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Uncertainty and parameterization in backstripping of basin subsidence analysis
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Abstract: Backstripping is an important and widely used method for basin subsidence analysis. Little attention has been paid
on the uncertainty of its results. In this paper, we address this issue based on a study of the Baiyun Sag in the Pearl River
Mouth Basin. We demonstrated through theoretical analysis and sensitivity tests that the uncertainty in the non-recovery of the
basement depth will pass on to all the results of backstripping, but the uncertainty in age only affects the estimations of
sedimentary and subsidence rates. Formation lithology influences the selection of porosity and density parameters. The
porosity-depth curves of sandstone and shale vary from area to area. Largest uncertainty comes from paleo-water depth, whose
error is 100% inherited by the calculated tectonic subsidence. In the slope area, paleo-water depth and lithology vary
significantly with locations. Thus, it is essential to use the paleo-water depth and lithology parameters that are variable with

locations. The uncertainty in the source data and inappropriate parameters may lead to erroneous results. Caution should be
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taken when reading published backstripping results. The quality of parameterization needs to be examined before adopting the
results.

Key words: backstripping; subsidence analysis; uncertainty; parameters; Baiyun Sag; Pearl River Mouth Basin
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Tab. 1 Comparison of backstripping results that depend on basement depths from different time-depth conversion
formula

Ma Spi(m-Ma™) S/(m-Ma™) Sd(m-Ma™) (Sp=S)/Sp  (Sp=Ss)/Sp To/(m-Ma™) T/(m-Ma™) TJ(m-Ma?) (Te-T)/T, (Tp=TS)/T,

5.33-0 61 61 61 0% 0% 10 20 1w 9% 5%
105-5.5 73 59 73 19% 0% 13 21 U —e1% 4%
12.5-105 87 59 87 33% 0% 149 156 149 s% 0%
138-125 370 273 371 26% 0% 150 180 150 -20% 0%
155-138 159 101 159 37% 0% 112 121 11 8% 1%
165-155 133 76 133 43% 0% 49 ~a4 52 1% 5%
175-165 133 75 133 43% 0% 162 166 159 % 2%
185-17.5 190 1 190 42% 0% 45 42 -3 % -17%
210-185 132 86 138 34% —a% 89 % 85 5% 5%
23.3-21.0 50 27 50 46% 0% 365 363 361 % 1%
244-23.3 67 48 89 20%  -32% 71 65 70 % 3%
260-244 192 135 217 0% -13% 1 12 1 1s08%  24%
270-260 333 216 351 35% ~5% 49 49 29 1% 42%
27.8~27.0 282 194 330 31% -17% 44 57 39 -31% 10%
200278 172 13 196 % 1% 62 69 59 -11% 6%
520-200 159 104 160 34% ~1% 120 % %0 18%  26%
39.0~32.0 92 82 113 10% -24% 23 27 21 -16% 7%
65.0-39.0 36 32 4 2% -12% 28 25 31 2% -11%

'S, S S T Te T
1.2 52%
, , (2005)
, 21Ma
0.5Ma ( , 2005) ,
1.3
LW3-1-1 ,
2013 ;

(Xie, et al, 2014)  LW3-1-1 :
) 2 1 ( 1 2)
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Tab. 2 Comparison of backstripping results based on old age and new age in LW3-1-1

/Ma Sold Toid /Ma Snew Trew (Snew=Sold)/Snew  (Trew=Totd)/ Trew
5.33~0 61 10 6.0~0 56 9 9% 9%
10.5~5.5 73 13 11.9~6.0 62 1 -18% -18%
12.5~10.5 87 149 13.2~11.9 135 229 35% 35%
13.8~12.5 370 150 14.3~13.2 438 177 15% 15%
15.5~13.8 159 112 15.5~14.3 225 159 29% 29%
16.5~15.5 133 -49 16.3~15.5 166 62 20% 20%
17.5~16.5 133 162 17.2~16.3 148 180 10% 10%

