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Abstract

In the Neogene of the oil and gas-bearing Lower Congo Basin, a number of venting structures such as acoustic pipes, pockmarks and amplitude

anomalies are observed in 3-D high-resolution seismic data. Positive high amplitude anomalies (PHAAS) associated with pockmarks or acoustic
pipes have recently started to be studied by seismic interpreters. These PHAAs in our study area often occur either at the top of acoustic ‘pull-up’
pipes or at pockmark bases or surrounded the lower part of pockmarks.

Their high positive amplitude indicates that they correspond to higher impedance material than the background sediments. In addition, seismic
pull-up effects under the PHAAS show that they correspond to high velocity material. Combined with the local character of the anomalies in the
fine-grained clastic environment of the Neogene interval in this basin, PHAAS are interpreted as seep carbonates, possibly associated with gas
hydrates in some cases.

Methanogenic carbonates can form either at the seafloor or in the sulfate methane transition zone (SMTZ), a few tens of meters below at the
maximum. Below the surface, they mostly result from anaerobic oxidation of methane (AOM), while at the seafloor they may result from AOM
or from the development of chemosynthetic communities. Fluid leakage at the seabed can be indicated directly by pipes, pockmarks and PHAAs.
Among these indicators, only PHAAS are diagnostic of methane gas.

The fact that PHAASs form close to the seafloor (within the limits of SMTZ) means that their vertical successions reflect their temporal
evolutions. The size, number and morphology of the PHAAS are interpreted to reflect the relative quantities of escaped methane. In combination


mailto:HoS2@cardiff.ac.uk�

with the presence of pockmarks and pipes associated with vertical successions of PHAAs on seismic, the dynamics of fluid expulsions and the
flux rate variations over time can be determined.

The rules used in our interpretation were derived from the framework previously established by other authors. Linear PHAAs without pockmarks
or depressions were observed above faults. This type of linear PHAAs characterizes relatively slow fluid seeps. Sub-circular PHAAs hosted
within depressions. This succession in time indicates that relatively moderate flux rates at the venting site changed lately to faster rates until they
reached the eruption threshold, making the final crater.

Thus, regional fluid flux stories can be reconstructed by studying these venting indicators.
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The Neogene succession of the oil and gas-bearing Lower Congo Basin
contains a number of venting structures such as acoustic pipes, pockmarks
and amplitude anomalies which are observed in 3-D high resolution seismic
data.
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The study area is located in the Lower Congo
Basin. The basin formed in the Late Jurassic — RS —
Early Cretaceous rifting during the break up of o g
Western Gondwana and opening of the South ; ESS8
Atllantic. (Larson and Ladd 1973; Mascle, 1972).
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halokinesis (Cramez & Jackson, 2000). The study * Two types of PHAAs: linear and circular . e
area is located in the transitional zone containing * PHAAs are expressed by peaks (red positive wavelet) above troughs (black negative wavelet), it suggests they

typical salt structures such as vertical salt stocks correspond to geological interfaces that are seismically hard (Coffeen, 1978)
and elongate salt walls (Lavier et al., 2001).The  Pull-up effects are associated with PHAAs, which indicate high velocity material (Hustoft et al., 2007)

& Debris flow
o tracks
R T i Sub-circular
PHAAs

Positive high amplitude anomalies (PHAAs) associated with pockmarks or
acoustic pipes have recently become the focus of many studies. These PHAAs
in the study area presented here, occur either at the top of acoustic 'pull-up’
pipes, or at the base of pockmarks .
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Their high, positive amplitudes relative to laterally equivalent sediments
indicates a localized increase in acoustic impedance. In addition, seismic pull-
up effects below the PHAAs show that they correspond to a material with
higher internal velocity. Combined with the very local character of the
anomalies in the fine-grained clastic environment of the Neogene interval in
this basin, PHAAs are interpreted as seep carbonates, possibly associated with
gas hydrates.
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Methanogenic carbonates can form either at the seafloor or in the sulfate

