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Research progress and prospect of relationship between double bottom
simulating reflector and the accumulation of gas hydrates
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Abstract: The double bottom simulating reflector (DBSR), which is important for the accumulation mechanism, distribution and
enrichment characteristics as well as drilling and exploitation site optimization of gas hydrates, has become a new international
research hotspot. The research on the DBSR abroad mainly focuses on the recognition, formation mechanism and the relationship

with the accumulation of gas hydrates; nevertheless, the mechanism of DBSR is still ambiguous. Especially, the unification of DBSR
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with hydrates and free gases for carrying out the study of the dynamic accumulation of gas hydrates remains at the exploratory stage.

Evidence of DBSR has been found in the South China Sea, but the research on them has been very insufficient and seriously lagged.

2020 4F
Therefore, it is an urgent need to carry out the study of the recognition and depiction, the formation mechanism and controlling
factors, the developing and evolution of DBSR and their relations with the dynamic accumulation of gas hydrates, as well as the

effect of DBSR on the exploration and exploitation of multiple—type gas hydrates. The investigation of the relationship between
gas hydrates can also promote and develop the research.

DBSR and the dynamic accumulation of gas hydrates and establishment of the dynamic evolution models of the gas hydrate—free

oil and gas exploration engineering; South China Sea

gas system will provide important scientific basis for the intensive research on the genetic mechanism, distribution regularities and
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Fig.1 Seismic reflection characteristics of the double/multiple BSR in the gas hydrate occurrence districts in the world

a—Multiple BSR in the Storegga slide area west of Norway, after Posewang and Mienert, 1999; b—Double BSR in the Nanhai Trough, after Baba and
Yamada, 2004; c—Double BSR in the southern Hydrate Ridge offshore Oregon, after Bangs et al., 2005; d—Double BSR in the accretionary wedge of

the Manila subduction zone, after Wu et al., 2005; e—Double BSR in the western Ross Sea, Antarctica, after Geletti and Busetti, 2011; f—Multiple

BSR in the Black Sea, after Popescu et al., 2006

et al., 2005) . f& # X & b 7K & 9 (Bangs et al.,
2005) . 7 W% Y & 5 16F (Geletti and Busetti, 2011).
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Fig.2 Seismic reflection features (a), scan stacks (b) and relative semblance velocity analysis (c) of the double BSR in the Ross Sea
(after Geletti and Busetti, 2010)
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G EXUBSR Z T BSR TR YR & 1A L £
M BESE AE R BSR I [RIORA7 . RIS R TR A
X T B R R B E A5 T JE Y (HXUBSR &
B DAL 23 Y B 2 ) A8 3 16 Bl o 0 R 1
S ARG 31 (Biinz et al., 2003 ; Geletti and Busetti,
2010; Zhang and Wright, 2017) , fEX Pl 5 5 T,
A BSR & WA O KR A I HLBRATI AN
224 BSR 5 REH-RARAM R X R

55 BSRAALL , BUBSR 57K &) UG R 5y
%, XWBSRM [ BSRIEH HIAKEIHSKEY
FarE BRI AL, BSR BYARRE R A E 18 HoaT Rk
PR KA Pk 2 BUK S BSR 5% B (Posewang
and Mienert,1999; Foucher et al., 2002; Baba and
Yamada,2004; Bangs et al.,2005), i & J& /K &9 F1 H
AR 2Z [8) ) 3 9 7 11 7 (Baba and Yamada,2004),
A FH NN IR EWE T E AR TR
[fi (Tinivella and Giustiniani,2013), Song et al.
(2003) ARG XEAE (2003b)F1 FH 4 Sy i 5%
53 B H AR 7R R 0 DU BSR 8 25 A 9, XL
BSROG I AT 94> J3E e T S R 1Y) g iy, AT
(7 7 WAAAEARER B2, B PR fen AT 3k )
il FL 35 %50 BSR 5N BSR. EBSR Uity
T~ BSR 5 4 s U S UUBR th B KA WA O, T
T BSR T Jy WA A 5 AR b A R A G
[ BSRZ T AR AT LA i R A 5 7K B i i
FKGURR Py s S 5 A i B SR TR CR Tk
4%, 2003a), £E % Wik 4 0 4 (Geletti and Busetti,
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Fig.4 Geological factors affecting the formation and preservation of double BSR
a—Double BSR in the Storegga slide area (after Biinz et al., 2003); b—Double BSR in the Kutei Basin offshore Indonesia (after Zhang and Wright,
2018); c—Multiple BSR offshore Peru (after Auguy et al., 2017); d—Diagram showing how tectonic subsidence and sedimentation influence the
formation of the double BSR (after Auguy et al., 2017)

