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Abstract

Three-dimensional seismic data suggest the presence of six large-scale mounded structures at approximately 250m above the 18.5Ma sequence
boundary surface of Neogene Baiyun sag, Pearl River Mouth Basin, South China Sea. These structures are most distinctive for their
asymmetric mounded shape in cross section and irregular oval shape in plan view. They have bases raging from 826 to 3542m in diameters,
with the maximum height of 403m and the largest volume of approximately 0.53km?>. The mounded structures have similar seismic reflection
attributes as the sand injectites discovered at Norwegian North Sea and other places around the world. The top and base of these mounds
mainly respond to continuous, medium- to high-amplitude, positive and negative reflection events; the cores of mounds are dominated by
incoherent and chaotic reflections that are greatly different from the parallel sheet-like reflections of the surrounding strata. The mounded
structures are interpreted as sand injectites that were generated by soft sediments deformation within Neogene Baiyun sag. The mounded
structures can be classified as five types of sand injectite by their seismic reflection, which are: 1) wing-like, 2) conical, 3) mounded, 4) crestal,
and 5) sheet-like. Wing-like injectites extend and tilt like wings towards outside along the edge of parent sandstones bodies. Conical injectites
are characterized by cone-shape sand bodies opening upwardly, and showing V-shape amplitude anomalies on the seismic profile. Mounded
injectites are those dome structures formed by liquefied sand injecting upward, and seen as irregular ellipse in plan view. Crestal injectites
consist of complicated networks of intrusion formed by unconsolidated sand interfingering. Sheet-like injectites are concordant intrusion sill,
with height ranging from tens to hundreds of meters. Wing-like and crestal sand injectites are distributed as isolated structures. Conical and
mounded sand injectites are characterized by linearly distributing large structure groups, which extend along a preferable direction. Subsurface
sand injectites are potential reservoirs with high porosity and permeability, and are usually confined by low-permeability mudstone and shale,
making them good lithologic trap with advantageous reservoir-seal combination conditions. Many commercial reservoirs of sandstone
intrusions have been discovered, indicating that sandstone intrusions have favorable prospects in hydrocarbon exploration.


mailto:zcm@yangtzeu.edu.cn

Selected References

Braccini, E., W. de Boer, A. Hurst, M. Huuse, M. Vigorito, and G. Templeton, 2008, Sand injectites: Qilfield Review, v. 10/2, p. 34-49, Web
Accessed November 1, 2016, https://www.slb.com/~/media/Files/resources/oilfield review/ors08/sum08/03 sand injectites.pdf

Duranti, D., and A. Mazzini, 2005, Large-scale hydrocarbon-driven sand injection in the Paleogene of the North Sea: Earth and Planetary
Science Letters, v. 239/3-4, p. 327-335.

Hurst, A., and J. Cartwright, 2007, Sand injectites: implications for hydrocarbon exploration and production: AAPG Memoir 87, 288 p.

Hurst, A., J. Cartwright, M. Huuse, R. Jonk, A. Schwab, D. Duranti, and B.Cronin, 2003, Significance of large-scale sand injectites as long-
term fluid conduits: evidence from seismic data: Geofluids, v. 3/4, p. 263-274, DOI: 10.1046/j.1468-8123.2003.00066.x

Huuse, M., D. Duranti, C.G. Guargena, P. Prat, K. Holm, N. Steinsland, B.T. Cronin, and N. Hurst, 2003, Sandstone intrusions: detection and
significance for exploration and production: First Break, v. 21/9, p. 15-24, DOI: 10.3997/1365-2397.2003014

Molyneux, S., J. Cartwright, and L. Lonergan, 2002, Conical sandstone injection structures imaged by 3D seismic in the central North Sea,
UK: First Break, v. 20/6, p. 383-393.

Shoulders, S.J., and J. Cartwright, 2004, Constraining the depth and timing of large-scale conical sandstone intrusions: Geology, v. 32/8, p.
661-664.

Zhang, C.M., S.F. Zhang, R. Zhu, J.Y. Du, 2011, Sand injectites: a new kind of lithological stratigraphic traps in exploration and development:
Lithologic Reservoirs, v. 23/2, p. 1-9.


https://www.slb.com/~/media/Files/resources/oilfield_review/ors08/sum08/03_sand_injectites.pdf

Abstract

< seismic GCharacteristics of Large-Scale Sand Injectites in Baiyun Sag, Pearl River Mouth Basin, South Ghina Sea

