

"" I) 7Y7A Il l J 7> 7J 634 105.4 .. v " IV S3 ll. l7 0.40 

"" " 7!17 1! 211 ) 53 " 642 106.7 

"" " 797 ll 211 ) 60 62 64~ 107.11 ., s " 3S .. IUU 11.63 

"" " 7!17 1! 211 ) 67 " 656 l!lK.'J JV v " " " 0.1!.1 U.46 

"" " 7!17A Il l J " 100 '" 1()1).4 3S " 26 IV " OJS 0.42 

"" IS 797A Ill J 1 .. 11 0 "" 110.11 " ' " 16 " 0.13 11.40 

"" " 7\17 6 2>1 I .. ,. 676 111.7 " 7 26 " su 0 ,]4 0 .49 

"" .. 7978 211 I " V7 "' 112.6 " s " " ,. ().011 11.46 
LH 20 797 1! 211 I 102 II).& 6KY I I ) ,) " 6 " " .. IUS 050 

"" 100 7\17ll 211 I 10. 106 6'! 1 11 3.5 " v 26 23 " lUll 11.47 

"" 101 7978 211 I 109 Ill "' 114.1 47 ' 23 " " 0.15 0 .49 

"" 102 7978 211 ) liS 11 7 7u2 114.11 " 2 " " " ll.UJ 0.<6 

"" 103 7971! 211 I 123 "' 710 115.7 " s " 20 " O.llll 0 .44 

"" II).& 7117H 211 I 130 132 716 116.4 ,, 
' " 23 S3 IUS 0.411 

LH " 7Y71l 211 I 13< 136 720 116.9 " J " " " 0.116 0 .49 
II R lOS 7Y7ll 211 ) 131 I" 72l 117.3 " s 22 2< ,. U.i)l) 0 .52 

LHA 16 7117A I >I • " " 72l 117.3 47 ' 32 I) " U. l4 ttl') 

"" "" 7Y7 ll 211 I 1 .. 1 .. no 1111.1 ,, 
' " " S3 0 .15 0 .5 1 

"" 107 1918 211 2 I J 737 1111.9 " ' " " S1 11.14 0.4) 

"" 1 .. 71171l 211 2 ' 10 "' 119.6 " ' 27 " S6 II. IS 11.40 
I.H 22 7117 H 211 2 " " 7<0 120.3 ., . 27 " .. U.IJII U.S I 

"" 10> 797 B 2>1 2 17 " 752 120.7 ., 2 2V " " 0.03 0.46 

"" 11 0 797 11 211 2 " 
,. 757 121.3 

"" Il l 7971l 211 2 )() 32 765 122.2 
II R 112 7971:1 211 2 36 " "' 122.9 .. s 27 ,. 

" Cl.IU 0 ,411 

"" Il l 797 8 211 2 " " 776 123.5 47 0 30 " " 11.0(1 0 ,43 
LH " 797 H 211 2 .. .. 17M 123.7 " ) 27 " 4S (I.( )I' U.S I 

"" II< 797 8 211 2 so " 7K4 124.4 4S 0 2V 26 4S 0.(~ ) 0.411 

"" liS 797 8 2>1 ' S7 " N l 125.3 " ' " " " 0.17 0 .43 

"" "' 7971l lll ' .. .. 79~ 126.1 " ' 27 " " 0.17 0.4 1 
II R 11 7 797K 211 2 71 7J .... 126.~ " v 26 ,. su 0.17 0.47 

LHA " 797A Ill . 10. >06 .... 126. ~ " II> "' " 
,. U.l9 (1 _)7 

LH 26 7Y7H 211 2 " " . ., 127.1 37 6 " }) 43 O. IS u.s~ 

"" I" 7'J7K 211 2 " " "' 127.7 " II " " 49 02 1 U.SO 
II R 119 7'J7 H 211 2 ... .. "' 12~ .3 
II R 120 7978 211 ' V2 .. "' 129.3 " ' 12 " " t1.13 0.46 
II R 121 7978 211 2 " 100 K30 12<J.K " 7-.: " " " 111 2 0.<6 

LHA 20 797A Il l • 13< 136 "' 1311.1 " v 26 " 61 O.IS U.J l 
LR 23 7\1 78 211 2 102 II).& '" 1311.) •v 7 " " S6 0.13 JU2 
II R 122 797K 211 2 106 I" '" 130.11 S3 7 " 19 " 0.11 0.47 

"" 123 79711 211 2 11 3 liS '" 131.7 " ' 24 » S6 IU4 0.46 

"" 12' 797K 211 2 12 1 123 "' 132.6 " 7 " ~· " 0,12 0.49 

"" Ill 7971J 211 2 127 "' '" 133.2 " 6 " " ss 11,11 0.52 
LH ,. 797H 211 2 13< 136 ... , 134.1 )6 7 23 " 4) 11.17 0 .61.) 