2010) M 227 i 5K & W) 43 Aii [X. (Popescu et al.,
2006 ) JUJHIESE XL BSR T BRIAEAT F i 1037 25 <
T B AR A 55 AU BSR AYTE G RV (1 5) .
ODP Leg 204 iR SR 45 L U], 7EAH X 7 A1k
B NBSR K H X, 76 [ BSR 19 [ N 4l
KT KA, MiAE_ L BSR N EEHEAEFAEY,
UESE - BSRACER T F 5 K S WIRAE 0 JICHF I A, ifi
XUBSR Z [H] (R BSR Z F) I A — s 2K & WA
B%(Tréhu et al., 2004), Andreassen et al. (2000) 5%
AR, WUBSR T 5 AETEE B S —FF-IE , 75 2 AN
[F) SR 53 7K A P DTRR RG0S SR R i e, i
FH“H " BSRAEMEREIL AL Ty , PR A R 46 )8k K it i
Z M BSR 5 A TIRMIKEWA . (HAFEM
)2 , AUBSR M TE 18 2% 55 7K G W 8l 285 i 2% D) A
K, EHLATREAE V5 3 K G W i 53 il A R LA, XoF ik

—[A] RIS i A TR BB, KB R A O3 1Y)
J AL s ] AR ASE AT i3 5k X BSR Y B 9815 31 28
5. MUBSR AL, AT BEFE /R AEAEAE W SRR A
REFEZ PR (E 3¢, K 4b) , RI AT BRI A7 A 1T
RIKG Y. BSRATREIRE IRUK G YRS, M
T BSR M43 T ALK &5 9 1Y JIE # (Bangs et al.,
2005), W BSR X [B] A BEAL A H H H e AR AT T
/KA (Bangs et al., 2005), 1 A BSR #§ 7~ /K &
Y- FRIR AR R W5 55, SBSR 5 2 2K &)
RAJZRIE I o AT TR BE S 57K 65 ) SR AfL R B
K FR AR L [ A EAHR AW AIRE

3w IEALFEB A BSR W 5% i 5 AE AR
7] 2

H ] g A B P LA DI A K5 A 1 B 2%
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Fig.5 The occurrence relationship between the double/multiple BSR and free gas in the western Ross Sea (a, b;after Geletti and
Busetti, 2010) and the Black Sea (c, d;after Popescu et al., 2006)

