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X-ray CT scanning technique and its application to the Core 01 in the northern South China Sea for sedimentary
environment reconstruction
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Abstract: X-ray CT scanning and three-dimension reconstruction techniques are widely used in geological research nowadays. However, their
application to deep sea sediment cores remains rare. In this study, a deep-sea core labeled Core 01 taken from the northern South China Sea was
subjected to a full core X-ray CT scan. The images were imputed into Mimics, a three-dimensional modeling software, to carry out 3D
reconstruction of the internal structures of the core, which includes the pore structures at 0~ 1.0 m and the external shape of fossils at 4.2 m. The
results confirmed that X-ray CT scan is feasible for study of deep sea sediment cores. In addition, in combination with the AMS "“C dating data
of planktonic foraminifera, the oxygen carbon stable isotope results of benthic foraminifera, and the geological background of this region, it is
inferred that the formation of pores in the sediment core may be related to the release of natural gas hydrates.

Key words: X-ray; CT scan; three-dimension reconstruction; sediment core

CT(computerized tomography) , Bl 315411 W 2 A
B, IR TEAR IR YR S50 B AT B2 T, AR 48 4 4k A ik
JT SR IO o B (A . X B EROE L TR
SR AE ) MR B, ia F— o i EE T s, TR
MLAL L FE ) AR 2 2 T ) 4R EIMG, DL AR
— 2 R T YRGB = A BRSO .

1969 4E,

Y& [¥] T2 i Hounfield £ .31t T ML FiH B MUK )=
IR E, I T 1972 AFH X — CRAE U 24 4F & |
N, NI R TR R B A, XS CT
14 ( X-ray computerized tomography), B X 5} & 11
BALKZ M RS, BHAELER A S X G4 R
R EARAMEE G 07y, A O Y X G4

FENT B ] AR A SRS 0 ERIE OY 4 ¢ M b thE— L St W e A RO I DX B T AL (2019A1515110896)
TEE B 5 W H(1998—), 2, Wl L Fge AL, EZ NG A9 5 1 2 25T, E-mail: luyamin@pku.edu.cn

Yrfs B #A: 2020-11-09; 2B H#A:2020-12-18.  ZXAkH 4



216 YRR M J5 5 56 D0 20 b TR

2021 4F 8 A

OF 1o PRI A B, X — e JEE B Y )2 T R AT A
R N AN TR 28 0 b X5 28 B W AN T g )
PR 53 R AR 22 B SE DT RN (IR ) o 24 XURF 4R
A R T, Z T RS B AR R I TE—
TR B0 X 2, BTG X T4y
5 B AR AL T DA RAS B B 0y B A IR R WO )
SRR Y I TR N W M SV E 2V € EE N DN TRl
ANTR] 7 o) 2 o AR 2 I B AN R] e s R A X 2
¥ 5, A Radom A& ¥, BY EH1 A A 4T £
O B RE PR u(P,0) P LAY S ME— 1) R R AL f(x,p),
AT 5 T A 38 D b A S U ) 4B

— 4 7 # ( three-dimension reconstruction) , J& f§
X = 2 g A 3 ST 3 G TH AL R 8 AL B A Bl A A
AL B AT, AR T A RS R AR RN A
PR = AT B J5 i A DR DU A O35 = 4k
WA i W )23 T T 15 0 4k MR B IR R, SR AR A
— 1 JE DU R AT AR AR PR A 48 B A B AN = Ak, A
MAF B YRR TEIEAR . 2K T7 i F 2 T X4k
TR ZE R AT AR D AT AL, Lo B 22 5 AR ) = 4
RIS T A5 R 0 A1 EAS I A T X A S AR YR B
FEEAT = 2 R U5 1 @ FH IR E RO R
BRI , SR AT AR = A fe . T il
TR B, H TR NS, AR ME A N [E) PN AR A5 A X
B2 MBI, RORA T QT 0 H Mok #E 7 5,
{H R B2 B A T SR0KE B2 AL, = 20 T T HL AR AR
B A3 (DN R A 2 = AR A 32 sh RS ik
1Y sz B, R 5 R AT E A AR AT W AR Y e R SR T

=g=NEl

H.o o

CTHH S =k H B ARG N H T AEYE
MR R L #ER SR AR, BT 20 A
80 4 1L E X #% Conroy #ll Vannier H T A=W b A
FIWFFE, 3T 30 4F ok, CT HAlii & 5 — e d d 4
AR K SRR, 6 b TR K oty Az ) A A A5 v 4 o
AR AR ST YZ o U Zollikofer %8 F CT H 4l T 54>
2y 30 ka 19 J& L HEHE N St. Ce'saire B3k B A, &R
TR e R T NSk B R 5 A omk S R
3D Max il Cosmoworlds = 4 HEAE 4K &8 T 8% 38
A Chondrites 1 = 4 ST ARTE 25, I FH ALY 301 W&
0T 58 B ALY AT I A B = 4E KA, IF R/
FRUBE Ml A = 2 @A o B T — AR AR
By BORE A AE v B R 2 R R R
X SPk CT HMHAR, 456 =4 WA =/
T TS 8 BR AR AL A B NI ZE R, IERH T CT 4
FEAR AT LATE A BN AR A B 1 42 T A P e 1
R EE A X TR S A R E L B2 T