"" )26 7978 211 2 136 IJIJ K67 134.3 ., 12 » " " 1123 u.s~ 

"" 127 7978 211 2 1 .. IH "' 134.') " II 19 211 61 0.111 U.S I 

"" 12, 797K 211 2 I" "' '" 135.11 " " " 22 "' 0.20 o.5S 

"" "' 7978 211 ) s 7 '" 136.5 S3 ' " 17 62 0.15 0.45 

"" IJI> 71178 211 J II I) KVI 137.2 " ' w 20 "' 0. 14 0.50 
LR 27 797H m J " " 11'.14 137.6 " 7 " " S6 0.1) 0.53 

"" I) ) 797!1 211 J IV 21 '" 1311.2 ,. 7 " 17 61 0.12 "" "" 132 797K 211 J " " ~- l lii .K " s ~· " 60 lUI'} 0.51 

"" I)) 797H 211 J )) JS "' 1)')_7 " ' " " " 0.1~ 0.55 

"" I ).I 7971J 211 J .. ., 
'" 140.6 " 9 " " ~· IJ. IS tl.56 

LR ,. 797 1J 211 J .. .. Y23 14 1.1 " 7 "' " " 0.13 0.53 

"" IJS 7'J7H 211 J " so "' 141.6 ., 
' IS )) " tU5 () _6') 

LRA 23 7'J7A Ill s ,. 76 ,., 141.') .. 7 •• 16 ,, 01 4 0.34 

"" 136 7971J 211 J " S6 933 142.3 .. " 17 26 " 0.24 U{J() 

"" 137 7971J 211 J ... .. ')42 144.4 47 " 16 " " 0.2 1 11.611 
II R IJIJ 7978 211 J 71 7J 9<V 146.1 " II 16 " " O, JIJ 0.611 
LR " 7971J 211 J ,. 76 9S2 146.11 " ' " " " 11.15 0.52 

"" 139 71)78 211 J " " "' 147.') " " 16 " sv 0 .211 U.6 1 
LHA ,. 7'J7A Il l s II).& >06 959 1411.4 " 6 )) " " ()I ) 0.35 
II R 1 .. 7978 211 J " ... "'" l4lt6 " 7 IV 32 " Il l S 0.62 

"" 1 .. 7978 211 J 92 .. ,.. 150.1! 

"" 142 797K 211 J " " ')1) 151.7 " ' " 23 " u 13 tl.56 
LR ,. 71178 211 J 102 IOl 1}1') 153.1 47 ' " 26 S6 1116 U.5<J 

"" 14) 71178 211 J IOJ l OS v•> 153.4 " ' » " ss u 14 0.56 

"" , ... 7978 211 J )0, >10 VKS 154.5 " ' " 26 57 II. IS 0,61) 
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Table 13 (continued) 

Fine arc- Coorsearc-
TyP' No. II ole Core SK Interval Depth A,, Fine Kosa Coarse Kosa derhed dt'tritu~ derhed detritu~ Kosa Fraction KG\ AGI 

(cmb~O (ka) {'l. indNritus) (%in detritus) (~ in detritus) (%i ndel ri tu )) (%in detritus) 

IIR 145 7\178 211 3 "' 117 '1'!2 156.2 
IIR "' 797H 211 3 126 nti llXI2 1511.6 41 Ill 17 " 57 0.17 11.6 1 
IIR IH 7'>178 211 3 131 133 ""' 159.5 '" ' 17 l4 " 0 .14 0.511 
LR Jl 797H 211 3 l>l 136 J(K)<) 160.2 >u ' " " " 0,14 0.56 
IIR I" 7978 211 J 13M 140 1014 161 .4 '" ' " " " 0.14 \1.511 
IIR "' 7'J7ll 211 J 145 IH 1021 163.0 " ' 17 " " 0.13 11.511 
IIR 150 7'J7B 211 4 2 4 1027 164.4 " 4 " lJ " 0_()1 (lj') 

IIR 151 797B 211 4 ' II WH \66. 1 " 6 " 22 " 0.10 U.54 
LR 32 7'J7H 211 4 " 16 !039 167.) 5I 7 20 " " 0 ,13 O.SJ 
IIR IS:!. 7117H 211 4 16 " !04 1 167.11 " 4 " " " \LOll 0.56 
IIR 153 797H 211 4 23 2S 104M 169.4 53 6 2U ~I ~I U.ll U.S I 
IIR 154 711711 211 4 32 "' 1056 171.3 52 7 " 21 " 11.13 0.53 
IIR 155 797}'1 211 4 J7 " 1061 112.5 52 ' " 22 " tl.\3 0.54 
LR 33 797B 211 4 44 46 106M 174.1 52 5 :w " " ll.\19 il.S4 
IIR 156 797H 211 4 " 47 ""' 114.4 
IIR 157 797U 211 4 5I " lU75 175.6 51 7 " l2 " 0.13 0.54 
IIR 15, 7117H 211 4 " "' lOKI !76.11 45 15 1'1 21 "' 0.25 U.SJ 
IIR 159 797H 211 4 65 67 101111 171!.1 52 7 " 22 " 0.12 0.53 
IIR 160 797H 211 4 71 73 1()1}4 179.2 54 ' " 23 " ll.OII 11.54 
LR "' 71178 211 4 74 " 10'17 179.~ 55 4 " 22 " 11.07 11.54 
IIR 161 7117H 211 4 " " 1102 11\0.7 5I ' ~· 21 " 0.13 0.5 1 
IIR 162 797H 211 4 ... ... I lOll 1111.'1 56 ' 22 " "' 0.116 0.46 
IIR 163 7'178 211 4 " " 1115 1~3.2 56 3 22 " "' 0.116 0.47 
IIR 164 797 8 211 4 " 101 1121 1114.3 55 6 21 " ~I 11.10 0.41! 
LR J5 71178 211 4 102 104 1124 1114.'1 54 5 21 " 01 0.1)<) 0.47 
IIR 165 71178 211 4 107 "' 11 29 1115.11 54 7 21 17 61 0. 12 0.45 
IIR "' 71178 211 4 114 116 1135 1117.ll 52 ' 21 " 60 0. 14 0.47 

