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Abstract : The internal density structure of 27 m of bottom sediments cored at Lake

Yunoko, Tochigi Prefecture, Central Japan, was analyzed using a medical X-ray CT

scanner. Fine sedimentary structures such as lamination in interlayered tephras, alterna-

tion in organic rhythmites, and grading in episodic sandy beds were identified in the CT

profiles with spatial resolution of less than a few mm. Calibration with known standards

indicates that the accuracy of bulk density measurements estimated from the X-ray CT
image data is better than +/— 0.02 g/cm?. This study shows that the X-ray CT scanner
is a powerful tool for nondestructive, quantitative analysis of geologic materials.
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WERST 7 DERNC AR U IAZE R & L
2%, BB0RE0.02g/cm® AT ORE CEEHREN
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ehBwEnd TR EROFHREEKTH S, WHE
RS> SR BB A B BREH A & 2121, mm
~¥ 7T mmA—F—TOF ) T ESHBSREE &
ns,

Z D & 5 il s ¥R 2 A AT R s F RO —D
R X BEEFEEES DD, WEEERDFTOA X MEO
Rz LIELIERBAshTETwa (FM, 1990).
Lol Z0FHED, BENcEERERSEES 5~10mm O
WRCERT 2 LERD B 2 &, B - REREFH R
ICRERERET S Z , HEMHER ECHISh 3720
Thoicd, EENZFENVRETH 5EOREERSDH
ol AHIEL (1987) 1, FEEHIEL CEROFEE
FEREKL, VYV T Fa—T AN E DR
BT XHRZ LT, BBREEE 2 v CHRELET
BRI DT HEIEE(L - WE{LE R 2 EEEERMLT
Wb, ZOYATAEIERBROL DOV 7Y VTR
BoREEE GUERBEEOILNL-BEF DRADEE)
PELZENELLDDOTH S, XREHEHDRE »HHE
HKEOBE LK T2 2 L CEEEESEETE 3Er
P HEEESRETE L LT3,

XE2RAW2 E»d SRR X Rk L RAETH 5
2, FEMC IS B 2 FEBEAMTEE X CT %8
b5, XFCT X, kit C2fAa»s Xigs:
BE L, BT — 2 2T U CHRRENE O X BRI
FREOSF R 2RO MY v 7 AL LTEGHIET 5,
1970 FEARPTE I EEZH 2B CHS - RS huiz g
HIBT L WEIATTd 223, AERINES % JEmE - JEEMmTE
BTEHZ L oEHNREHER L U TAFICE RS
HEATZ EECE S C, BRBERB O TIc b X2 CT
BUELEFIAIAS LS 2R TETWS, TR
&0, RICBAN-HBHEEYTOT 7 J Btk R
Wiz EDA Ry PEOFEPHEEBEEHOLIZT S Z
EWTES, FlZhsORBYOWEEHENT 2 C
LT, WREBOHELICHTRETH S, LITIc X #
CT A ¥ v 7 2 HERES T OV T OISR, B
X U CT OEBMLEIC B 2EE &5 DFIEIZ DV TR
5.

2. CT oiE S & UEHRNIE

2.1 BRI~ CT DFIFAE

HE - HERE O NEREEFEIT~O X ## CT oFf i,
% RIS CED S hiz, Petrovic ef al. (1982)
X, REONSNVIEED 3 RTHELEERETHERE T
BFRHBEELT, BEEAXBCT AF v 7 BIEANLEE
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BIT&BZ BRI,

R S8 Cld, Wellington & Vinegar (1987) 28
R EEERO—B]E LT, a7 o HiEBE 0T
=Y 7 e ENIBEGRT 3 a T NEOEE - ZEREA
DNz, X CT I &k 2 IEBESMTFELED THR
ThH5HIERLL DN FBREIEBTTHSPIZ LT
Castanier (1989) iZ, KEIZ B % ZRIFEHEINEE I
33 X#CT OF|FIZ oWV Y a—L, BFEEMsR
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Sprunt et al. ; 1991, Withjack ef al. ; 1991, Hicks
Jr. et al.; 1992, Moss et al. ;1992 2 ¥), SHTKE
RSB CIERN L I 7 FERE B> Tw 3,