25 25 ) F Mimics B4 3k45 T 38t 46 41 Chondrites
1) =L, JF XA TR L AR R A A g,
A= st A AT — 4B A Y kG B AR P RE

TEDURR IR BRI 5 vy, 43 2R FH i ) - 25 90
SO OO A SS & 09 078, R, A d A &
MR H RO AR B CEE MAAA
AL BRI T 8 FH %) 7B A i YA R A
HB T BEXT ORI AT R B E, ANEBIR T A0
S5, T ELAT RE S I 1A 0 AR B A A A
B M HM I, CT S T 8@ A A o
FL B 25 48 I E 47 0 1 A Y 2 A AR R A LR
W, 2T R A T Rk R A 2 A O iy e 2
ATz WP AN, AR AR SRR CT 49 4 X7
PN I R AR R 5 8 R AR AT 494 L 40T
=, MR T A ARAE v R AL B 23 1) 43 A Y 3%
W 3 PRI IR, AR R L E RN AR R
b7/ B R R T ey Y I o |
WL CT 94 K& =4 d R, A RO T HZE
) FLALBR A5 R R AR, 42t T Y FL 2B A5 4 0 =
TR 5 ¥, IF ST T ) = 4 L 24 B 235 R 5 7 2L
A A B LB I 25 T ALY o 55 4k, CT H#id
R UCRR LB rh 7K G 0 ROUR 43 AT 1 L O 4k
A REIR AR, Jin S8R T 08 X S 2k CT £E-100 °C
AT ARECT VIR I R KGR Kb
R 23 18] 43 A 60 o e A AR R BE R Tl
AL X G2 Z A E R T TR ok
AP TOR TR AR IR S WF ST A CT S o7 FR I, mT 3l
PR IR SOK G WA . o 72, 4 L 7K
A W AE UURR AL B b B O 20 A IR o 2% g 4 1)
i it X 2k CT # SEM 1EZMI 17K 5 Y1 7e 4 AL
Huse A N BE BB B R AR KX — R AR, SR KA
W LR ML EE A 2 P 1 S O o B A TR

H T IBORE R BCRAE S B BR 1, 96 1 0 AR
DR FEAE G T 5 5t . WURAE AT UTRR Y M 22
b2 S AW SRR B 9 22000, R R X 2k CT
FH B A Bl 0 1) B AR DT RR G5 4 S T R Ak
HEAT TCANMK S, 28 AR 2 UOAR 2 Kty R85 22 5%
M E 478 . FCFR_E7E ODP(Ocean Drilling Program,
KHEHRTTHI) Al IODP (International Ocean Discovery
Program, [E R K7 & BRI b, X B4 CT HiE
IR A DT T B (B 2R 20 HAE A
— AR T, F T USRI A oA i 1), I 4
HEAH OC 4 B 5T ) 5 B0, Tanaka 45U & BT
AR AT I HERR 2 B2, 525 T X4 CT 34
L e AR B Al T B R R AT LA, R RTE a



PR, G5 X TR CT 145 = 4k 1 H R TE j WAL A8 0> Core 01 HH AR BT K

5 41 % H5 4 3]

NIRRT I EA 217

CT U RN T 50 05 AR . B8 A7 W 50 3 38
A I TV A O B RS R, DR AR DU AR S
HEJ SRR 0 PR T A 23 8] R AR B0 o DAL, AR5 2%
BRI X BFER CT FHHMHOR, X g LA 0 Core 01
HEAT =YK, I 456 AMS “C I AF 048 K Uik [
A1 2B A DU R T

1 MESIE

A RHFFE Y 0 Core 01 4 2017 4F 6 A FH R i
TRyl BHEL 017 5 3 A A v 12 0Tt YR A pig T L R
Biti 3 ) FH E O AR BOAS . i T 17°25.8782'N
110°46.171 'E( & 1), 7K 1 602 m, JLE P S B
43 mo TE AR R 5554 B B o8 i X 994 CT 4
J&i , Core 01 FEARFE Iz [BI B A7 T 5 1Y H SR 55 TR 5
— W PERFFE T, R X LR R UEAT T RN
TUBUER A

ARG T4 BT AR 2 43 B4 1 mm /3L
PR CT., fEXERE T, CT YAV A M ERIE R E S
HHERGIAT TAE, Mo &5 2000 4691 56 i
AL B, A T A R A T S R A5 30 9 2 57 (R E ak
— G EUR, B A SRR T R, 5 E RS
T[R4y R, TR A R 4 R R R R Y
Hi T IWARKEFEERHT Core 01 H4# (1)
1SR A B TE 1172 |l 0L CT 1451 (SOMATOM