- . ; » Therefore PHAASs indicate materials have relative higher velocity and density thus it has strong impedance Upper left) 20 ms thick amplitude window of within the late Miocene sediment,
ost-Eocene sediments are also deformed by a
metr_\ane traan;tlont;one (SﬂMTZ)t’hWh'Ch oitlcura thWftenS of metir_s bel_?jwt_a t thef Ipayer-bound array of polygonal faults (Gay etyal. » The plan form geometry of PHAAs are comparable with that of associated depressions shows positive high amplitude anomalies are distinguished from other high
maximum. Befow the seafioor, they mostly Tesull from anaerobic oxigation o ’ » The depth of depression range from5—-7ms (=3 —-5m) amplitude “sedimentary deposits”.
methane (AOM), while at the seafloor they may result from AOM or from the 2006). ) . - . : . .
develooment of E:hemos nthetic communities. Eluid leakaae at the seabed can * PHAA s are very localised features and therefore unlikely related to turbidite sands Upper right) 20 ms thick amplitude window above the top boundary of
P Y ' 9 * PHAAs are organised into a stacked-up, vertical succession which are linked with regional faults polygonal fault tier shows linear PHAAs follow the tend of polygonal faults.

be indicated directly by pipes, pockmarks and also PHAAs. Among these
indicators only PHAAs are diagnostic of methane gas.
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The fact that PHAAs form close to the seafloor (within the limits of SMTZ)
means that a vertical succession of PHAAs could reflect a prolonged phase of ) ) rtically stacked i R Mipaeses R
venting. The size, number and morphology of the PHAAspare i?ﬂerppreted to * The study area is located in water depths of 800-1200 m \c/,? IgﬁcﬁgracpeHsz sgc;)c:vs:mg Histiet eesttisatilii 1 Diagnostics features for regarding methane-related carbonates as the origin of PHAAs
reflect relative quantities of methane escape. In combination with the presence  The interval of interest is the post Early Miocene sedimentary succession regional fault (location is ScestAIREe : - 1| * |Isolated shapes suggest local development
of pockmarks and pipes associated with vertical successions of PHAAs on * The succession comprises hemipelagic fine-grained clastic sediments (Vignau et al., showed by the pink line on the . : § —— « Pull-up seismic effects suggest high velocity material
seismic, the dynamics of fluid expulsion and the flux rate variations over time 2000) horizon dip map below). ST fRices Ll * Positive high amplitude anomalies suggest seismically harder material
can be estimated. * Fine-grained turbidite channel complexes occur within well bedded hemipelagic units, Below) Dip horizon of the ‘ ‘ = | _ » High velocity & seismically harder materials suggest are not typical of fine-grained clastic sediment
_ _ _ The later are cemented by clay in parts (Vignau et al., 2000) polygonqal fault tier base. The b)) L ; S b s * Linear and circular, shallow depressions suggest slow and moderate fluid expulsion
The workflow used in the analysis presented here were derived from a « The shallow stratigraphy is deformed by a layer-bound array of polygonal faults. (Gay et venting structures occur at fault il i ! « Preferred orientations parallel to dominant polygonal could imply that faults provide fluid migration path ways
framework previously established by several authors. al., 2006) Eﬁi}g’:s’ foll?owpart-trlm(;u'az)rirl:cr:]if): ' I : 7 « “Softer” background sediments which are silt and shale in this area are thus not consistent with seismically harder
Linear PHAAs without pockmarks or depressions were observed above faults. . Sglt-related fa_ults intersect Miocene aged reservoirs consisting of turbidite channels and polygonal fault network. The T T . ma.terlal _ _ .
This type of linear PHAAs characterizes relatively slow fluid seeps. Sub-circular silty, clay-dominated seals later are orientated in following : » So: PHAAs are interpreted as fluid related geological features, the methane-related carbonates or gas hydrates
PHAAs are hosted within depressions. This succession records the following * Fluid venting structures occur mainly in the interval in the post Late Miocene the main faults direction (NW- » i 3 S ] » Methane-related carbonates and gas hydrates occur at present day seabed in Low-Congo basin (Charlou et al.,
variations in flux rate. An initial moderate rate of flux which increased in more stratigraphy SE). S i I 2004; Ondréas et al,, 2005; Pierre & Fouquet, 2007) . . , . . .
recent times until a eruption threshold was reached and a crater was created. ‘ W) * MDAC without seismic calibration were found in a drill location here, in clay rich facies (hemipelagite or muddy
Using these principles regional fluid flux rates can be reconstructed. Ssw NNE turbidite deposits; Vignau et al., 2000)
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+ To establish if different types of venting structures are indicative of episodes [ T1Ma Reguction CH, + SO,#> HCO; +HS +H,0  HCO, + Ca?* €= H* + CaCO,
of different, relative flux rates — 11.5Va i SMTZ Reactions take place in the Sulphate—Methane Transition Zone (SMTZ): <1 cm to 10s m
» To develop a method to analyse the dynamics of palaeo-fluid venting from the [ 14Ma T oo PHAR Xm below the seafloor = Indicator of methane escaping at paleo seabed