HREESEFTH,1980 FAKR» S XHECT BRHE L
TETWw3, Kenter (1989) 13 X # CT 12 & » THEHEE
HIEY 2 7 ONIHRBECFERSE 2, TE» DR
BTOMITEB I LB LTz, Orsi ef al. (1994) 33
BYa7 it LT, MR L X CT BWEWEERR
HEHLTWS I EE2R LT, Boespflug ef al. (1995)
e > o — v AR DS TR U 7 5ok O iR
B EF, CT ENR E ERYEE B ICEELERY
HY, CT BEEICFED 5 b mm~cm 4 —F — O RN
ZERRPERIOTIRT 5 Z L 2R LT,
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%, hEFIEH (1992) 1%, BANHOZERED 3 KITHHE
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HEEEROSITEHIzo TV DO ITRENE L
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MBEEERAR OIS - BEEEANM~OBERAXHECT A%+ 7 OFMH FEE &)

S LB ESRETSEETH S, F, BHOE
EWNScET 28 TH 5, HROEEEDOAGE (B
ERQ EALFABETCEEER /NI V) EHRELT
WA EEA CT 2w, kBl (1.1~2.5 g/cm®
BE) OBEREEENT 51013, EBEOFEFRST
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INSDMHEY AT A X B HEEFMOFEE L ERT —
& OB 2HET 5,

2.2 CTHOHEHEBRERA
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R CT EEMESICOWTRINETITHESL S DS
Y (72t z21E, Herman, 1980, &H:, 1979), %7-H]
# (flE-hEp, 1993) THH|EL DT, I TREE
HECEET 2H 2RI 2L ED B,

ABEE LOBE X BB ERENTRINEZ T, &
BICHEER T okt T 5k, MEOECRUTOR
WERILT 5,

I=1, exp (—Zu:A X))
HBVIE,
ln(L/I):Eﬂ;AX; .................................... (2)
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s - BRAEN OB (voxel) § D X BROERK
NG
AX; BB X505 (voxel) [ ZYI2ER
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I, LIFEHAETH Y, 7 AXOEZ X BOASHHE
& voxel 2HRET HBWOBEEDE D FIc k> TEZ HH
Thrrs, LROBRET -F 2T
T uDEERDBIENTELRTH S, BHEIR DB
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1979).
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R E > TADEEREREL L7-TCT M, L LTERT 3
DOHB—BHTH 5.

W

N :CT{E
e - BRI OBBINEE (cm™)
Jow - ROBRBINIREL (cm™)
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BARDZFNEHARZ EIEERX/NIIFBEAL) LAY
20T, CTHEIE—1000 %3,

CT fid 5 WAL OEE 2RO 211, U TORTESR
ENZEERNFHEEZ2QRCRATRIE L v (McCul-
lough, 1975).

o-tzjﬁ_ ................................................ (42)
Cu= p: ................................................ (4 b)
I,
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P pu - BEAIB X UAOEE (g/cm®)
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O NCT 1y e
pe==g (1000 + 1) py (5)

BEBRIABOE R ASN X BO5EE, X R ewEoE
RO, $RESHMOTHRERERIC X > TEET
2, EEA X & CT #EBE TR, BREE X 120~150kV
WREINTWAY, 2OLEDXBEOEH T AN F—
X 60keVRBETHZ (BH, 1979)., ZOZANVF—4E
BCOMEERE, KTikay 7 vEEsEi, #iEk
BRI o v 7 CEELTINZ OEBRIR B XEY
L3, XEHROBEBEIRBADFLSIL, i
INF—EE-BRTFESTAELRL0T, BEEGE
HEEFES LA AR LTIV R 2ERA CT EETH
T 2BE0OBREHECIERR2ET S,