HE/m
|50
- 100
1250

20° 500

1750
® Core 01 1000
1250
{1500
12000
2500

{3000

3500
4000
4500
5000
5500

6000
. ’ 6500
0° il
105° 110° 115° 120° 125°E

K1 Core 01 RFEALE S AT J B3l fir E413
Fig.1 Location of Core 01 and station E413 involved in

this research

DEFINATION) , #1775 O H i B B H ik
20 mAs, LN 120 kV, &EES UG, KA O
FETOR R 0] CT G 4219 77 Il 4 X-59 2648 A
W0, 5 sh A, H R O 90~ 120 min. il
TR I X TR 2538 D AR LU, 235 R il 28 o
JEE R R A AR o OR[N R XS R A A
AN, B, #e2 Ok AN . #E CT Ul v
AT LARYE S B (CT (E) ¥ & W R IX 50 JF, Y CT {8
o, FRAE ) R R o XS R B 1 AR Ak AT
T FRU RS A DU A B, I R 5 20 e R TR,
BE T A4S B — R BRI GR BE AL ) 508 CT YU A,
AW A B BUA O AR5 B 500 ) ES

I = 4 F R, KA B U RS S S
A = YEZS [ N, 7625 0] BURE B — A e bR S b X5
£ CT HAl ir i ¢ 2 i B s A7 3 78, 7 i
7 BB SRR BT R A DR T S, AR
U R AR = 4k 5 A #0124 Mimics 19.0, #
VERI R v, B Se0s 4 48 45 1) DICOM #g X (8145 3¢
5 A% Mimics 19.0 FbA 7] AL T, B 5 A$:
Y5 BRI AT K45 Core 01 709 CT K EE (] 2b) .
B S R AT Y A AR A R R B 5
Ji i 4 SRR = 4RI

(1) 38 Ao 8] 4 % 8] 1 o 3 Ak 3 B3 1L,
TR S CT B KB IEAH G, B % B K7
CT I B B v B BH 52, W] 38 3 K BE 25 53 X4 AN [ X
S, ()R 3 A R B X R DA g Xk ] 2 5

(2) i FH DX sl 3 K Tl e A0 25 B B 1 b 0 A e
XoF 7 P11 A A R 4 ) 8 IX

(3) i FH 5% R 2 %6 2 6 X6 T 20 IX sl 0k 47 240 41
AT B AR X

Bl 2 Core 01 %5 351 T B K K 7 7
a. ST, b. CT K 1 A

Fig.2 Profile and CT gray scale images of Core 01

a. profile, b. CT gray scale images.



218 T b 5T 5 56 DU 40 b

2021 4F 8 A

(4)fift FH S W =43t 50 H AR X7 =4 &
B, AR SRR

110 NS BT S S = - - | [ ST e
MR AL, AR 5 O O, AR B 9T 38 R B T LR
FE&, B SRFRZ R 10 mL. A b 2445 BEGUiA
AW O IR BEAT AL B, X 0.82, 2.24, 4.04 m
B 3 AR b 89 7 A fL B ( Globigerinoides ruber
N T 42 R Trilobatus sacculifer) #4717 AMS "C
A5 £F 0.02 F110.82 m P~E il v 43 il Pk 0 AL 5 4 1Y
JE WA FL B F Cibicidoides wuellerstorfi & N A=
il Uvigerina peregrina i#f 17 %2 5 % B [8] 7 = & -
FE i B Pk TARTE AL 5t R A Mk 5 23 [ B} 2 2 B
5 DU 42 S 5 SE A AT L 3L AMS MC 9 FE i Beta
S 5E R, 19 3 09 AR IS E s A 1T Marine13 i 47AL
1E; & e R 67 28 DU 7 [R) % K 2 v 1l ot [
HE R = 5E B, T AR MAT253, SR H] PDB
PiifE, BRI R 0.1%0 o

2 4%

Core 01 50> H Y 31 17 B AN 1 2a T 7, 5 Ok
B 43 m, HERZ4 R 105 cm, LIRS 3, Bif 2
WoRER A, KA. P o~1.0m 24 HAEH
##50.3~0.5 cm FLFR, H Al WL D525k 1.0~2.0 m
B 2.0~3.0 m AJ UL EUR B L6 A B Rk 6 4, B
2.0~3.0m Bt MUKk (802 S AE W IE; 3.0~4.3 m
AL SRR S B G | RN SR | BRSO BT UKL
K8 o AR13 6 Core 01 CT K K44 (& 2b)
Shy i LA A T R — LR B G\ T L e T ek

(4 7 ), TT 3R A5 O B S ) o B 0 T 1% R AL
55350 TF B 5 0 390 X FG, CT ¢ 1 ] LS fin 37 48
o F 0~ 1.0 m A FL B S DR 2 B 45 4 1 A
oo WAL, FEALFE CT BRI, 38 & A 02 4.2 m
Ab M BB B A v G- 2 ) B X8, RPAR 2 bt 4k %85
BERR, AH K —FEAE I AR A O B s . K
CT {0 0 HU, 253/ CT {E A—1 000 HU. AR Hi
FH0E CT {EYEF—1023~3042HU., HAF0~1.0m
FRFLBR Y CT (75 Bl -1 023~ 148 HU, 3.0~4.3 m
Hp 28 A R X3 Y CT (B LA 1708~ 3 042 HU,
SR R I W Ak &5 KA T B B A SRR, AR IR E 5T 4
XTIZ AL AT = A, DAARAS TR A A DT R 4G
FHFAE