PF A28 TR, 2R VDT 38, A Vg 2 v 5
X3 % BT AU BSR Y RN 43 A1 A B G FIHIESE (52 5
FEEE 2003; BRZ RS, 2004; 7 % 1EZE,2015; Li et
al., 2015; Liang et al.,2017) ., #X1Mi, [E Y XL BSR F4 i
FERRBE AR, (A BRI AR S 253 R T8 [ P A1 3L
BSR & 8L 52 41 B W5 A HE DL , A 2 F XU BSR F 38
BT B HIR R R, 2003a; TKSE /%, 2015; £
H4E,2017), %) XU BSR AR R K 55 7K A 1 3 25 i
K RWFFE KB, Wu et al.(2005) 1 IR ALE & U IS
2R A AR R g AR A U3 SUBSR, A
FLpARHRE 1 (] 1d) I35 H XU BSR MTE LR 7R T
IR PP R AT (B A T R R RN L A
9% o FAICIRE J50 BSR HIF 5% A1 X B A, 38 4 B 45
(2010)7F H A7 1 1H5 A4l 2 1o X W BSR AifF 58 Lt I,
2 1 o R I A A IO Sk A7 7 XU BSR, I3 i i
AR BUBSR SR BRI R AR AT th Il
JE 7 S B A X BSR b 7% 1) T S5 4R 5 i 1 /K A 4 b
RN TR IS, K774 (2014) L B T AUBSR
FELER HLBR Y BRUEYE , HE46 HOBUBSR IIE 512
BIRBUKGWAE K. =L E ORISR AE 43 #r it
—HE SO 776 XU BSR - H 5§ BRI K &
WIWRAE Z [ f74E 52 4211 ¢ & (Liang et al., 2017) ([&]

6a.b)o 20154F, )" H I Ml o R A )=y il 3 K 5
BHER  TEIREE & TE BSR T BBAELE K G S 0
% AALGERE T LAAE BSR 27K & W1 AE IS ALK A
P, T HL 51 2 2 1 2 AT sk K A0 14 B
MLl (Liang et al., 2017; 5K %, 2018) . XU BSR )
ISR T 2 M TR B R ST 7K )
A DTRR , W3R W TRLK S PR ARG W3 As 52 PR
TKA WA i DR 2 T 3K — a5 (Wei et al., 2018;
Qian et al.,2018) . A BSR ML W Rk G5W 5
iF B S22 A RHE , R IO SE0K & 7] R 2
— IS BRI RS . BN, B AR Vs A A
XU BSR, {H A SE 2 B 81K, 30 A BB 92 ik e A
R 3 b bl R ) T ) AT U (18] 6c . d e ), IR K
B W il e S AR (Y i N7 RN RN AU BSR /Y
PR 5 TR AR PR AR 5 IV IR R R 3 4 T
T EO IR RS AR AT 56, (LR = SRR A Rl R
BHYIE(Li et al., 2015), &2, 78T 20 4FH ] P
5 BRIFFEAR L, o FE XU BSR BFFEFE FE A , FEAC {5
FATE IS I Rl R ) 25 R A R I B, 3 1T B 5
Z MR BORH S — F-HORHA OC A AT BE/E XU BSR )
G I H BTN U A S R AT & W e
PR, EFXRUBSR BUIMNHIR L s B I
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Fig.6 (a) Seismic reflection features of the double BSR in the Shenhu area in northern South China Sea, (b) the occurrence of gas
hydrates at the drilling site crossing the double BSR (after Liang et al., 2017) , (c, d, e) Seismic reflection features of the double
BSR in the Dongsha area (after Li et al., 2015)

IKE W B35 RO 2 A T TR AR5 O e, A R i 24
b E UK G ) OB VS 1 3 2D B AR TT A Y
HERE PR UL, AR R BSR 57K A W) 8 G R
RGRAWITE

4 FUBSR 5KEY e R T5T e

I 2 3R SO BSR 7E 7K A W) A 5 v ) o 22
VE NS X, % T4 5 3UBSR 5 7K A5 W) i % 2 F
5 0] i P 1) S BB 27 1) 8 B R AT LA T LS,
(1) R BSR BB Sz R 22 (2) AUBSRIE A%,
WA 5K G 1 8 2 B 22 (8] 9 SC 3 ] 2 (3) XL
BSR 5% W] 5448 T K G0 TF % 7 HARE
FE] LA LAS T ITE