LKA ,. 7117A Ill ' l:<l 136 113'1 1117.7 53 ' 26 13 " 0.13 0.33 
IIR 167 7117B 211 4 121 123 1142 11111.3 52 ' 23 15 61 0.15 0.3') 
IIR 16S 7978 211 4 12M 136 1149 1119.6 5I 7 20 23 " 0.12 0.53 
IIR 169 79711 211 4 132 l>l 1153 190.2 47 ' "' " 56 0. 16 0.54 
LR 36 7117H 211 4 1;4 136 1155 190.5 " ' " " " 0.17 0.6 1 
IIR 170 7\178 211 4 142 I" 1!62 19U 39 15 16 30 54 0.21 U.64 
IIR 171 7\1711 :w 5 0 2 117U 192.6 " 17 " 24 " 0.29 0.56 
IIR 172 79711 211 5 7 ' 1177 193.6 53 7 21 20 " ll.l1 0.4'1 
IIR 173 797B 211 5 " " 11116 194.9 53 7 21 " w 0. 11 0.47 
IIR 174 7'17B 211 5 21 23 1190 195.5 55 6 21 " 61 0.11 0.45 
IIR 175 7\178 211 5 " Jl 11 911 1%.6 " ' 22 27 5I 0.16 0.55 

LRA 32 797A Ill 1 " " 1203 197.3 , 10 26 13 61 0.17 0.33 
IIR 176 7117H 211 5 J5 31 12<l4 1975 47 ' 21 24 55 0. 14 0.54 
IIR 111 7978 211 5 41 4J 1210 1911 .3 52 ' 22 " ~· 0. 13 0.46 
I.R 31 7978 211 5 " " 1213 1911.11 49 6 23 22 55 0.10 0.49 
IIR "' 79711 211 5 " 5I 1211 1')<).3 " 7 22 26 52 0.14 0.55 
IIR I" 7978 211 5 56 " 1224 2t.Xl.3 " ' 21 27 52 0. 17 0.57 
IIR IMO 797B 211 5 62 64 J2l0 2{)1.2 41 II 20 " 52 0.2 1 0.5 11 
LR " 7117H 211 5 74 " 1242 202.'>1 " ' 23 " 49 0.11 0.54 
LR " 7'17H 211 5 102 104 126'} 21:16.11 " 7 22 22 56 0.!3 0.50 
LR 40 7971l 211 5 l>l 136 1299 211.1 " Ill 22 " 54 0. 19 \1.53 

Ma~ 56 " 40 36 62 0.35 0.73 
Min J2 0 IJ 4 40 0.00 0.119 
Avera1:t' 47 ' 2J 2J 55 0.14 0.50 
Std l)e~ 5 J 4 5 5 0.05 0.011 
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Table 14 Average linear sedimentation rate (LSR), dry bulk density (DBD), content of 
detritus (Detritus%), and mass accumulation rates (MARs) of Kosa and arc-
derived detritus between 12 datums . Age controlling datums are cited from 
Tada eta/., [1996]. 

Art-derived 
Datum Depth AMS14CAge Calender Age LSR DBD Detritus% Kosa MAR detritus MAR 

(cmbsO (ka) (ka) (cmlky) (glcm3) (glcm2/ky) (g/cm2/ky) 
Top 18 0.0 

6.50 0.320 78.9 0.8 0.9 
TLI 92 9. 9±0. 2 11. 4 

5.62 0.472 80.3 1.2 0.9 
TopTL2 127 l4 9±0. 2 17.6 

8.75 0.629 83.3 2.5 2.1 
Doll om TL2 190 21 0±0. 2 24.8 

9.16 0.652 86.1 2.7 2.3 
A-T 224 24 3±0 .2 28.5 

4.60 0.584 86.4 1.3 1.0 
StageS.O 433 73 91 

6.40 0.480 81.1 1.4 1.2 
Stage5.2 542 90 95 

6.35 0.459 80.7 1.2 1.1 
Stage5.4 668 110.79 

8.50 0.491 79.8 1.7 1.7 
Stage 6.0 830 129 84 

8.28 0.706 88.5 3.0 2.2 
Stage 6.3 933 142 .28 

4.24 0.684 89.3 1.5 1.1 
Stage6.S 1072 175 05 

5.29 0.646 88.6 1.8 1.2 
Stoge7.0 1149 189 61 
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Appendix 



I. Determination of Major Elements Composition of Fine Grained 

Sediments using X-ray Fluorescence Analysis 

Introduction 

X-ray nuorescence ana lysis is conducted on fused glass bead which conta in the 

particular fraction of sample. Sample- nux ratio of g lass bead is adopted to be 0.1000 which 

result in the almost constant mass absorption effect in spite of the compositional variation of 

samples [Goto and Tatsumi, 1991). However, sediment samples have much wider 

compositional variation than igneous rocks used by Goto and Tatsumi because marine 

sediment often contains si liceous and I or calcareous fossils and diagenetic products such as 

carbonate and phosphate which are rich in calcium, magnesium, manganese, and phosphorous. 

Thus the ca libration method which is effective for wide range of element composition shou ld 

be estab li shed to ana lyze sediment samples. In addition , sed iments usually contains a lot of 

vo lat iles such as structural water of minerals, carbonate, and organic carbon. So spec ial care is 

needed for sample preparation. 

Sample Preparation 

Analyzed samples are recommended to be desalted and powdered. 