BARTFLBREE B LT Core 01 A0 0~ 1.0 m £,
S B T PR U0 D AS [R) T 2 A RO L 3 (B
B R A S0k, B4 FLBR 7K o CT K B o ir R
FLBRIE A 5250 bR g 45 A W) &, [FIRF CT {8
R HEA AR . ASCHEEL T Core 01540 0.38~
0.58 m Bz (&l 3a) 47 — 4 d d, & BlaxX — X I fL
Bl 5 To gt — 7 1] 194 SR IR, DS ) A B L5, A
SR AR BB URCIR, 5 O T LR L T T
FE AR R LB 2 O N TR TR AR | A J K 43 A 1 1
(K 3b,¢),

Core 01 24 4.2 m PR 4b 55 % 8 X — 4 o i 4
H R, IR AR R R, DR AT, AR
T AR /0N B9 T Ak i T P DAL AL MR bR 45 4 (51 4) , 98
W HE W7 R — MO P e AR, T RE A R B v 4 R
o LRI, 78 CT Hili iy = de s gt v, v IR
BT EOUEEA R | B RAATE T A O N 2 A A

Bl 3 Core 01 #» 0.38~0.58 m Bl [ 18] & FL K ) = 4k o i 4 7Y
a. FITHT ], b-c. AN [ J7 A0 A1 T A9 FLBR = 4 T AR L
Fig.3 Profile and 3D model of pores in section 0.38~0.58 m, Core 01

a. profile, b-c. 3D model of pores from different perspectives.



P AR, S XA CT $13M-5 = 4 8 2 HOR A8 jY g U5 40 Core 01 H AR B T B

%4146 5 43

NIRRT I EA 219

4 RFETTHAALM T Core 01 %50 4.2 m KbBR R Eh 10 A
A Y
Fig.4 3D model of the carbonate fossil from different

perspectives at 4.2 m, Core 01
Je AR TURRARAE, Xt J& = 4k & 2 ) P BT e
AMS "C | 4F 75 F) 0.82 m &b 4F #% H 6.920 ka,
2.24 m AL AE IS K 15.320 ka, 1% LAY JIE #F (4.04 m) 4F
1K T 43.5 kao 0.02 F1 0.82 m IS A#G A5 FL HL 36 A= Fh

C. wuellerstorfi B % [F] 157 2% 53 51 S 2.73 %o . 2.72 %o,

B[R] 37 2 23 5110 0.30%0 . 0.21%o; iS4 FL HL PN A=

Fl U. peregrina W9 5 [F 7 28 53 54 2.57 %0 . 3.34%o,

B [R5 535 —2.75%0 . —0.25%0.

3 g

3.1 Core01 &> 0~1.0 m iR EBH S

1E Core 01 70> 0~ 1.0 m [ = 4K &2 v, & 91
KAEMECR  KAREE W . REH T CT 4§
A BRI, AN 20 L BRE B 0 GO 1 25 4, JCTE R
W 2 5 o A AL ARLAE BURE B R B B O B K
AR, RARIIE A Y EE £ A . IR
S DX Hl R D A AREEAL TR B (&1 5) .
HI AT FEIA Sy V4 P 1 A 52 e 2404 3V I 52 i, T IS
KB R, V2 )2 Gk A A A DY Al DR IR )2
M 20, B R R AR AR B IR AR S
HEBGE E o T A 78 4500 7 pi W LS PG V0 1 R R 5
T Y e Tk B S, o, E413 337 (18.00°N,
116.49°E) (& 1) fE/K ¥ 1750, 1900 £ 2 050 m fY JiE
JE K b B S PR SRR AR VY Y MR P A
I SR A BUAE SRy Y e v SR T 30 U 19 48 SR ik 1R h 25
SEURL, I 45 A M ER Y FRECHE 4 TNk R e T AR )
Hedii 5 RKIR KB W 5 ff A7 5, Hol 2547 F Core
01 b7k %y 800 m &b . %& T AT AW BFFE LS IR, 456
Core 01 ¥ v/ [ 4 Ji 35 5=, iZ v 7 0~ 1.0 m H Y K
ZAER L AT RRIR B FLBR T BB 5% X IR KR SRS

K5 2R T i 3 2 AT e 7 ) i T

Fig.5 Seismic profile of the joint cruise in Qiongdongnan area.