3 Five types of sand injectite by their seismic reflection (CONT)

. 1 . 1 2 -1 1y 3 -3 ina.like iniecti icaliniecti
Changmin Zhang, Rui Zhu, Bo Yang’, Shaohua Li, Shangfeng Zhang', Jiayuan Du’, Hesheng Shi m E =ﬁ :m Wing-like injectites ~ Conical injectites
Th di ' I seismic d h f six 1 | ded : : : : : oo b B - |
ree-dimensional seismic data suggest the presence of six large-scale mounde 1 School of Geosciences, Yangtze University, Wuhan, Hubei, 430100, China; \/ CNOOC
structures at approximately 250m above the 18.5Ma sequence boundary surface of \/
Neogene Baiyun sag, Pearl River Mouth Basin, South China Sea. These structures are 2 College of Energy Resources, Chengdu University of Technology, Chengdu, 610059, China;
most distinctive for their asymmetric mounded shape in cross section and irregular oval ,
shape in plan view. They have bases raging from 826 to 3542m in diameters, with the 3 Shenshen Branch of CNOOC Ltd., Guangzhou, 510240, China.
maximum height of 403m and the largest volume of approximately 0.53km3. The
m'ounded structures. have similar seismic reflection attributes as the sand injectites 2 Planimetric distribution characteristic and seismic reflection characteristics of mounded structures in the Baiyun sag in Pearl River Mouth Basin 3 Five types of sand injectite by their seismic reflection
discovered at Nowegian North Sea and other places around the world. The top and base
of these mounds mainly respond to continuous, medium- to high-amplitude, positive and
negative reflection events; the cores of mounds are dominated by incoherent and chaotic _ Jed 0 1 2 . . I Seismic reflection external tweotsmdiniccion e Eended  Dip
reflections that are greatly different from the parallel sheet-like reflections of the ¢c mounde | | - The highest point of the 54 5 6 7 8 geometric configuration of ~ v swws U L Morphological feature Parent sandstone types Wing-like injectites extend and tilt like wings towards outside along the edge of parent
i 1 1 [ 1 A t ruc t ures were astic dike injected inclindly upward to the overlying stra annel infilled sandston sandstones bodies. ical intects i i :
Slll‘l'OllIldlIlg Stl'ata. The mOllllded Stl'llCtlll’eS arc lnterpreted as Sand aneCtlteS that WeEre . l ll‘ .. StruCtl{reS) a Rlace .()f the SUuU b S U rfa ce sSan ds to ne WI type Alary 12(:::; 0.24-0.8 505 Clastic dike inj :lnddpilll(:hczljml:t gra‘i:j:la::; lying strata  Ch turblidi;taidat:nte 6 al-Morphologic model of horizontal section ofaxisymmetric regularwing-like injectite. Conl(}almjectltes are C.haracterlzed.by cone.shg!pe .sand h?dles Openmgupward]y, and
generated by soft sediments deformation within Neogene Baiyun sag. trregular eliipticity on most intense intrusion of intrusion can be classified o o Clastic dike injected inclindly upard toth overying trata | a2-Time structure map of top of wing-like injectite (Szarawarska etal, 2010, modification). ~ Showing V-shape amplitude anomalics on the seismic profile. N
Th ded st t b l ified fi t f d iniectite bv thei . . p lane and extended the mounded structures . X Winglike  W2type  Alary 100 0.9-1.5 20 tuemed fo be horisontal subordinate sillin the distaleng O} infilled sandstone a3-The interpretation of b2 (Szarawarska et al, 2010, modification). al-Morp'hologlc.modelof.hor{zqnta.lsectlonof ax1sy131metr1c regularcnn.lc'allfljectlte.
¢ mounaca structures can bpe ciassiliea as 11ve types o1 sand injectite by their seismic di vel hori . ’ ] as f I1ve main f orms: myectites Clastic dike injected inclindly upward to the overlying strata b1-Morphologic model of vertical section of axisymmetric regular wing-like injectite. al-Amplitude slice of conical injectite (Huuse and Mickelson, 2004, modification).
reflection, which are: 1) wing-like;2) conical;3) mounded;4) crestal, and 5) sheet-like. ireciively on norizon was collapsing laterally winglike, conical Wibpe A R0 08 g resandatone b2-Seismic reflection characteristics of vertical section of wing-like injectite (Duranti and b - orphologiomadel ofverlice Section o urisymbelric egtlarcomentiectie
. . L . . : ] . while the lon g axis alons the lons axis. so that Top 8 ’ ’ then continued injecting upward until to be a new sill Hurst, 2004, modification). b2-Seismic reflection characteristics of vertical section of conical injectite (Huuse and
Wing-like injectites extend and tilt like wings towards outside along the edge of parent : 8 8 ’ Bottom mounded, crestal and sheet, Clpe S W0 g5y gsgg Vehapeinjeced dikein profie wlative Symmetri turbidite sandatone b3-The seismic interpretation of c2 (Duranti and Hurst, 2004, modification) Mickelson, 2004, modification).
sandstones bodies. Conical injectites are characterized by cone-shape sand bodies was pgrpendzc{clar to the shape of the mounded that can be subdivided into Compies o e el ooy v