As the first step, sample is dried and ignited in order to remove volatiles to prevent 

concentration change of samp le during glass bead fusion. Approximately 0.6 g of powdered 

sample is put in a ceramic crucible whose weight is exactly known. Sample in crucible is 

covered and dried in an oven set at 50 °C overnight. After dried, sample in crucible is put in a 

desiccator immediately after taking out of the oven and is cooled to room temperature. After 

cool ing, sample is weighed with ceramic crucible. Then sample in crucible is covered and 

(I) 



dried in an oven at I I 0 °C longer than 4 hours. After dried. sample in crucible is put in a 

desiccator immediately after tak ing out of the oven and is coo led to room temperature . After 

cooling, sample is weighed with ceramic crucible. 

Sample in crucible is covered and ignited in an oven at I 000 °C for 6 hours. Ignition 

longer than 6 hours does not result in the further weight loss and , in many case, sample is 

sintcred. Thus 6 hours ignition is best. After ignition, sample in crucible is put in a desiccator 

immediately after taking out of the oven and the desiccator is vacuumed using vacuu m pump 

in order to prevent rehyd ration and recarbonatization of lime (CaO) in ca lcareous sample. 

Sample is cooled to room temperature. After cooling, sample is weighed with ceramic 

crucible. Loss on ignition (LOI) is defined here as, 

LOJ = {(I I 0 °C dried sample+ crucible weight)- (I 000 °C ignited sample+ crucible 

weight)} I {(I I 0 °C dried sample+ crucible weight)- (crucible weight)} * I 00. 

If sample is sintered, sample is powdered us ing back of spoon or agate mortar which 

depends on the hardness of sintering. 

Bead Sampling 

Approximately 0.4 g of powdered ignited sample is mixed with Li2B40 7 flu x in exact 

rati o of 0.1000 : 1.000. L~Bp, flux was dried at I I 0 °C for longer than 48 hours and cooled 

down to room temperature in a desiccator. Ignited sample and flux arc well -mixed in platinum 

crucible and then three drops of 2 % LiBr so lution are added to sample - flux mixture in order 

to easily rip up glass bead from platinum crucible after fu sion . 

Sample- flux mixture in platinum crucible is fused approximately at 1150 °C using a 

radio-frequency induction furnace. Ignition time is 7 minutes and sample - flu x mi xture in 

platinum crucible is agitated during last 3 minutes in order to remove bubble in the fused g lass. 

Cooled glass bead is used for XRF analysis and the side which faced to the bottom of platinum 

crucible is used for meas urement. So the bottom of platinum crucible shou ld be clean and 

polished up . 

(2) 



The glass bead is weighed to check the ignition loss of flux and it should be 

approximate ly 0.5 %. Sample identification is described on the side which is not used for 

measurement and g lass bead is kept in sealed small bag. 

Calibration Method 

Reference materials 

Geochemical reference samples provided by Geological Survey of Japan, US 

Geological Survey and ational Bureau of Standards and thei r mixtures were used as 

calibration standards. In addition, pure sili ca, pure calcium carbonate, and pure manganese 

carbonate are mixed with a geochemical reference sample (JB-Ia) and used as calibration 

standards to verify a wide compositional range. All used standards (n = 40) and their 

composition are li sted in Table 1- 1. All compos ition va lues are cited from Potts eta/. [ 1992] 

and recalculated as dry base va lues for igneous rock standards and ignited base va lues for 

sed imentary rock standards. Fe content is calcu lated to tota l ferric fom1 (Fe,O,). 

Glass bead sampling of reference materials 

Geochemical standards used here include vari ous igneous rocks and sedimentary 

rocks. To make glass bead of them, pre- treatments filled for each standard was conducted . 

For igneous rocks, standard samples were not pre-ignited at I 000 °C because a ll 

diva lent iron (FeO) was not ox idi zed to trivalent iron (Fe20 , ), which makes it imposs ible to 

estimate appropriate loss on ignition. They are onl y dried at I I 0 °C and used for bead 

sampling. 

For sedimentary rock standards except for phosphate standard (NBS-120c), the same 

pre-treatment including pre-ignition described above was conducted. Carbonate fluoro-apatite 

contained in NBS-120c is not decomposed at I 000 °C, which makes it imposs ible to estimate 

appropriate loss on ignition of thi s sample. Thus NBS- 120c was used for bead sampling after 

dried at I I 0 °C. 
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Measurement condition 

Ri gaku 3270 X-ray Spectrometer of Ocean Research Institute was used for 

measurement. It is equipped with Rh tube and acce leration vo ltage 50 kV and current 50 mA 

was adopted . Measurement condition for each e lement was detem1ined. Adop ted condition is 

li sted in Table 1-2. Under these condition, 40 reference samples are measured and the intensity 

of characterist ic X-ray of each e lement for each sample was co llected . 

Calibration curve 

Calibration which convert the intensity of characteri stic X-ray of each clement to 

weight % of oxide form of the element was conducted by best fit linear or quadratic equation. 

Because mass absorption by Ca could not neg lected for Ti02, Fe2 0 3 , and MnO, calibration 

which is proportional to theCa X-ray intensity of each sample was conducted (matri x 

ca librati on). Matrix calibration of element i for e lement j is calculated as 

(Calibrated intensity of i) 

=(Raw intensi ty of i) x [I+ (Matri x cal ibrat ion coefficient for j) x (Raw intensi ty of j)] 

Calibration for mass absorption by other elements was not necessary . All calibration 

coefficient are li sted in Table T-3. 

Si02 and P20 5 calibration were conducted by quadratic equation (Figures 1-a, n, o). 