YRS B e B e A G

HBe 2 T B AR B R ER DUUE 7 WL T 2 BRI IS,
R K HY e DR U2 fE (AOM, anaerobic oxidation
of methane ) 55 i ik £h i4 J5L (SR, sulfate reduction) ,
JEEUTRR W) v HE o R T30 o8 L R /K B B2 385 m, A 1 B
A i R R B DL TE , BT 1 e SR S ALK i
T R AR 2 A B vy 2,

CH4 +S0;™ — HCO;3 +HS™ + H,0

FH e T B e [v] 467 28 2 3 I T 1E B IS 2 K v
Vs i oML ) Bk [ o7 2= 18, HH Be IR AR A 5 it R R
0 Ji 1 2ok 2 A PR IS UL AR ) AL B K 5 R JZ K
BRI i T ML T B ik W) 7 2= 70, 3 — 5 Il s 2
T 7EUUAR ) 2R T Bk 2 DUER Y v IS A A L i
SR, RN FEAR §UC HFRHIEF E AW 1o [FEF, 7K
B W 53 A 23 5 ] L K A 4R 180, T {8 AV A L
AR 80 fE i 1E 22,

JEMEA FLH C. wuellerstorfi hF A=, Hog (k4
Tk [F) 67 2 FE L0058 12 1 7K 0% S [ 57 2246, T
U. peregrina ) N =, HFE IR [R50 5% T FLBR K
AR R R . BT Y 1500 m RZVTY
FRIRAEAE FLH C. wuellerstorfi 1) 80 {HZIH 2.3 7%~
2.62%o0, 8C fHZI A 0.18%0~0.27%0; U. peregrina i
8O fH LA 1.73 %0~ 1.98%o, 8°C {H 214 1.08 %0 ~
1.17 %o ®29, Core 017 > 0.025 0.82 m#ib C.
wuellerstorfi 1] "0 {H53- 514 2.73 %0 F1 2.72%0, 5 7
T AR [7] 7K TRIZ P 10 S [R] 67 26 (R AH LE Wi IE ; 8°C
(0.30%0 F1 0.21 %o ) 55 B T AR [7] 7K 2% Ff (14 55k [7] 57
FEITTWH B2, 1 U. peregrina 1 60 1E (2.57%o
H13.34%0 ) W] 54l 1E 5 8C 1B (—2.75%0 F1—0.25%0 ) W]
A B, 3K 5 RTINS 5 T 5T IR
B fLH SR U. peregrina 1% [R5 2 4716 24 0~ —6 %o
(1 B O A — BT, fR O, FRATHEWT Core 01 5 00 Bt
AT DX S84 R T LR W BB AEAE K W 03 il R it A
HETTIERL T 0~ 1.0 m POARY) I S8R 4Bk
1 FLBE



220 YRR M J5 5 56 D0 20 b TR

2021 4F 8 A

32 XHELCTHRR=ZHEEMNEX

VPR U AR AE T 8 K IsF i) 11 3 2 OB IE 5
HEE TG B, (H IR BUA F R 2
R, TRl 22 2 50 AR IS, DR (R
B, FES T B R . XTI O, A B L
A 1m) B TF IS AT UOR Y v R L B DUARSS
¥ . ¥ 1 SRR, B F R X SR CT Bl
B = 4 R B AR DR R S R R AR . TE—
SRR ER A ORI b R DL S KR AL
B, A6 T 0 s B rhonT e S (AL B v 1 K o R R
HAMRE L, TR R DLRRRAE o b, ] i
WL HOBEA IR DTRG0 1Y B RR1E, Jo i HI WX
TURLEE ¥ 6 TUAR W v 10 = 4 S A, ) A £ 35 T b
R YTV AE S N JCRE S J1, 1 X 4R CT H 4%
K = He E @R AT DLk R A 2 R E R

Core 01 0> 0~ 1.0 m 7/ T 1 7] UL 22 £L Bt 43 i
{3 B Bt = Y1 TR 2 B AR URRY) b ) 43 A L
A HRAEE JC i D) T P R R AR o 3E X 0.38~0.58 m
DR X G54k CT 494 EMG = 4 5, & B
R B AL B S PR A T E ] B SR IR S5 1, A
] ffy B L%, FLrpAg S KA B AR B, AR A
=Y A A A R A B T L BRI AL B S .
AN AS B 5238 %+ Core 01 CT K EE K Hh /R #Y 4.2 m
b5 B S R TR AT T e A, R IR
WSRO T — IR 2RI AR, T A A T
RAEH w5

BZ, X2 CT 4 HR AT DUFE R R 5 0
BT T A5 H R A AL, AT LAAR AT H ) I ik
TR BE WL 22 B (1) TUAR S5 48 AR, A 34 1 i H
IS, BRI O B AR AR T B BB S O s
A, R PEBF I E SR, AT LUk R [A] 2 BE R CT H
AL ES o 7E Core 01 i T 38 o] WL 22 Ab Ui AR 48 3 B
S, T AR PR B, AT e
SRR AL, H B X SR CT RS AT Ik 1 fek
G, e b T LR AU P TR 4 1 25 4
fiE o B BUAYZE R Tolk CT 345 RE H2 115 Y 147 S W Wi
fof B CT B, RV 2o B8 DU A & AS [R]85 % X 5 26
140 TR S R 3 e i v = A s A, R R AR
[vi] 90 J5 2 00 A% %k 42, b X5 2R I U R R T
A REAR A R S B . B A2 AR FE 5 AR A R
Fb 2 R, S R AR AT G 0 25 18] 43 B R AR T
IS AH o T[] 2D R S X R A R R
W22 B A5 5 A L Ly A A5 Ao B2 AR, (ol 45 8 3 AH
ZEINIRE S B AR AR kG BE A UG, BT AR A