BRENLBOKEEUHERNOBE, T4hbbaE
AEDOKRE ZREENRETE2HEE, GREBVWT o
ZPREEF—EBERARTIENTE, FFPLOEEIROR
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AZGW‘pw/th: 1
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£ UTHW,CT fE & OBEfR % EARERF TR O TR RER
DEEBELHET 5FEPE{BHAIA TV S,

Wellington & Vinegar (1987) i, 7k LSRG (p,=
2.20 g/cm®) BIEHEICWE (o : 2.0~2.2 g/cm?®) DNER
BEREGEMLUTRD T3, Kenter (1989) 1k, #
W ST L I BIKEREO NNV BEL CTHEED
B8RS, R DIESDL T BRLTWS, Raynaud et
al. (1989) WHEEEOERAFRO CT B L HE & OB
PR, GIKELWEEBFRTIER ZERERCE
lT&2 L7z, Orsief al. (1994) 1%, BFEZa7
ZDoWTC, BEEFHD/NSWEH (p, © 1.97~2.07 g/cm?)
TIFHHRARE 0.98 OECEMLDIE D IO & &R
LTCw3%, Boespflug ef al. (1995) i&, #WRESB L O
WAESRE 2 57 L, CT DS SV 2 BER T, B

FEFESCHRELTWAZ L 2HLPIILTWS, &
nNeDZ iy, BEERPEET R, ThENR
LT B HERRIERE C EM L - BEERET A, B
B TR R E REREB LI E, LI
BEHETIEBRETHL I EERLTNS,
SEER S PXTR E U HERRI S () 13, ZEE0
DFEIC & > TEAREDS 200~900%LL L, /v 7 BWEEHS
1.05~1.30 g/cm*BEOEEREL 2 EHEL, ZOH
oSNV BEE1.5~2.0 g/cm*IBED VIV NEHERY) - K
TF 7 B R BRATHS Z EBSHIS T (A ;
1991, HHARE ;1992) .72 ZCZh s DK UL -4
BREET2HEEEL LT, KFTABLURY b4
FEBA, Bk s ARENL, BREABLELT
HSRICEEINTWEHDTDHS, "WVIEERIRKT
1.4g/cm®THY, TEFHEL T 1.10~1.40 g/cm?*fED
4HERERER LT, 7oV b A FEBIz DWW TR,
B R 11.19% TS, RIPER2EX T7 Vv XEL
Teb DT, NV7EEIZ1.60~1.95g/cm* DR D 6 1ZHE
Th5,
HIEEBHECREBEIL T ERSHA X B CT #
B (BREZ8 : TCT-7009) AW TRDIz CTELIE

pb=AMNcT./1250+1.00

2.00+
r;&lj
E 1.50
(pb)
%
e
S
1.00 /’0*
0 5(I)O

T
1000

CTf& ( McT)

851N EHEREO CT EE v 7 HE & OBIR

Q:AkTITAFREL, @ >4 K, —RBEEREEREDLT. FyVTVv—va RO
BBROMLE - BEEHRE1BIUR2 22ROk,

Fig.1

Cross plot of CT number (Ngr) versus bulk density (pb) in g/cm?® for standard samples.

O : water glass, @ : pressed bentonite, each bar represents standard deviation of CT
number. A linear relation with high correlation coefficient defined by Eq. 7 is clearly shown

between the two parameters.
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HEEERROIEE - BEEEMT~OERAXHCT X ¥ ¥+ OFH TR 135)

%2 EEMH X & CT BEETOa THREOKET
BEHBREMIEAT 2BE Lica7 2N, BEEX T4 FERTEKRITOFLREESMET
Wi G EE S,

Fig.2 A view of core analysis using medical X-ray CT scanner. Core and standard samples are

lined up on the bed on which usually patients lie supinely. Head plate is slid into gantry

stepwise so as to obtain the center slice image of each core.

w1 R FERALEXKRCT EBOMR

Table 1 Specification of a medical X-ray CT scanner used

in this study.

ft {23 i S

]