One quadratic calibrati on equation can be used fo r 0 to 35 wt% P,O, (Figure 1-n), which is 

shown in Figure 1-o as good fitness of curve with in the 0 to 0.5 wt% P,O, range. 

Calibrat ion for A~03, MgO, CaO, Na,O, and K,O were conducted by s imple linear 

equation (Figures 1-d . j, k, I, m). 

Calibration for Ti02, Fe20 3 , and MnO were conducted by linear equati on (Figures 1-c, 

f, h) . Because the intensity of these e lements were systematica lly low for mass absorpti on 
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effect for Ca (Figures 1-b, e, g), matrix calibration for Ca was conducted. Within the range of 1 

to 6 wt% MnO. intensity of prepared samples were systematically lower than general trend of 

other samples (Figure 1-i). The author prepared high Mn sample as mixture of JB-1 a and pure 

manganese carbonate. When manganese carbonate was heated at temperature higher than I I 0 

°C, Mn was ox idi zed to unknown oxid ized form. Thus the author used pure manganese 

carbonate without drying . This may have resulted in the lower intensity of Mn for mixture 

standards by loss of adsorbed water. Although these high Mn standards could not be used for 

ca li bration, Figure 1-i shows that the linearity between intensity and content of Mn is 

guaranteed approximately to 5 wt% MnO. 

Calibration of measurement condition 

One glass bead of JB-1 a which was named CALIB is measured to check and ca librate 

the measurement condit ion every time when unknown sample is measured. To prevent 

counting etTor, measurement time of CALIB for each e lement is set as twice as described in 

Table 1-2. Collected intensity of CALIB for each element are used to calcu late the correct ion 

factor to the intensity when calibration curve were made. Correction factor for element i is 

defined as 

Correction factor= Intensity of i for CALIB measured when calibration curve was made . 
Intensity of i for CALIB measured when unknown sample is measu red 

The intensity of i for unknown sample is used after being multiplied by the cotTecti on factor. 

When correction factor become larger than 1.02 or smaller than 0.98, calibration curve 

shou ld be revised. Na and Pin sweat of people easily pollute the surface of glass beads. When 

the correction factors for Na and P ca lcu lated us ing CALIB become systematicall y larger, 

pollution of glass bead surface by people 's sweat is probable. In thi s case, measurement 

surface of CA LIB is polished using less than l).lm diamond paste and CALIB is measured 

(5) 



again. Only when the intensity of Na and P cannot be better. calibration curve shou ld be 

revised. 

Precision of Measurement 

Analytical errors of measurement are estimated by 9 times repetition of g lass bead 

making and their measurement by the spectrometer using the geological standard JB- 1 a of the 

Geological Survey of Japan. 

The reproducibility (95 % reliability) of measurement is 52.4±0.3 % for Si02 , 

1.32±0.0 1 % for Ti02 , 14.2±0.1 % for AI,O,, 9.16±0.06 % for Fe,O,, 0.144±0.002 % for MnO, 

7.85±0.08 % for MgO, 9.34±0.07 % fo r CaO, 2.56±0.04 % for Na,O, 1.41±0.0 I % for K,O, 

and 0.244±0.003 % for P20 5 • They correspond to re lative error of ±0.6% for Si02, ±0.8% for 

Ti02, ±0.7% for AI,O,, ±0.7% for Fe,O,, ± 1.4% for MnO, ± 1.0% for MgO, ±0.8% for CaO, 

± 1.6% for Na,O, ±0.7% for K,O , and ± 1.2% for P20 5, respectively. 
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II. Determination of Biogenic Silica Content using Alkali Extraction 

Method 

Manual for Measurement 

In order to establi sh the procedure for determination of biogenic opal content , the 

author modified the procedure described in Morrlock and Froerich [ 1989]. 

Pre-treatment of samples 

Approx imate ly I 00 mg of sample is desa lted with 50 ml of doubl y di still ed water 

(DDW) in a 75 ml polypropylene tube and sample with DDW in the tu be is centrifuged at 3500 

rpm for I to 2 hours until supernatant becomes clear. C lear supernatant is decanted and sample 

is dried at 50 °C overnight. Sample is moved to small g lass crucible and dri ed at J I 0 °C for 

longer than 2 hours and sample in glass cruc ible is moved to des iccator to be cooled down to 

room temperature. Approximately 50 mg of desalted and II 0 °C dried sample is exactl y 

weighed into 75 ml polypropylene tube. 

Approx imate ly 5 ml ( I 0 ml if sample is organic rich) of I 0 % 1-1,02 solution ( I : 2 

solution of first grade 30 % H,02 and DDW) is added to sample in 75 ml tube to remove 

organic matter, the tu be is capped wi th a po lypropylene cap with a small hall to allow gas 

expansion, and left for 30 minutes. Then sample with 1-1,02 in the tube is moved to 50 °C 

water bath and left until babbling stop. Approximately 10 ml of IN HC I so lu tion ( I : 9 

solution of super grade I ON HC I and DDW) is added to sample to remove carbonates and 

sample with the so lution in tube is sonified for 30 minutes . Approx imate ly 20 ml of DDW is 

added and sample is left for approx imate ly I hour until babbling stop . Then sample in the tube 

is centrifuged at 3500 rpm for 30 minutes . Supernatant is decanted . Sample is rinsed with 

approx imately 50 ml of DDW aga in and centrifuged at 3500 rpm for I to 2 hours until 
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supernatant become clear. Supematant is decanted and sample in the tube is dried at 50 °C 

overnight. 