spatial distribution of seismic anomalies BT sequence
» To reconstruct the history of fluid flow from the evolution of venting structures e

» To present and describe new types of fluid venting structures
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 In addition to these objectives the poster focuses on Positive High Amplitude
Anomalies (PHAA) that occur at (palaeo) seep locations which are
characterized by pockmarks, shallow depression and seismic chimneys

from the present
day seafloor in
the Lower Congo
Basin.
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PHAAs = Methane-related carbonate
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6.2. Relationship between methanogenic 6.3. Slow vent 6.4. Moderate vent
carbonates and ﬂUId ﬂ uxes Linear PHAAs Stacked up sub-circular NE SW Venting
They occurr mainly within well-bedded sediments that overlay the polygonal fault tier to within 40 ms of the seabed (reflection 3). They have the same orientation as the polygonal fault atthe PHAAs succession [ ——— - speed +
bottom of the fault tier and are often associated with elliptical depressions at the seabed. Their associated elliptical depressions have diameters ranging from 200 to 300 m. Q w—
* The stacked up, circular 7 “11{ 100ms - -
PHAAs are associated with
The individual linear PHAAs: These are expressed by a single, high amplitude reflection with shallow Composite linear PHAAs: They have positive, high amplitudes as circular, shallow oL
Framework of Roberts 2001 negative reliefs on seismic sections (reflection 4). They have the same trend as principal polygonal faults individual linear PHAAs and are vertically stacked. They are characterized depressions indicate :
below, and frequently have similar orientations to tectonic faults to which they are often linked with. by several individual linear patterns that link or group together. They are moderate seepage 6
associated with linear conduits beneath that are adjacent to each other. *Venting dynamics are
moderate and great
Seabed \ enough to induce shallow
5 ] depressions instead  of 5

creating a crater (Roberts,
2001)

» Their size variations are
interpreted to represent
qualitatively, the variations
in the volume of methane
evacuated to the palaeo
seabed
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- Circular expulsion craters « Small fluid-gas expulsion features  * Chimneys eXpreSSGd by pOCkmarkS facture
> No carbonate « Localized carbonates pavement » Carbonate cemented hardground 6 1 H Gas
* Hydrate mounds » Often absence of macrofauna ( . ) bearing
+ Dense chemosynthetic communities . Venting restarted and conical ~ &
ceased between the structure

interval of after 6.1H and

These key criterias above are also agreed by the research results of
other researchers: before 5.2Ma. It was -~ #
indicated by a i e/ !‘.- e—
Cartwright et al., 2007 Torres et al., 2002 Naudt.s etal., 2010 : disappearance and a re- Hydraulic MTC < - 1’ \\{ Acou‘st_ic‘ —
Gay et al., 2007 Naudts et al., 2010 Cartwright et al., 2007 - /,f_f__gfn\;‘:\_*icrqp appearance of PHAAs after facture e, : .'1‘. W per;m:tb;;;tr;s&
i A0ay :l"J 6.1H, with the PHAAs sizes e g (1
. P Tradl increasing then decreasing ] WO e St e N e i
r SV ) upward, until a second ‘ e " w
This framework is used in this study for the interpretation of fluid * LR et S 1 disappearance of PHAAs - — 400m I 100m '
venting structures. ﬁ_:= g\cr)?JFr)n before 5.2Ma ” AP
*From 5.2Ma to present
Upper) Seismic section shows an isolated linear PHAA at the top of a seismic chimney, which affected time fluid flux was became Upper right) A seismic cross section shows a series of circular PHAAs stacked
by pull-up effect and developed vertically through the middle of a graben of a polygonal fault tier. active and fluctuated ftill up above a pockmark crater and on trend with a deep seated fault. Upper left)
present day. 3D amplitude horizons of this vertical success show sub-circular PHAAs.
N * This is demonstrated by Shallow depressions (depth ca. 2ms TWT) have been observed along the strike
£ the PHAAs that increase of these PHAAs.
I co0m BT Amp and decrease in size