B — A DS B 8 = AR TCA R A D 7 52

()X R CT 45 B = 4k Fdt o] DL R &
A PN S 1) B 20 5 4 S DU R AR AIE , Sk DRV DT R 24 T 5%
P TR R T B

(5B —F B, AWFRIKE T Core 01 50>
FE 0~ 1.0 m YFLIR = 42549 I 4.2 m &by £ Wik A4
FEARMINTRILAS, 456 TR A FL 3L AMS “C 4R
JEC AT A L H SR [R) 67 28 45 R, DA Bz i o7 19 1 I 75
B, HEWTIZCA O 0~ 1.0 m FLER A BT RE 5 1% X K
REIKE YR 5% .

(3 X 4 CT 44 78 1o o7 7 iiF 5% vh 45 3]
STz (R I, K 2 e T SRy YA B DU AR A BE
IS

£ ik (References)

(1] Bt XN, S, . FIH CTHRRBAR AT R Lk 58 LR AN
JRH[I]. vk +, 2013, 35(1) = 193-200. [CHEN Shijie, ZHAO
Shuping, MA Wei, et al. Studying frozen soil with CT technology:
Present studies and prospects [J]. Journal of Glaciology and
Geocryology, 2013, 35(1): 193-200.]

(2] Zeig, WHRHS, XE0R, % XA R EIE R R UKE
W wE T R [0, B e PR oA, 2012, 31(5) + 93-99. [LI
Chengfeng, HU Gaowei, LIU Changling, et al. Application of X-Ray
computed tomography in natural gas hydrate research [J]. Journal of
Tropical Oceanography, 2012, 31 (5): 93-99.]

(3] mdl. =gimE@RMARGHIID]. WRKFE LA, 2009.
[GAO Jian. Research on 3D reconstruction application system[D].
Doctor Dissertation of Shandong University, 2009.]

[4]  Conroy G C, Vannier M W. Noninvasive three-dimensional computer
imaging of Matrix-Filled fossil skulls by high-resolution computed
tomography [J]. Science, 1984, 226 (4673) : 456-458.

[5]  Zollikofer C P E, de Ledn M S P, Vandermeersch B, et al. Evidence for
interpersonal violence in the St. Césaire Neanderthal [J]. Proceedings
of the National Academy of Sciences of the United States of America,
2002, 99 (9) : 6444-6448.

(6]  A-dacm, Shati, WK, /NS Hh R 4k = 4 B R —— LS A A
ChondritesFl 7 O = 4E AR A [J]. 1 HLBE2E4H, 2008, 10(2) = 207-
214. [NIU Yongbin, ZHONG Jianhua, HU Bin. Research of 3D
Modeling on small-scale geologic body - taking 3D modeling on trace
fossil Chondrites and drilling core as an example [J]. Journal of
Palacogeography, 2008, 10 (2): 207-214.]

(7] B, XA, 7%, . XS RCTHREARLE P it E R AL
AR RIS [I]. A4, 2010, 49 (1) - 133-137. [XING
Yaowu, LIU Yusheng, SU Tao, et al. Application of the X-ray CT

scanning technique on a late Miocene pine cone from Yunnan,


http://dx.doi.org/10.7522/j.issn.1000-0240.2013.0023
http://dx.doi.org/10.7522/j.issn.1000-0240.2013.0023
http://dx.doi.org/10.7522/j.issn.1000-0240.2013.0023
http://dx.doi.org/10.3969/j.issn.1009-5470.2012.05.014
http://dx.doi.org/10.3969/j.issn.1009-5470.2012.05.014
http://dx.doi.org/10.3969/j.issn.1009-5470.2012.05.014
http://dx.doi.org/10.1126/science.226.4673.456
http://dx.doi.org/10.1073/pnas.082111899
http://dx.doi.org/10.1073/pnas.082111899
http://dx.doi.org/10.7605/gdlxb.2008.02.011
http://dx.doi.org/10.7605/gdlxb.2008.02.011
http://dx.doi.org/10.7605/gdlxb.2008.02.011
http://dx.doi.org/10.7522/j.issn.1000-0240.2013.0023
http://dx.doi.org/10.7522/j.issn.1000-0240.2013.0023
http://dx.doi.org/10.7522/j.issn.1000-0240.2013.0023
http://dx.doi.org/10.3969/j.issn.1009-5470.2012.05.014
http://dx.doi.org/10.3969/j.issn.1009-5470.2012.05.014
http://dx.doi.org/10.3969/j.issn.1009-5470.2012.05.014
http://dx.doi.org/10.1126/science.226.4673.456
http://dx.doi.org/10.1073/pnas.082111899
http://dx.doi.org/10.1073/pnas.082111899
http://dx.doi.org/10.7605/gdlxb.2008.02.011
http://dx.doi.org/10.7605/gdlxb.2008.02.011
http://dx.doi.org/10.7605/gdlxb.2008.02.011