Alkali extraction 

Alkali ex traction is time consuming and busy work. If all work is done by one person. 

he can treat maximum 24 samples per day. If there is one more helper, he can treat 48 samples 

per day. Procedure described below is the manual for one person. 

Exactly 50 ml of 2M Na,C03 so lution is added to sample in 75 ml tube, capped with 

polypropylene cap with a small ho le . Sample with alkali so lution in the tube is swirled and 

then sonified for 5.5 minutes in supersonic vibrator with 85 °C water. This step is repeated 

every I minute for analyzed samples. After sonified , sample in the tube is moved to 85 °C 

water bath. Sample is swirled every I hour. 

After n, (n+l ), (n+2), .... hours since 2M Na,CO, so lution was added to first sample, 

0.500 ml of a lkaline supernatant which contains Si from sample is sampled using micropipette 

and moved to small plastic ce ll. Thi s step is also repeated every I minute for analyzed 

samples. 

After n (also (n+ I), (n+2), .... ) hours 25 minutes since 2M Na,CO, solution was added 

to first sample, preparation for Si determination by molybdate-blue spectrophotometry starts. 

This step should be finished within 35 minutes. The procedure is described later. 

Calibration standards 

The author used commercia ll y sold silica standard solution ( I 000 ppm(= 35.606 mM 

Si) in 0.4N Na,C0 3) as calibrati on standard. In order to check the qua lity, two kinds of 

standards (produced by Wako Chemical Co. Ltd. and Junse i Chemical Co. Ltd.) are used every 

time. 3M Na2CO, solution is also prepared to adjust the matrix solution of calibration 

standards. 

In order to make standard silica solution of various concentrat ion, commerc ia l silica 

solution, 3M Na,CO, so lution, and DOW are mixed in rati os be low; 
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7.01 mM Si standard 

4.98 mM Si standard 

2.99 mM Si standard 

1.00 mM Si standard 

0.00 mM Si standard 

Preparat ion of reagents 

1.97 ml : 6.54 ml : 1.49 ml 

1.40 ml : 6.57 ml : 2.03 ml 

0.84 ml : 6.6 1 ml: 2.55 ml 

0.28 ml : 6.65 ml : 3.07 ml 

2M Na,CO, solution for alkali extraction was used. 

Preparati on of reagents should be finished until the day before alkal i ex tracti on. All 

reagent s are adjusted using DOW and stored in plastic bottle. 

Molybdate reagent: 16.73 1 g of super grade (NH4)6Mo,0 24-4H 20 is dissolved in DOW 

and adjusted to 1000 ml into mesflask. 

Hydrochloric acid reagent: 48 ml of super grade I ON HCI is added to approximately 

900 ml of DOW in a plastic beaker. The so lution is cooled clown to room temperature , moved 

to mesflask and adjusted to 1000 mi. 

Metol-sulfite reagent : 12.000 g of super grade a, SO, is di ssolved in DOW and 

adjusted to I 000 ml of mesfl ask. The solution is moved to plastic beaker, 20 g of meto l 

(paramethylaminophenl sulfate) is added and stirred well. This solution is filtered using no . I 

filter paper and stored in brown bottle. 

Oxalic ac id reagent: 60 g of supe r grade (COOH)2·2H,O is d issolved in DOW and 

adjusted to I 000 m l of mesflask. 

Sulfuric ac id reagent : 30 ml of super grade H2SO 4 is added to approximate ly 700 ml of 

DDW in a plastic beaker. The so lution is cooled down to room temperature , moved to 

mesflask and adjusted to 1000 mi. 

Adjustment of working solution 

Adjustment of working so lution should be conducted during the waiting time of alkali 

extraction procedure which is from 2 to 3 hours after addition of alkali so lution to first sample. 

Working so lutions can be stored approx imately 6 hours. 
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Molybdate worki ng so lution: Molybdate reagent. hydrochloric acid reagent. and DDW 

are mixed exact ly in a rat io of I : I: 5. 

Reducing work ing so lution: Metol-sulfite reagent. oxali c ac id reagent , and sulfuric 

ac id reagent are mixed exactly in a ratio of I I : I. 

Measurement of Si in alkali so lution 

Si in al kali solution extracted from sample is measured by molybdate-blue 

photospectrometry. Blue coloring process should conducted during wating time of alkali 

extrac tion. 

Exactly 14.00 ml of mol ybdate working solution is dipensed in a clean dried 30 ml 

polypropylene tube. This should be done before first sampling of sample Si so lution. Exactly 

0. 100 ml of sample Si so lution is pippeted to prepared molybdate working so lution, the 30 ml 

tube is capped with polypropylene cap and the solution is swirled. Thi s step is repeated every 

30 seconds for all analyzed sample. Exactl y after 20 minutes, 6.00 ml of reduc ing working 

so lution is dispenced to the mixture of sample solution and mo lybdate working solution, the 30 

ml tube is capped with polypropylene cap and the solution is swirled. Thi s step is a lso 

repeated every 30 seconds for all ana lyzed sample. Blue coloring takes longer than 12 hours. 

Prepared Si standards are reacted with working so lutions using thi s procedure before sampling 

of sample Si solution. 

On next day, colored solution is measured by spectrophotometer. The solution is put 

in a I em cell , and the absorbance at 8 12 nm is measured. The absorbance at 812 nm of DOW 

is set to zero. 