=3
i

A X ¥y UHRA
B £ # #H
X # € 8 E
u” E B &
B B OB B B

TCT—700S (EZH)
IFEEE (1.8~6. 0%
1,2,5, 10mm

5128

512%X512

R/R (E3#{t) A=
180~600mm¢ (5EERE)
120KV
55~200mA (5ER)
4~7%

RO NV 7 BE L OBREEIKICRT, ZOM»
5, ZLOEHIRDSNBE DD, NI EEN
1.0~2.0 g/cm*OQ&EETIL, CT E £ Oz TOR TR
BN IZITERIEERS DS Z BB,

Py =Ner/1250+F1.00 «wereveeenresneens eeeeeean )

RO CTEDIES DI, AN S ARB T30
B, x> bF4 NRBTE0BEOHBETH Y, ZHR
EROTHh L300 UATH o7z, ThX D SEIOSHIC
B2 EEEREMEIZF0.02g/cmEE L BB
TE 3,

2.3 E&T-IWMBERULE

StV X2 CT 2B %258 2 Kz, 7% Ofk
PEIRCRT.AEBR, @FAONACT A& v+ &
LTERNACE L ERLTWABEO—2 T, K10 o
PIZ A ¥ % ¥ E{REERAE 21TV, CRT LICERRT
ZZENHETH S, AEEOEEDORK T, 20cm &
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B L7 RE R 10 RREIL TR TN, Bt od
LR & BAMEGESEONS X 5 KRR BE CRE
U CERR &R L 7.

RO 27 25H T 285G, EREAKFERAHTRAZ A
AL, SMBTESKMCAS ¥y UTHESREZREL,
ENEEER L CHEAROWESREE 2 HFESERAS L
TWiz(z& 21E Orsi et al . ; 1994, Moss et al. ; 1992),
IR L, AT ERESA @AE) WX
4 AL, B—ERCHENT B2 FEEEA L.
ZDBE, EFRROBRER D &0 TIHEIE, A,
197D &> T7—7 4 7 77 bV BIEL, BEBENS Z
LREBETLHEND L, UBEETRRAT IR -8B
ROSER 2R * v > Uiz, BRAZIERC CT#ET
W~TOBEDT—F 4 7 727 b BITD oz, T OHE
iE, SRR R & EEEERRNON T 3 ERIO&H

CRBETH B, Lichto THREREERSE OIEREI
WS UPIOFMENL T, EAMCIEKE SRR
Wb o LW LT,

ZOEBWR, CTEGRENOKRDOERD XE7 14
WAERFTEBESMHBLTWBIED, TA4YINVT—
FOZFELRELTEA VFDTFT 4RI BT 4 T34k
BLTw2, LLLEHT - IERO7+—<v +T
AN TWBRY, SVaAY,/ T—IRAF—vavkh
TF - FHBEERTIRET7 +— <y NEERESLE L
55, EELZIOEKT -5 % MS-DOS 7 4 —< v b
NEBL, Y2y ETT 4 VY NVEGROLEERITS Z
BTCELYATLARBEL (FRR-hE, 1993), £hic
o T CT EfRELE " HIT LT,

FIE FIRIGRER & B OWDOAE
LW OX AR OR ERECAET 5.
Fig.3 A map showing the system of the Tone River with the location of the Lake Yunoko,

situated at the upper-most reach of the Kinu River ; one of the main branch of the Tone

River.
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3. HBREERE~OHERH

3.1 EEboBE

ST o FEAT L 7oL, IFARRBEXTBCAIET 5
BOMT, 1992 4F 11 BcHERE W EERETH 5.
BOME, KREIABEAKEFNTHRIIE AT 3
AR OB BRI MBS 2 (3 X)), BZicizBXH
I (R 2578 m) 212 U & 33 2000 m BA LD L&
Wz b, FERREAE (2100 mm ; 1940~1970 REEEY) H5F]
WIRR TR LZ WHBRO—2>ThH B, —FHRZI - F
RJITHE T, 758 £ (RIEEF 2 ) MBS -Eicbi: 5
BRI EEFRICEINT WS, Lizdd>TERD LS
RS 03, BT 1000 FEOMA & < BB L b o
72 RET 3 &, EREBOBOMRENETOREKRS THIER
CHAHERBSBI LI EZ5h, FOBKDE
A S PO THOWMOBEERBEY I bEHFIh T3
"EEESE Y, Thbb, BOBIL, BEodkEEL
TEARY MNYEEIO TFRAT - arv) LLTOM
B E N B (HEWIZD, 1995).