6.5. Slow to Moderate to Fast vent

The genetic relationship between chimney structures, PHAAs, pockmarks is brought out, through We are grateful to Total S.A. for technical support and for providing us with data set.

A succession records variation of fluid flux The evolution of a compositional vertical succession of venting structures studying their geometric and morphologic on seismic, and in integrating the interpretation of amplitude SH acknowledges support from Cardiff University research grant and Total S.A.’s
The rate of fluid venting increasing over variations. financial support.
time is expressueld E)Iy tr:egstacked-upglinear * PHAAs are interpreted as hard layers that we interpret as methanogenic carbonates, which may also Schlumberger are thanked for their donation of the GeoFrame interpretation software.
and sub-cicular PHAA below a pockmark Initial see Slow vent Moderate  Fluid inactivit B contain gas hydrate in specific cases Special thanks for B. Paternoster for his geophysic knowledge sharing, and D.
. > vent y R » Thin layers of carbonate and the presence of gas hydrate in seep points are likely to give sufficient Carruthers for his guidance of scientific discussinos.

velocity anomalies to result in a pull-up effect. This is interpreted to include even thin accumulations of

carbonate deposits below vertical seismic resolution
®<  Sub-circular PHAAs are associated with sub-circular depressions, while linear PHAAs associate with the _
Relative venting spefd O linear conduits