First, Si standards of are measured and ca libration curve is calculated. The absorbance 

of 0 mM Si standard should be less than 0.004. Correlation coefficient of respctive set of Si 

standards of the two should be larger than 0 .99 and cotTelation coefficient calculated using 

both sets should also be larger than 0.99. 

After ca lculation of calibration curve, sample so lutions are measured with same 

condition. 
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Dissolution of Silica from Sediment Samples as a Function of Time 

The author checked the mode of di ssolution of silica from sedi ment samples as a 

finction of time using 2 samples from the pelagic sediment core KH92- I, 5bPC (Euaripik Ri se; 

3° 3 1.94' N, 141 o 5 1.40' E). Samples are Sec 1-2 and Sec 1-22 of the core. Extracted sili ca from 

samples at 2, 4, 6, 8, I 0, and 12 hours since alkali extracti on started we re measured in 

dup licate, which also enabled the est imation of reproduc ibility of extraction procedure. 

Figure 11-1 shows the ex tracted Si02 wt% from samples as a fuction of time. During 

first6 hours, silica dessolved to a lkali solution rap idly. Whereas after 8 hours, silica dissolved 

slowly at a constant rate . Smear slide observation of dissolut ion res idue showed that 

radioralian fragments cou ld not be noted after 8 hours . This suggests that biogenic opal 

dissolution was finis hed during firs t 8 hours and di sso lved silica after 8 hours ori ginated from 

detrital fracti on in the sed iments [DeMaster, 198 1] . 

Figure 11 -2 shows the x-y plots of dissolved sili ca for one aliquot vursus the other of 

duplication. I I line shown in Figure 11-2 indicate perfect agreement between two aliquot s. 

Deviation around I : I line can be used as reproduc ibility of alkali extraction procedu re. The 

result shows that the reproducibility of the procedure is ±0.2 wt%Si02• 

Determination of' Time Needed for Biogenic Opal Dissolution for ODP Site 797 Sediments 

To determine the react ion time required to perfect dissolution of biogenic silica for 

ODP Site 797 sed iments, a smear slides of alkali treated samples for 0.5 , I, 2, 4, 6 hours are 

observed by optical microscope at the magnificati on of 40 powers. Diatom remains are 

observed in the samples treated for 0.5 , 1, and 2 hours and no silica remains are noticed in 

those treated for 4 and 6 hours. Thus 4 hours alkali treatment are enough for di sso lu tion of 

biogenic opal for the Japan Sea hemipe lagic sediments. 
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Determination of Detrital Silica Dissolution Rate for ODP Site 797 Sediments 

To check the dissolution rates of soluble detrital sili cate minerals plus volcanic glass , 

di sso lved sili ca extracted from samples after 5, 6, 7, 8, and 9 hours treatment were determined 

for 40 se lected samples. As a result , 25 samples show that the COITelation coefficient between 

di ssolved Si01 vursus time was larger than 0.95 (Figure 11 -3). Although after perfect 

dissolution of biogenic silica, Figure 11-3 shows that ex trac ted silica increased linearly as the 

function of time which are caused by the di ssolution of so luble detrital silicate mineral s plus 

volcanic g lass [DeMaster, 198 1]. For these 25 samples, frequency of silica dissolution rate 

was examined (Figure II-4) . Figure 11-4 shows that silica dissolution rate of Site 797 sed iments 

are deviated around 0.2 wt%Si0z'hr and the 2o is 0.1 wt%Si02/hr. Thus the author considers 

that average dissolution rate of si lica from detritus is 0.2 ± 0.1 wt%Si01/hr for Site 797 

sediments . 

Simplified method 

According to the results above, dissolution rate of silica from samples are constant at 

around 7 hours from starting of alkali treatment. Thus 7 hours alkali extraction of silica and 

the con·ection of 1.4 wt% (~ 0.2 wt%/hr x 7 hours) for silica extracted from silicates could g ive 

a reasonable va lue for biogenic sili ca content of other samples. In thi s case, the e!Tor of 

estimation is within ±0.7 wt% (0.1 wt%/hr x 7 hours). 
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III. Determination of Mineral Composition using X-ray Diffraction Analysis 

Introduction 

In order to quantify the con tens of minera ls of ODP Site 797 sed iments, X-ray 

diffraction analys is (XRD) was conducted. Diffraction intensity of minerals are calibrated to 

weight percent within the sample by ca libration curve estab li shed using reference pure 

mineral s. 

Measurement Condition 

Measurement was conducted by a MAC Science MXP-3 X-ray diffractometer (X RD) 

equipped with CuKa tube and monochrometer. Tube voltage and current are 40 kV and 20 

rnA , respecti ve ly. Scattering slit and divergent slit system is automatical ly controled as to 

obtain 25 mm beam width on the sample . Recieving s lit is 0 . I 5mm. Scanning speed is 4 

0 29/min and data sampling step is 0.02 °29. 

Desal ted powdered sample was finely ground in an agate mortar with approximately 5 

ml of ethyl alchol for 5 minutes. Then, finely powdered sample is randomly mounted on a 

glass holder which has a circle deprres ion with 25 mm diameter and 0.5 mm depth. Mounted 

sample is X-rayed from 2 to 40 °29. 

Data processing 

Before reading out the position and height of each reflection. two steps of data 

process ing were applied. 

As a first step. origina l data were smoothed by 5 points averaging whi ch is equivalent 

to a window width of 0 .2 °29. Smoothing calculation include noi se removal by adaptive 
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smooth ing followed by quadrat ic polynomial fitting. Noise level coefficient for adaptive 

smoothing is I. This process minimize the error caused by noi se. 