opening upwardly, and showing V-shape amplitude anomalies on the seismic profile. the minor axis. Six e | structures were changing ten subtypes according 1o o C2type one f;)z e AN o Crestal injectites
Mounded injectites are those dome structures formed by liquefied sand injecting mounded ;t}ucture; S”bseq”ently and becomlng the mo rp holo g i e micctits ™ ghaped 200 0.5-1 5.5-44 V-shape injected dike get across to fault in profile turbiililt)e[;::i(ll:;tone, Mounded injectites o ————
o . . . o o o . were name rom M l ar er t h e ra t i 0 0 f . ; . C4 type Cone- 150- 0.35.0.75 42,63 One branch of the clastic dike injected along the fractured fan = ) BT S ATA ' R ' -
upward, and seen as irregular ellipse in plan view. Crestal injectites consist of 4 characteristic, formation chaped 250 surface Crotalinisttes
° ® @ ° b . . .« .
complicated networks of intrusion formed by unconsolidated sand interfingering. Sheet- ;‘;g{l Zdw]’fll:;d ;’;izit l’;‘; ;" e;f/ﬂznk Wtdth,d br oager _ , s mechanism, compound CoB e A0S 3 e tamed o b hoisntal il m th il end g
like injectites are concordant intrusion sill, with height ranging from tens to hundreds of ' astigiate crest ana smalier = 9 _Zkm oo ; ; Broad and gentle slopping mounded structure whose bottom  Submarine valley infilled =
- . ' T I mOde an d th € In ter aCtlon Mitype  Mounded  30-50 0408 520 was flat and no break sandstone =
meters. Wing-like and crestal sand injectites are distributed as isolated structures. strike of M1, MZC’) M3 flank dip gradually. The T SE between faults and e . Gently stecp slopping mounded structure whose bottom was Submarine valey inflled )
Conical and mounded sand injectites are characterized by linearly distributing large were NWW 307.6° and fluctuation of top surface iR intrusion. Sandstone Waome Momdedaeo o H e e e St
structure groups, which extend along a preferable direction. Subsurface sand injectites those of M4, M5, M6 | . 0081 was obviously greater than intrusion is characterized — con 100 complex intrusion network due {0 the risscross of njective - | = , o
- irs with hi - ili i were NNW 348.1°. %5 B Roseoflong axis trend bottom along axis from the = mjecites S0 die e oL efestion chsvacterbilos of vortron sechin ofsrest nportit (Huuse oot 3007, iodiHon o
are potential reservoirs with high porosity and permeability, and are usually confined by 2 PR i T ¥ 0 AR U A’ P Rose ofshort axis trend lg P b th P | by height from ten of meters —_ e T e e fan 12-The seismic interpretation of b1 (Huuse et al, 2007, modification)
owm o o o o o o eet-like ce ce \ eet sill along the strata, vertical passageway can be seen in o available
low-permeability mu.dstone and. shz!le, mak.m.g them good llthol.oglc trap.w1th core 1019]; an ,d Wh" l the - to hundreds of meters. imjectites 7o St 130 3 the bottom Not availabl Sheet-like injectites
advantageous reservoir-seal combination conditions. Many commercial reservoirs of former m and the laiter o
sandstone intrusions have been discovered, indicating that sandstone intrusions have 92m. B
favorable prospects in hydrocarbon exploration. o an ssen asercgins chipat n pan st Y aucfied sandinjecing ,
al-Morphologic model of horizontal section of symmetrical regular mounded C\N/Nd
az-;ﬁjt?:':iot:‘seismic reflection configuration of mounded sandstone intrusions in
the Eastern'Mediterranean' (Frey-Martinez et al, 2'007).
Measured in 3_D seismic data Of depth dOmalIl, the 3_D geometry parameters Of the . bl-?lflljoerc];?t(;!oglcmodelofvertlcalsectmnofsymmetrlcalregularmounded T —— ‘ R a,
- - Among the mounded o o . . . The Strata undei‘lylng mo undy b2-seismic reflection characteristics of vertical section of mounded injectite Sheet-like injectites are concordant intrusion sill, with height ranging from tens to hundreds of meters.
1 Geologlcal Sett"‘]g . mounded Structure, Such as helght, the long / Short extenSIOn dlrectlon, dlameter, area . (Andresen et al, 2009). c;-it;,llsml.cre.fltfcttloncharz.lcter}sticsl_i)fvertlcalls;(:}t;}t;onzléaggheet&l.lflfen}Jectlte(Hurstetal,2005,2006,m0d1f1cat10n);
Cil . s Structures dBVBIOPU’lg structures Showed Sheet WIthparallel c2-The seismic interpretation of c1 (Hurst et al, , , modification)

near faults, M1, M2 and volume, were different from each other. Clear boundary between mounded
M3, M5 presented structure and underlying strata were generally conformable, while Overlying
similar asymmetrical strata with drape deposit was onlap to the top surface of mounded structure.

- sub parallel reflection. The seismic
reflection of bottom moundy
structures indicated chaotic with

Pearl River Mouth Basin, as an extension of the South China mainland, is located in the north of the South
China Sea. It was a quasi-passive continental margin basin formed in a tension stress field. This basin locates
in the junction of Eurasian plate, Pacific plate and Indo Australian plate. The structural deformation in plane
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