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The quantitative evolution of shelf — marginclinoforms
in Qiongdongnan Basin,South China Sea

Hua Wang.Jinfeng Ren,Entao Liu

ABSTRACT

Shelf — edge trajectory analysis has received much attention,and has been the subject of increas-
ingly intense study in recent years., The prediction of deep — water sands that can be tied to specific
types of shelf — edge trajectories will help to assist greatly inlocating deep — water reservoirs and in de-
veloping predictive stratigraphy. This dissertation uses two — dimensional (2 — D) and three — dimen-
sional (3 —D) seismic,core.logging curves and acoustic impedance data in Qiongdongnan Basin to pro-
pose quantitative measurement methods for shelf — edge trajectories, shelf — edge clinoforms and cli-
nothems based on their types,shapes and geometric parameters;investigate the vertical migration evo-
lution of shelf — margin clinoforms since late Miocene in Qiongdongnan Basin; document the lateral
difference between western and eastern shelf — margin clinoforms;summarize clinothem internal archi-
tecture and their stratal stacking patterns;discuss relationships between shelf — edge trajectories and
regional stacking patterns with styles of deep — water sedimentation and volumes of coevally deposited
deep — water sandstones;estimate semi — quantitatively the magnitude of sediment supply and shelf ac-
commodation;address the controlling factors of the evolution of shelf — margin clinoforms; propose a
quaternionic classification system for shelf — margin architecture based on the interplay of sediment
supply,accommodation,climate and current — controlled processes;and predict the types and location of
sand — prone deep — water depositional systems and coeval deep — water reservoirs. The main achieve-
ments made by this dissertation are listed as follows. 1) Four main shelf — edge trajectories are recog-
nized in seismic profiles: the first phase contains shelf edges that are strongly progradational with a
flat to slightly rising shelf — edge trajectory (0°~0. 5°); the second phase includes shelf edges that
moderately progradational with low — angle rising shelf — edge trajectory (0. 2°~3°); the third phase
contains shelf edges that strongly aggregational with high — angle rising shelf — edge trajectory (3°~
9°) ;the fourth phase includes shelf edges that vertically aggregational with ultra — high — angle rising
shelf — edge trajectory (10°~20°). 2) The nine types of the observed clinothems are identified in the
research; Oblique, Tangential oblique, Tangential oblique chaotic, Sigmoidal symmetrical, Sigmoidal
divergent, Sigmoidal chaotic, Asymmetrical top — heavy, Asymmetrical bottom — heavy and Complex.
Oblique, Tangential oblique and Asymmetrical bottom — heavy are mainly developed during the S,,—
Sy ;Complex is mainly developed in the western studied area duriné the S;—S;; s Asymmetrical top —
heavy is mainly developed in the eastern studied area during the S;,—S,;; Sigmoidal symmetrical and
Sigmoidal divergent are mainly developed during the S,; —S,, ; Sigmoidal chaotic and Asymmetrical top
— heavy are mainly developed during the S,; —S,,. 3) Progradational or slightly downstepping stacking
patterns are identified in S;;,—S;, ; Mixed progradational and aggradational stacking patterns are identi-