P AR, S XA CT $13M-5 = 4 8 2 HOR A8 jY g U5 40 Core 01 H AR B T B

%4146 5 43

TR HIR

221

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

China [J]. Acta Palaeontologica Sinica, 2010, 49 (1) : 133-137.]

T2, IR, KR, S = S AT SR R (1], R AR
&,2016,40(4) : 401-410. [DING Yi, SHI Minmin, LIU Yinan. New
advances in the three-demensional reconstruction of trace fossils [J].
Journal of Stratigraphy, 2016, 40 (4) : 401-410.]

WL, 03, H4ER, 55 CTHMBORMES L =4E Sl P N
[J]. cTHIL 5 M AW, 2018, 27 (3) : 349-356. [Pan Rujing, He
Xiang, XIAO Weimin, et al. Application of CT scanning technique in
core 3D reconstruction [J]. CT Theory and Applications, 2018, 27 (3) :
349-356.]

MRoIE, RIER, 2. JETCTHEH M ARBE AR A A R FLRR
SE AT AN = 2 E g (], K L ORFFIEAR, 2015, 35(1): 133-138.
[XU Zongheng, XU Zemin, LI Lingxu. Soil macropores quantification
study and 3D reconstruction in Vadose Zones of hillslope based on X-
ray computed tomography [J]. Bulletin of Soil and Water
Conservation, 2015, 35(1): 133-138.]

FRI, R 5, #HT, & R FCT=4 A mM LR RS54 45
ERAEA T (1] R 25, 2017, 42(8) = 2074-2080. [WANG
Gang, SHEN Junnan, CHU Xiangyu, et al. Characterization and
analysis of pores and fissures of high-rank coal based on CT three-
dimensional reconstruction [J]. Journal of China Coal Society, 2017,
42(8):2074-2080.]

Jin S, Takeya S, Hayashi J, et al. Structure analyses of artificial
methane hydrate sediments by microfocus X-ray computed
tomography [J]. Japanese Journal of Applied Physics, 2004, 43 (8R) :
5673-5675.

Wl ft, 2RI, LI, 4. TURAIFLBR 2 8] RAR UK SO0 43
AL (T]. HhERPFE 224, 2014, 57 (5) : 1675-1682. [HU Gaowei,
LI Chengfeng, YE Yuguang, et al. Observation of gas hydrate
distribution in sediment pore space [J]. Chinese Journal of
Geophysics, 2014, 57(5): 1675-1682.]

AR, W, TR, &5 AL AU BB ARLTTAR R R
IRFOKE T BB A RHAE (R 2 18 [T o R HuBRRL 22, 2016,
59(11): 2223-2230. [LI Chengfeng, HU Gaowei, ZHANG WEei, et al.
Influence of foraminifera on formation and occurrence characteristics
of natural gas hydrates in fine-grained sediments from Shenhu area,
South China Sea [J]. Science China Earth Sciences, 2016, 59 (11) :
2223-2230.]

Ashi J. Computed tomography scan image analysis of sediments[C]//
Proceeding of the Ocean Drilling Program. Scientific Results. College
Station, TX: Ocean Drilling Program, 1997, 156: 151-159.

Tanaka A, Nakano T. Data report: three-dimensional observation and
quantification of internal structure of sediment core from Challenger
Mound area in the Porcupine Seabight off western Ireland using a
medical X-ray CT[C]//Proceeding of IODP, 307. Washington, DC:
Integrated Ocean Drilling Program Management International, Inc.,
2009.

Orsi T H, Edwards C M, Anderson A L. X-ray computed tomography:
a nondestructive method for quantitative analysis of sediment
cores [J]. Journal of Sedimentary Research, 1994, 64: 690-693.
Tanaka A, Nakano T, Ikehara K. X-ray computerized tomography

analysis and density estimation using a sediment core from the

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Challenger Mound area in the Porcupine Seabight, off Western
Ireland [J]. Earth, Planets and Space, 2011, 63 (2): 103-110.

EEE, IMRE, TR, . TEERIETE R AR UK E VR KO
SR TS A L] e 5T 55 55 U 20 5, 2005, 25(4) = 85-91.
[WANG Hongyu, SUN Chunyan, ZHANG Hongbo, et al. Origin and
genetic model of potential gas hydrates in Xisha trough, South China
Sea [J]. Marine Geology and Quaternary Geology, 2005, 25 (4) : 85-
91.]