As a second step, a background including amorphous hump is estimated by the 

background evaluation program using Sonneveld method which uses a wider smoothing 

window with 30 points (eq ui valent to 6 °29) between 2 and 40 °29. Because the peak width of 

smectite is approx imate ly 6 °29, a smoothing window of I 00 points (equ ivalent to 20 °9) was 

used between 2 and I 0 °29. 

The background profile which is calcu lated using 30 po ints smoothing wi ndow is 

subtracted from the 5 points smoothed intensities to obtain the net peak intensities of 

crystalline minerals other than smectite. The background profile which is calculated using I 00 

points smoothing window is subtracted for smectite. 

Diffraction Peak Identification 

Identifi cation of minerals are based on the following di agnostic peaks; 7.2 ° for 

smectite, 8.8 ° for illite, I 0.4 ° for amphibo les, 11.5 ° for gypsum, 12. 1 ° for chlorite+ 

kaolinite , 26.6 ° for quartz, 27.8 ° for feldspars, 29.3 ° for calcite, 30.1 ° for rhodochrosite, and 

32.9 ° for pyrite . The 7 A and 14 A peaks are considered as mainly contributed by chlorite 

because the peak rati os between 4.8 A, 7 A and 14 A, which are d iagnostic of ch lorite are 

nearl y constant (Figure 111-1 ). The intensi ty of diagnosti c peak (I) for each mineral was used to 

estimate the content of each mineral. Because 26.6 ° peak of illite overlaps the ma in peak of 

quart z, the quart z peak height at 26.6 o was corrected for ill ite based on subtraction of twice of 

peak intensity of illite at 8.8 ° from the peak height at 26.6 °. 

Background area from 16° to 32 .5° is used as measure for amorphous materi als. 

Background of sample profile is considered to be contributed by volcanic glass and I or its 

altered products, biogenic opal, and the background of other crystalline minerals . The author 

especial ly estimated the contribution from vo lcanic glass and I or its altered products by the 

method described later. 
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Standard Materials 

As reference minerals fo r calibration of diffracti on intensit y to we ight percent , 

montmori llon ite (smectite) and seri site (i lli te) standards prov ided by C lay Mineral Society of 

Japan, ch lorite, homblende, and albite prov ided by Universi ty Museum of Uni vers ity of 

Tokyo, commercial quartz sand , andes iti c vo lcanic g lass from Pl iocene secti on in the northeast 

Japan collected by the author, and biogenic opa l ex trac ted from di atomite o f the Monterey 

Fromati on prov ided by Associate Professor Ryuj i Tada were used . Dignostic peak intens ity 

and background intensit y of these minera ls were measured. The results are li sted in Tab le Ill. 

Calibration Curve 

The peak intensi ties of the mi nerals (I) were transformed to their contents (wt%) using 

li near ca li bration equati ons for each minera l which were determined from meaurements of 

mixtures of pure reference minerals in vari ous rati os. Cali brati on for ca lcite, pyrite , and 

rhodochros ite were performed by compari son between the peak intensit y of these minerals and 

carbonate carbon content and tota l sul fur content. 

The content of detrital amorphous material is estimated from the area of amorphous 

hump (A,"' ) between 16 and 32.5 ° based on the following procedure. In order to eva luate the 

aerial contri bution o f detrita l amorphous materi als (A"',), the background area was con·ectcd 

for biogenic opal of which content was determined by alkali ex trac tion method as we ll as for 

the background of crystalline minera ls as follows; 

A = A _ I.l xbioS iO, (wt%)xAov"'('oo' 

"" '"' 100 I(~xA1p 00,J 
I 1( 100) 
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where 1, and A, are peak intensit y and background area of mineral i in the sample, respectively. 

whereas 1111001, A111001, and A0P,111001 are peak intensity and background areas of pure reference 

mineral i and opa l. respecti ve ly. The water content of biogenic opal is assumed as 10% 

[Mort lock and Froelich , 1989] . Background area of pure andes itic vo lcanic g lass from 

Pliocene section in the northeast Japan was used for a calibrati on standard for transformati on 

of Aoc, to we ight% because the detrital amorphous materi al in the samples are dominantl y 

composed of a ltered volcan ic g lass . 

Resulted calibration curves and equations are shown in Figure 1!1-2. 

Estimation Error 

The reproduc ibi lity of measurement are within ±20% for smec tite. ±30% for illi te, 

±30% fo r chlorite + kaolinite , ±60% fo r amphiboles, ±7% for quartz,± 15% for feld spars, 

± I 0% for detrital amorphous, ±20% for ca lcite , and ±20% for pyrite, respectively. 

(24) 



Table III Intensities of main peak and background of reference minerals. 

Mineral Main Peak Background BG/Peak 
(cps) (counts) 

Montmorillonite (Smectite) 375 15595 42 
Serisite (Illite) 861 7784 9.0 
Chlorite 3728 8874 2.4 
Hornblende 901 6547 7.3 
Quartz 10547 3096 0.3 
Albite 8324 5851 0.7 
Pumice 29304 
Opal 37332 
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Figure III-2 (continued) 

(28) 

h) Calclte%=0.02"cps 

500 1000 1500 2000 
Calcite (cps) 

I) Pyrite%=0.21"cps 

3.75%FeS2 
..........................• ... 

50 100 150 200 250 300 350 
Pyrite (cps) 

J) Rhodochroslte%=0.0547"(cps-50) 

8 .75%MnC03 

so 100 150 200 250 

Rhodochrosite (cps) 