' In|t|a| pOCkmark Crater . ¢ The reﬂeCtlons WhICh Contaln PH S represent a datum Close to the near Water-sedlment Interface gs::’;’;fhjlijgsﬁ\fael \'}APar;iLﬁ}lellent é Zoofgreizahbylzzz:;ysjergzcﬁﬁ:g IBDUIIEQCaZhg'IDp;;l‘:le 1Y6.6-Jean—Baptiste P., Fourré, E., and Chazallon, B., 2004
/ N ﬂUld eru tion 5 \ / because methanogenic carbonates 0n|y occur in shallow sediments near water-sediment interface or at Physicai and chemical ghzay.racterizatyio.n’ofgas hy(‘iratyes‘and z{sséciated_meghar;e plqmes’i_n {h_e Qonéo_—/’kngola Basin. Chemical Géok;gy, v. 205, p. 405-425.
Pockmark p \ 7 . Coffeen, J.A., 1978, Seismic Explorzinon Fundamentals: The Use of Seismic Techniques in Finding Oil, 277p. ) o
— ———— \Q/ the Seabed, accordlng tO the depth Of SMTZ Gay, A, Lopez: M., Cochqnat. P., Se_ra_rine, M., Levaché, D and Sermondadaz, G._, 2006._ Isolated seafloor pockmarks linked to BSRs, fluid chimneys, polygonal faults
crater V/ T — L. X . . . and stacked Oligocene-Miocene turbiditic palaeochannels in the Lower Congo Basin. Marine Geology, v. 226, p. 25-40.
. Sub_circular PHAA \ — Vg — . The depth Of PHAAS, Wlthln or beyond the Sulphate reductlon zZone Is the key Crlterla used tO gayi A, Lop2<e42‘i M,,688eg12dt, C., and Séranne, M., 2007, Geological controls on focused fluid flow associated with seafloor seeps in the Lower Congo Basin. Marine
— . . . . . eology, v. 244, p. 68-92.
- moderate vent ! N f’ */*, \Q/ differentiate between fossil and active epISOdeS of seepage Hustof%,yS., Miens’;rt, J., Biinz, S., and Nouzé, H., 2007, High-resolution 3D-seismic data indicate focussed fluid migration pathways above polygonal fault systems of
AN ) VL *, 4 *, . . . . . . the mid-Norwegian margin. Marine Geology, v. 245, p. 89-106.
| : i ooy e * The dynamics of fluid expulsion is expressed by the venting structures and by the geometries of Larson, R L., and Ladd, J.W., 1973, Evidence for the Opening of the South Atlantic in the Early Cretaceous. Nature, v. 246, p. 209-212.
\ [ " . Lavier, L.L., Steckler, M.S., and Bri d, F., 2001, Cli i d i | he C i luti f the West Afri in. Marine Geol ,v. 178, p. 63-
I associated PHAAs and SUppOftS the model of Roberts et al. (2006) Bginer teckler, and Brigau imatic and tectonic control on the Cenozoic evolution of the West African margin. Marine Geology, v p
2 o Linear ConduitS and PHAAS presenting W|th Iinear negative re”ef indicate SlOW rates Of Venting ;ltrlznli_chm;;Ic:]sDaAN:sg i\\/AVe,(rJr].,Oii(J\(/)'Oi;eps-e;;?;rz.systems of selected basins of the South Atlantic, in: Mello, M.R. and Katz, B.J. (Eds.), Petroleum systems of South
i AA H thi H H H Mascle, J., and Phillips, J.D., 1972, M tic Si th Z in the South Atlantic. Nature, v. 240, p. 80-84.
' I;Ineatr Fi)iH | S t Llnear L|near ne atlve (Sub) Circular Horlzontal POCkmark ° SUb-CIrCUIar PHAAS Wlthln Sha”OW depreSS|onS are Interpreted as the eXpreSS|0n Of mOderate rates Of N:Sgt:, L.,?Br:'einell't,”f Poort, J., Belzaa?t].e, I\(/:anrg;r%pel::re:llin., Beoo:eu, D.,L?:klec, P.?:;enr;;t, J.»P’.), and De Batist, M., 2010, Active venting sites on the gas-hydrate-
nit wer ven H i iANi bearing Hikurangi Margin, off New Zealand: Diffusive- bubble-released methane. Marine Geology, v. 272, p. 233-250.
) ally slower ve e 19 y . orizont venting and potentially signify the stage before the development of pockmarks e B e e M o TR0 v, o, ot o
i i i i H bl iant ki k off West Africa: tial patt d i tal trol. Marine Ecology, v. 28, p. 115-130.
au relie epression eposits * Linear conduits and PHAAs are observed at fault locations for all cases which leads us to hypothesise 2 o e ane soepsof e Congs oo o Cooar Lovers 0. 27, 206257
Am that fluid migrates through faults from the deeper sources thus implying a thermogenic origin for the B O, e Sappelen, o - Cuantiative analysis of anaerobic oxidation of methane (AOM) in marine
P methane Roberts, H H., 2001. Fluid and gas expulsion on the nodheyrn.Gquyof Mexiéo c':ontinentél slope : Mud-prone to mineral-prone responses. Geophysical Monograph, v.
. 124, p. 145-161.
N 11 & PHAAs / Methanogenic * PHAAs which terminate in pockmarks and craters suggest an increase of methane flux over time which Torre:,M.E., McManus, J., Hammond, D.E., de Angelis, M.A., Heeschen, K.U., Colbert, S.L., Tryon, M.D., Brown, K-M., and Suess, E., 2002, Fluid and chemical
1 - C rbOnateS . fluxes in and out of sediments hosting methane hydrate deposits on Hydrate Ridge, OR, I: Hydrological provinces. Earth and Planetary Science Letters, v. 201, p. 525-
a changes from a moderate to a faster rate of venting 540. _ _ _
] 400m Vignau, S., Deharbe, J.M., Ros, J.B., Boutet, C., Masse, P., Jaffuel, F., Walgenwitz, F., Gerard, J., Martin, R., and Blake, B., 2000, Well study report: Sedimentology-

Inorganic geochemistry-Structural analysis-Biostratigraphy. Total S.A., internal report, v. 2, p. 134.
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