fied inwestern S;,—S,; and S,;; —S,, ; Dominantly aggradational stacking patterns are identified in east-
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ern S;,—S,;and S, —S,. 4) Flat to slightly falling shelf — edge trajectories and progradational or
slightly downstepping stacking patterns are associated with sand - rich submarine fan,canyon channel
sand complex (sand — bearing ratios =30 %) ; slightly rising shelf — edge trajectories and progradational
and aggradational stacking patterns are fronted by mixed sand/mud small - scale channel sand,levee —
overbank sediments and deep — water lobes (15 % < sand - bearing ratios<30 %) ; steeply rising shelf —
edge trajectories and dominantly aggradational stacking patterns are linked toa really extensive mass —
transport systems (sand — bearing ratios <_15%). 5) The approximate magnitude of sediment supply
can be evaluated by determining the aggradation rate (R,) ,the progradation rate (R,) ,and the cross -
sectional net sediment flux (F.). Low supply (low Q.) is measured as R, of <<500m/Ma, R, of <
12. 5km/Ma,and F, of <<5km*®/Ma and high supply (high Q.) is measured as R, of >500m/Ma,R, of
>12. 5km/Ma,and F, of >>5km*/Ma. Estimates of the magnitude of shelf accommodation can be de-
termined from the magnitude of shelf —edge trajectory angle and contemporaneous overall slope angle.
Flat to slightly falling and slightly rising shelf — edge trajectories naturally and low overall slope angle
(represented by 2°<Zg<6)reflect a low accommodation;moderately rising trajectories and low overall
slope angle(represented by 2°<3<C6") are symptomatic of medium accommodation;steeply rising traj-
ectories and high overall slope angle (represented by B=>6°) are suggestive of high accommodation.
6) The effects of variations in the interplay of sediment supply,accommodation, climate and Surface
Water mass on architectural styles of shelf — margins have been semi — quantitatively investigated.
Four different types of western shelf — margins are recognized during the scenario evolution: a. ow Q.
+ low 8(x) + weak Surface Water mass + arid climate;b. low Q.+ medium §(x) + weak Surface
Water mass + variable monsoon;c. high Q.+ medium §(z) + strong Surface Water mass+ variable
monsoon;d. high Q.-+ high 8§(x) -+ strong Surface Water mass -+ variable monsoon. Two different
types of eastern shelf — margins are recognized during the scenario evolution: a. low Q.+ medium &
(x) + weak Surface Water mass + arid climate;b. low Q.+ high §(z) + strong Surface Water mass
+ variable monsoon. 7) LLow §(z) and arid climate are extremely important for forming sandy subma-
rine fans or canyon channel;medium §(x) and low overall slope angle with moderately rising shelf -
edge trajectories tend to foster sand — rich deep — water lobes and high stand slope fans;high §(2) ,nar-
row shelf width and river input from Hainan Island yielded sand — prone lenticular submarine fans.

The highlights of this research indicate that 1) a methodology was developed for the quantitative
analysis of clinoform and clinothem architectures,2) accumulation mechanisms were built for sand —
and sediment — budget partitioning into and across the shelf, and 3) estimation methods were ap-
proached the magnitude of sediment supply and shelf accommodation for shelf — margin architecture
variability.

This book is crystallization of long term collaboration between China University of Geosciences
(Wuhan) and Zhanjiang Branch, National Offshore Oil Corporation (CNOOC). The introduction and
Chapter 1 were written by Hua Wang, Jinfeng Ren, Entao Liu and Zhenfeng Wang; Chapter 2 were
written by Jinfeng Ren, Huajun Gan, Xushen Li,Jun Xiao and Jie He;Chapter 3 were written by Entao
Liu,Detian Yan,Jiahao Wang,Zhipeng Sun,Si Chen and Ming Sun;Chapter 4 were written by Jinfeng
Ren,Hua Wang,Jihua Liao,Zhengliang Lin, Xiaolong Liu and Guangzeng Song; Chapter 5 were writ-
ten by Hua Wang, Huajun Gan, Jun Xiao, Entao Liu and Daojun Zhang;Chapter 6 were written by Jin-
feng Ren,Hua Wang,Zhenfeng Wang and Ming Sun;references were edited by Jihua Liao,Zhengliang
Lin, Xiaolong Liu,Jie He and Si Chen;the final reversion were edited by Hua Wang, Jinfeng Ren and
Entao Liu.
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ARk A | ARk e T A G DA R Rk 3 b A TR - i AR R A A IS AT L SR e AR ) Xk 7 Y [ A A A
i g ) T R R (PR 1 = 5D HCrh E T R ) T 20 RS D IR e M A — M A e ) i o
1) o 177 Bl B 00 3 A 1 A A WU AT DAAR o B IR . i Bl AR 0 O A R A A IR B IR o] e bl 2R
(14 - 28 FOT-AT 1 152 A SR AE R R ) (EL il 48 i e el 1 RO R AR MEE B b i Sk B U . AR EC
IR PR BE S i & Battfjellet 4 A9 8F 48 8% Sk #1 Helland — Hansen(1990) 7F &% 4E 30km [1%) {85 4} 70 A2 110 55
e v 3 A 1Ly A — 0 g s DRIy e 3R ) R AR ik S A N S T AL B SR Bl 2R G R T A WE S
SIE T2 H MR . o TR Z M R B AR, PO Bl 42 32 25 ) B 3 1 189 4 4 X (Growth