BB OB OWIX, HIHEER 1478 m, M 0.35 km?,
FAFRHT 3.0 km O/NEIERHIT, BIBROBRAKEIZH 14
mTH5., HAFNZERR L BXRETREDRED S
OFEABEO )T, FRERIIN 14km?*TH 5, EHlO
FHIERIE, HERI100m @ "B, 2ERLTEY, &
NELTEB > FE2RTL, PEFHCES, MERER
1.7X10%km3 & RS s Twa (H, 1992) OT,
WA L A TORKED & BfciET 5 &, Y
B 21 B £ 72 % (EERR T 17 B/4) R
(1984) 1%, 1979~1982 F£D 4 F bz > THDHMD
AN ZHE L, EEHEHE L LT 29~39 HOES:
HLUTWw2, BOWIGESE, BREYK - EEkon
R0 TEREMLIETL, BEBEEORERER LN
BEOONDE LI ->TDTEEOA RO 2BEL, K
7k ¢ BEYE L T EARIR B D I T 5 KEB e B
PRI TWS, DED XS 2¥MBREER, BB
EEHBYSERSUTORBEEH EHRKShTwE 2
EHIETCE Bk, BRI EREERD
FENERTHEBEEESIRENIEEREBEL TN,

3.2 REGEE

X# CT 2ZHWTHHF L 7z B OB AL, F4K
WA 18 a MR Th 2. BB IZH OB EOWEL T,
ZKERI 10.6 m, HIZHTIC IXHIREER > & WO Mo TEE
ET 3/ EEROREFHE L LTH#OT 32
ERTE S, AMAOHLEERE2ELN, ZOLITR

— DU STy U EBBELTER b R ERREE S FEA
SR CEGFREEFER L., ZoREBHEEZ 2EEXTH
AT F v v F v REHELTB Y, WE 60 mm DA
VF—Fa—THEAIm OB E—EIERTE L
BTE B, ZBEOHTIZ, 1988 FITH 3 m ORRIRE
BEF 24 MR TERI N TV 2 (A, 1991), A& T,
TS LEBEATZ I CHERMATESE DT T3,
BN LUEEE2ET ImBrRIEIL, BWibicswTd
BRO y B F ¥ (HHED, 1989) 2AWT 1 X7T
BESF AL 7 (FRIEIE 2, 1993). 2 OZEE I3/
AR CHEABE2LEL LRV dBRECoARES
WS, FHRAUHENC X o THRIFEBE RN BT 5 28R
Wic, HAIIF—F D 4 XK E L D % % TN
PEETH S, 22T, BFHRERAFCESTGHET
— & DAL RITS Y A7 AZBIFL (F21F D, 1993),
ZNE L VPR EHMRETE L CEE o7 74 v EL
Tw3, RIZEEE20cm BES CHAE L THEL, #F
Bhgo TXBMCTEB T LI, A v F—Fa2—7i
EX20m D7 7 VNS4 TEF—FTEEL DT

¥ 2 R BHREOBERERMEF
Table 2 An example of setting of the CT scanner applied to
core analysis.

object ID. 343

object name TEST2
acquisition date 93/02/25
slice number 07

scan rate 3.0

slice width 02 MM

tube voltage 120KV

tube current 140MA
pulse width

table location -0082 MM
oblique angle +00 DEG
object location SUPINE
insert direction HEAD FIRST
reconstruction function | FC1
comment

display direction FROM FEET
image area M

pixel size 585
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Fig.4

b3, Lizdto TEROBRRSENL L TEEHEF 1
7 TCRES LML, ETHEF >y PR LTEHLE
TZETHEETH 5,

—Riz, REFTHEECH L CRREBEEAS TR
BT 2858, a7 OPEENEL 5, YERIIOWw
TH, EAMVEAR2.52m iz LT, i 7 &k
B 8ecm BHL L 2.20m Thotle, Lich>Tar7n
EEEIIN 0% Lt Ea S, Lal, 37 OfEse
BlZblzoT—HTH2 w3 RESK Y 3L oFEEE
Wwicd, DEBIa7OEERREL L THRREED S,