FHEA, FIVRBH, HREER, 45, m AL H s IR S A AR LR : i
TR K F e e R E S (] V4K, 2008, 30(6) = 69-75. [YIN
Xijie, ZHOU Huaiyang, YANG Qunhui, et al. The evidence for the
existence of methane seepages in the northern South China Sea:
abnormal high methane concentration in bottom waters [J]. Acta
Oceanologica Sinica, 2008, 30 (6) : 69-75.]

Wiib, SEArH, G0, 5. WG VE VDI R BRIR #h 45 58 S S Lons F e v
SR BN RN B SCLI] . BRI 7R, 2007, 26 (2) : 26-33. [CHEN
Zhong, HUANG Qiyu, YAN Wen, et al. Authigenic carbonates as
evidence for seeping fluids in Xisha trough of South China Sea [J].
Journal of Tropical Oceanography, 2007, 26 (2) : 26-33.]

Yang K H, Chu F Y, Zhu Z M, et al. Formation of methane-derived
carbonates during the last glacial period on the northern slope of the
South China Sea [J]. Journal of Asian Earth Sciences, 2018, 168: 173-
185.

Mackensen A, Wollenburg J, Licari L. Low 3"“C in tests of live
epibenthic and endobenthic foraminifera at a site of active methane
seepage [J]. Paleoceanography, 2006, 21: PA2022.

Martin R A, Nesbitt E A, Campbell K A. The effects of anaerobic
methane oxidation on benthic foraminiferal assemblages and stable
isotopes on the Hikurangi Margin of eastern New Zealand [J]. Marine
Geology, 2010, 272 (1-4) : 270-284.

Cheng X R, Huang B Q, Jian Z M, et al. Foraminiferal isotopic
evidence for monsoonal activity in the South China Sea: a present-
LGM comparison [J]. Marine Micropaleontology, 2005, 54 (1-2) :
125-139.

Shackleton N J, Hall M A, Pate D. Pliocene stable isotope stratigraphy
of Site 846[C]//Proceeding of the Ocean Drilling Program, Scientific
Results. College Station, TX: Ocean Drilling Program, 1995, 138: 337-
355.

Hill T M, Kennett J P, Valentine D L. Isotopic evidence for the
incorporation of methane-derived carbon into foraminifera from
modern methane seeps, Hydrate Ridge, Northeast Pacific [J].
Geochimica et Cosmochimica Acta, 2004, 68 (22) : 4619-4627.
Ketcham R A, Carlson W D. Acquisition, optimization and
interpretation of X-ray computed tomographic imagery: applications to
the geosciences [J]. Computers and Geosciences, 2001, 27 (4) : 381-
400.

BCERZE, BRI, KRR, MM RR A = ETE AR BRI L 1],
A AR, 2014, 31(4) : 440-452. [YIN Zongjun, LI Gang,
ZHU Maoyan. Three dimensional nondestructive imaging techniques
for the microfossils: a comparison [J]. Acta Micropalaeontologica

Sinica, 2014, 31 (4) : 440-452.]


http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1306/D4267E74-2B26-11D7-8648000102C1865D
http://dx.doi.org/10.5047/eps.2010.12.006
http://dx.doi.org/10.3969/j.issn.1009-5470.2007.02.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2007.02.005
http://dx.doi.org/10.1016/j.jseaes.2018.01.022
http://dx.doi.org/10.1016/j.margeo.2009.03.024
http://dx.doi.org/10.1016/j.margeo.2009.03.024
http://dx.doi.org/10.1016/j.marmicro.2004.09.007
http://dx.doi.org/10.1016/j.gca.2004.07.012
http://dx.doi.org/10.1016/S0098-3004(00)00116-3
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1306/D4267E74-2B26-11D7-8648000102C1865D
http://dx.doi.org/10.5047/eps.2010.12.006
http://dx.doi.org/10.3969/j.issn.1009-5470.2007.02.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2007.02.005
http://dx.doi.org/10.1016/j.jseaes.2018.01.022
http://dx.doi.org/10.1016/j.margeo.2009.03.024
http://dx.doi.org/10.1016/j.margeo.2009.03.024
http://dx.doi.org/10.1016/j.marmicro.2004.09.007
http://dx.doi.org/10.1016/j.gca.2004.07.012
http://dx.doi.org/10.1016/S0098-3004(00)00116-3
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.6038/cjg20140530
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1007/s11430-016-5005-3
http://dx.doi.org/10.1306/D4267E74-2B26-11D7-8648000102C1865D
http://dx.doi.org/10.5047/eps.2010.12.006
http://dx.doi.org/10.3969/j.issn.1009-5470.2007.02.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2007.02.005
http://dx.doi.org/10.1016/j.jseaes.2018.01.022
http://dx.doi.org/10.1016/j.margeo.2009.03.024
http://dx.doi.org/10.1016/j.margeo.2009.03.024
http://dx.doi.org/10.1016/j.marmicro.2004.09.007
http://dx.doi.org/10.1016/j.gca.2004.07.012
http://dx.doi.org/10.1016/S0098-3004(00)00116-3