4.1 X BSRiA%I5 B HIH 5

1 3 1 PR R TR RS AR AR, G AR
ISR NI —FR R AG SO R 7 s, U R
BSR; il & KA W EG R , B9 E X BSR (778 M H A5
IR G SR E RO AT OCFR . TR |, S8
W73 B 25K & W0 O FE i SRIBUK & W73 i
BRI S A3 BT IR AR 2 43 K ]
PEZRHE . 8 KGR it 2 SRl 2k,
S KGR — RS E SR PRI AR B (L et al., 2015;
Paganoni et al., 2016; Liang et al., 2017), 431 A 62
BEARF XU BSR P W S IR % A2 A ) 5 0 K
TN BSR 4310 DR BE e ] PR R 5, 25 5 o i K &
YikeE BUE A AR LA . A WU ICRE S0 4] e W
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JZ 15 Bl S X6 S S iR 1 ) R ) B ek SUBSR 43 A 7K
B IR S T R, e & I A BSR I U HL A %
FHEAR GRARPEE, 2017; #1445, 2018)
4.2 WBSREBTH SKEWINSRELRZHR

3H W BSR P 15 38 728 1) 430 Hr , R BSR JE
BRI S 7, 7 A )i 5 SE B S TR SRR TE Ak
X BSR KK AW FE . 38 2 XCBSR (1) Z1 i 5 i
B, S K G KA+ B R B R A Y
8] 53 A REAE , ST K & ke e s &2k 5K &4
TE RN G3 A7 1) 26 2 T R R Is B i T SRk
BV BGE ) TTRR , B K G (O3 A SRR ) 530
BSR BT A Hi A 0GR , 7 WU BSR 7= AE FIZK A4
TE A i sl 1R B XU BSR 57K 5 9 0 25 ek
B o
4.3 M BSR 3t & KAk & WEIRIT & 00

XU BSR 1 H B, FTfigdE 7R K G UL R e o
AR TR AR = HADK SR IRAE . Pl A
SIRPIHESS B S 20K & Wk 8Os Bl P K, it
T 7K B W0 0 3 A5 20 PR BE K 4 AR AR o 3k 43 7K
B YRR T A B LT A8 B SRS, 4
IR 8 U A T AT A R [
AR KA 7= A 25 K & R Rk
HORPRIK , Foan 1L RK A9 e TRDK G s ke
FTWE KA PR E M A 7= R AR ST 75 I A 41
B R %) (Wei et al., 2018) .

5 4% i

(1) XL IS S g2 (XU BSR) BT 5 78 [ s %
AW SR 7B VRS E 730 B P S S
BSR HYWF 5T, 1] IR T il K ARSOK G WL bl
] A R B 5 D Bl r ) 2 25 B 0
PEE R S, RIS n] U K 6 W Bl ok s vk
S M 5T D SRR | DA v 7K 5 0 B AR
AT RA w5 R AR

(2) FE Broxs XUBSR AT 52 1 BE S A I A1, 3222
P T XUBSR B3R S RIALA S5 7K S 10
FKZ BT ILAT5 1, (A7 AEXUBSR AR J7 5 A0
FARA R, BUBSRIE B R 3 S ARAFALBEAN G 25
T2 MER, L HZ A WU BSR /KA W) B SR R
Gi—EARTIT IR G W) 3 25 GBI T AL TR B B

(3) BUBSR WA (i BER AT AE SN, A 5k

R R SR s SRR e oK ERIEZ 450
PSR THRIRE SR b2 2A sl P AR A A 220
ML BRI, WA A BT S AR

(4) = B BSR 158 72 BE 804G, AL T 2554
FRE [ Py AP XUBSR K BRI 26 491 K WF 58 HE DL 1
B, XEWUBSR AN I 1 IR R , WU BSR A i H
LKA Y sh 25 e R FE KB, L, kT R
X BSR 5K G WA E RN RGERANTE . S5
XU BSR P15 20, X BSR A HAIL ] K 50 X 2 43
Br, W BSR JE B AS Ak 55 7K & 9 3l 2485 B G R S 3
BSR X 2 HK G Wy T & 52 0 55 5 T AT
A7 B T b BN 0K A 9 B e 1 5 28 I b
IKE YT & R
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