RGN, BREGOBRMEREEFEL, B 1~10
B emBEOKABOKIUK, BEBEOY IV b, Bk %
Ee LHEERY REte, & B CHEDERIZIZ
AEBBELTaaL ROVAVREREL, RErEET 2

Sampling location at the Lake Yunoko.

CEGER SIS,

3.3 CTifg - WES & UBREOK

S8 - BHUBERVE, EEEEIC B W TRERO ik
TEFEH X & CT EB iz, ShEAROMEHRERE
L7z, BREEOBEBRESRMGE, F2REHARTE LD
ZEHBHRY 7 A Ve LTSRS TS, & scan rate
DEATIZFP, pixel size DFNIEZ ym TH 3,

table location \Z I3 B DEEENLE 5> & DIEHEHET S
NTw3, 7 image area : M X581 X% ¢ =300
mm Th5s I EEERLTWS,slice width I DWW T,
[El—WE T 02 mm & 10 mm 0 2 FEEREL T3,

BT —5 %, BiROFIEI Ul 28> THE L, 256 B
HBOTV—R7—NBIUV 64 BOERMS 7 —TRRLT
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MEEERE OB « HEEEMT~OEFRR XK CT X+ v - OFAE @ &)

HAOLB% 5 5 RiOR T, NERE RO IZIZHOR G
BEFEEBE) LOCTER 7O 7 7 A VERLIZBDTH
3, /a7y A4 VRITE, RROKERS CTEO 2, #
FHRIT 1000 1HIGE L T3, Z DRI HFRD 541525,
—i iRl CT B BB E R D 255 % (ReE 0%l
FHwEhT ) EAND 2, Z 0BG, CT EEEHRe
SELCEET S L, #ilk CT [BOLE2RET 5720
CREHESBRCHETANESEL S, 22C, £H
RENT CT O RREEE A2 KD, ERA O CT
EDHFAEE (ERE) PHFCE5 L) CFRELT
L7, ZOFHEBEA NS FL4a54 ¥ ay
LHRENBFETHY, AHEHRCCHBOH S5 —F
YI7 LT, SR ERFRT I FELLCLELIE
AushtTws, ZOFE-7A3) XLEHE (1994)
BHERLTWEOTREINV, BB CTHESEHA L
OXEEFRE 707 7 A VRIDETERLTH 3,
BE5EITR U7 CT EfIE, 18 a HiS CHER S fLi- 8
BEEARID S b, BEE 120~160 cm [ O4SE a7 2 K5 %
FHRLIZbDTH 5, WERIC D37 T FE
L, NEREEREE 2 BE L T XM CT BHROFHR L2
S U7z, %95 18222 FEH S 18 a 21 TENIZER
THEELRECT EFIX, BEN16cm OBTT 751
SR L TWwiz, CT BRI R T IN T3 L5,
DT mm F — 5 — DR T S FHFEL T
Wiz, FIEBEIK E~ K a0 D THlk o K ILK 2 £
L, B FEPE L (CT By — A7 7 b LT 3845
IR DEMBER BRATY:, a7 74 VE
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Selected logitudinal tomograms after image processing for the cores from the apparent
depth of 1.20m to 1.60m at the 18a site. The length of each core is 20cm. CT profiles
through the center of core are shown left. Range of CT number is from —1250 to +1250.

Correlation of CT number and gradations are represented as color bars on and below the
CT profiles.
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Fig.6 CT images of the studied cores at the 18a site from top (upper left) to bottom (lower
_right) . The range of CT profiles is from -1000 to +1500, which corresponds to 0.2 to 2.2
g/cm® in bulk density.
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