18.5~17.5 190 —45 17.9~17.2 271 -65 30% 30%
21.0~18.5 132 89 19.8~17.9 173 118 24% 24%
23.3~21.0 50 365 23.3~19.8 33 240 -52% -52%
24.4~23.3 67 -71 23.9~23.3 124 -131 45% 45%
26.0~24.4 192 -1 25.4~23.9 204 -1 6% 6%
27.0~26.0 333 49 26.2~25.4 416 62 20% 20%
27.8~27.0 282 44 27.0~26.2 282 44 0% 0%
29.0~27.8 172 62 28.0~27.0 206 75 17% 17%
32.0~29.0 159 120 30.0~28.0 238 181 33% 33%
39.0~32.0 92 23 38.0~30.0 80 20 -14% -14%
65.0~39.0 36 28 66.0~38.0 34 26 -8% -8%
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Fig. 1 Histogram of sedimentation rate. (a) Sedimentation rate of 18 layers; (b) sedimentation rate of 7 layers
la 1b (27.8~26Ma 13.8~12.5Ma),
18 7 (18.5~17.5Ma), (23.3~21Ma)
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Fig. 2 Comparison histogram of tectonic subsidence rate. (a) Subsidence rate of 18 layers; (b) subsidence rate of 7 layers
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Fig. 3 Porosity-depth curves of sand and shale. (a) Black dots show the sand porosity in the Baiyun Sag; (b) black dots show
the shale porosity in the slope of the Baiyun Sag, gray dots show the shale porosity in the shelf of the Baiyun Sag
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Tab. 3 Comparison of the porosity parameters between the Baiyun Sag and North Sea Basin

/Ma /m /m 1% /(m-Ma™Y) /(m-Ma™) 1%

5.33~0 336 336 0 10 13 29
10.5-5.5 363 334 8 13 16 20
12.5~10.5 175 149 15 149 151 »)
13.8~12.5 481 437 9 150 163 -9
15.5-13.8 270 233 14 112 117 4
16.5-15.5 133 109 18 49 46 7
17.5~16.5 133 109 18 162 165 )
18.5-17.5 190 160 16 45 42 7
21.0~18.5 329 295 10 89 93 4
23.3~21.0 114 9 18 365 365 0
24.4~233 74 69 8 71 67 6
26.0~24.4 307 285 7 1 9 1164
27.0~26.0 333 303 9 49 58 -18
27.8~27.0 226 210 7 44 59 35
29.0~27.8 206 190 8 62 72 17
32.0~29.0 476 447 6 120 118 2
39.0~32.0 641 663 3 23 30 -30
65.0~39.0 945 974 3 28 31 -9

2.2 ) ) 4
, 87%,

) —26%~47%
, LW3-1-1
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Tab. 4 Comparison of the backstripping results between sand and shale

/Ma /m /m 1% /(m-Ma™) /(m-Ma™) 1%
5.33~0 336 336 0 20 11 47
10.5~5.5 294 363 -24 21 14 36
12.5~105 117 175 -49 156 149 4
13.8~12.5 355 482 -36 180 150 17
15.5~13.8 171 270 -58 121 111 8
16.5~15.5 76 133 -75 —44 -52 -17
17.5~16.5 75 133 -76 166 159 4
18.5~17.5 111 190 -71 -42 -53 -26
21.0~18.5 216 344 -59 93 85 9
23.3~21.0 62 114 -84 363 361 1
24.4~23.3 52 98 -87 -65 -70 -7
26.0~24.4 216 348 -61 12 -1 105
27.0~26.0 216 351 -62 49 29 42
27.8~27.0 155 264 -70 57 39 31
29.0~27.8 136 236 -74 69 59 15
32.0~29.0 313 481 -54 99 90 9
39.0~32.0 577 793 -38 27 21 19
6.05~39.0 827 1057 -28 25 31 -26

, (2)
, Y=0.43><S+W;—1.45><ASL 3)
, ® . s (0.43),
: (Xie et ,
al, 2013) , ,
2.3 (Y)
; (ASL) (W) 1.45
(1) 2 1.0, 1.45
: 1 )
: ; ( 190m),
, , 100%
( ) (Xie, et al, 2014),
( ) , 23.3~19.8Ma 4
5 ( 4 ,
) Pm Pw  Ps 99.8%( 95),

3.33g-cm™ 1.03g-cm™  2.33g-cm™,
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Tab. 5 Comparison of the changes between paleo-water
depth and tectonic subsidence at 23.3~19.8 Ma

/m /m 1%
P1 543 519 95.6
P2 760 642 84.5 ' '
P3 107 65 60.4
P4 72 31 43.9 ’
P5 494 493 99.8
, Xie (2014)
( 0~50m), ,
( 0~500m, : :
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Fig. 4 Comparison between paleowater change and tectonic subsidence rate. (a) Contour map of the paleowater change at
23.3~19.8 Ma. (b) Contour map of the tectonic subsidence rate at 23.3~19.8 Ma. PYLU: Panyu Low Uplift; DSU: Dongsha
Uplift; BYS: Baiyun Sag; LWS: Liwan Sag. The five red dots are the subsidence centers

, ( , 2008)
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