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There is active gravity flow sedimentation on the lower continental slope of Niger Delta. High-resolution 3-D seismic data en-
able a detailed study on the gravity flow deposition process and its impact. The lower continental slope of Niger Delta is char-
acterized by a stepped complex topography, which resulted from gravity sliding and spreading during Miocene and Pliocene. 
Two types of accommodations are identified on the slope: ponded accommodation as isolated sub-basins and healed slope 
accommodation as connected tortuous corridors, where multi-scale submarine fans and submarine channels developed. Gravity 
flow deposition process is affected by the characteristics of gravity flows and the receiving basin. At the early stage, gravity 
flow deposition process was dominated by “fill and spill” pattern in the ponded accommodation, whereas it was confined to the 
healed slope accommodation during the late stage. On the lower continental slope of Niger Delta, complex slope topography 
controlled the distribution and evolution of the gravity flow, producing complicated gravity depositional patterns. 
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Study on the deep-water deposition process and its product 
is one of the most interesting fields in sedimentology [1]. 
Due to the lack of outcrop data and high cost of drilling, 
seismic interpretation has become one of the major ap-
proaches to studying deep-water deposits [2–6]. Processes 
such as salt (or mud) diapir, gravity sliding, and gravity 
extending produce numerous diapir and thrusting structures 
in the passive continental margin, forming complex conti-
nental slope topography [7–11]. The issue that the complex 
topography controls the sediment architecture and distribu-
tion has drawn great attention of geoscientists [10, 12–14]. 
Sediment supply, tectonism, and relative sea-level change 

are the three main controls in deep-water depositional sys-
tem [15, 16]. However, as sediments reach the shelf margin 
or beyond, sediment delivery system and configuration of 
the receiving basin become the controlling factors of sub-
marine fan morphology and lithofacies distribution.  

The deep-water area of Niger Delta basin is one of the 
most important exploration provinces. The increasing ex-
ploration successes on the continental slope and the 
deep-water basin greatly promote scientific research on the 
deep-water deposits in this region [3, 4, 8, 14]. 

Many gravity-thrusting structures have been found on the 
lower continental slope, Niger Delta basin [8, 9, 11]. These 
structures are considered to have been controlling the depo-
sitional architecture and patterns of the submarine channels. 
According to Heinio and Davies [14], the growth folds per-
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pendicular to the channel-levee system caused knickpoint 
migration and also induced changes of submarine channel 
gradient and loading and erosional capacity of turbidity 
current. This paper focuses on the impact of basin configu-
ration on deep-water gravity flow sedimentary process and 
its impact in the lower continental slope of Niger Delta. 

1  Regional geologic setting 

Niger Delta is located in the Gulf of Guinea on the margin 
of West Africa. It is bounded by the Cameroon volcanic belt 
to the east and 4000 m contour line and the Dahomey basin 
to the west. In the west Niger Delta, the width of the shelf 
ranges from 50 to 70 km with the shelf-break in a water 
depth of 150–200 m (Figure 1(a)). The relative sea-level 
drop and fast deposition rate since the Eocene have caused 
the building of the deep-water Niger Delta, which is one of 
the largest regressive deltas in the world. The Cenozoic 
Erathem of the deep-water Niger Delta is composed of 
Akata Formation and Agbada Formation (Figure 1(b)).  

The study area is located at the toe thrust belts of the 

west Niger Delta with an average water depth of 1500 m 
(Figure 1(a)). The thrust belts induced by gravity sliding are 
characterized by a wide variety of thrust structural styles 
such as fault-bend folds and complex imbricate thrust series. 
The thrust faults cut through the Agbada Formation in many 
places and then merged downward into a detachment sur-
face (Figure 1(b)). There are many piggy mini-basins in the 
back-limb of fault-related folds, which were caused by 
gravity sliding since the Eocene. Niger Delta exhibits com-
plex slope and deep sea basin topography. Submarine can-
yons act as conduits transporting sediments from the shelf 
margin by gravity flows into the slope and deep sea plain. 
The complex seafloor topography has played an important 
role in controlling the gravity flow depositional processes 
and distribution of sediments. 

2  Theory on confined gravity flow 

Van Andel and Komar [17] used the word ‘ponding’ to de- 
scribe a situation in which large volume of turbidity flows 
are fully confined by an area of enclosed bathymetry. 

 

 
Figure 1  Schematic map showing the main sedimentary basins and tectonic features of Niger Delta and the structural framework of the study area. (a) 
Schematic map showing the main sedimentary basins and tectonic features of Niger Delta [9]; (b) sketch map showing the structural framework of the study 
area.  



 LI Lei, et al.   Sci China Earth Sci   August (2010) Vol.53 No.8 1171 

Pickering and Hiscott [18] proposed the concept ‘contained 
turbidite’ to refer to beds deposited from turbidity flows that 
are confined within a basin too small to allow multi-   
directional flows. Mutti and Normark [19] recognized four 
basic types of turbidite basins, emphasizing that the 
long-term stability of the receiving basin and the volume of 
sediments control the morphology and subfacies of subma-
rine fans. Mutti and Normark [15] proposed that, along with 
eustasy and tectonism, the composition and volume of tur-
bidity flows and the basin type and configuration are key 
factors in controlling the geometry and facies models of 
turbidite systems. Ross et al. [20] introduced a slope read-
justment model, suggesting that depositional and erosional 
processes on continental slopes tend to maintain it in a 
steady and equilibrium state.  

Kneller and McCaffrey [21, 22] demonstrated the effects 
of confined surface and salt diapir topography on turbidity 
flows based on flume experiment. Galloway [23] empha-
sized the important influence of sediment supply history and 
slope paleo-topography on the development of seven basic 
sedimentary facies in the slope and slope-base depositional 
systems. Prather et al. [13] showed that various seismic fa-
cies assemblages predominate in the fill history of Gulf of 
Mexico deepwater basins and related them to different types 
of accommodation. Prather [24] took a further step and 
simulated the fill and spill sequence of Gulf of Mexico  
intra-slope basins with numerical forward modeling. Ac-
cording to Prather [10], the distribution and quality of deep 
sea reservoirs are controlled by slope topography. Sheet 
sands tend to develop in ponded accommodation; cyclical 
alternation of channels, sheets, and mass transport com-
plexes are common in healed slope accommodation, while 
sinuous ribbon-like channel sands are often found in 
stepped profiles. Smith [25] divided the depositional sys-
tems on topographically complex slopes into cascades of 
silled sub-basins and connected tortuous corridors lacking 
effective sills. According to Smith [25], filling styles and 
reservoir configuration are controlled by the volume of 
sediment supply, flow properties, the relative scale of the 
receiving basin, the relative rate of basin subsidence, and 
the infilling depositional processes. 

3  Characteristics of receiving basin configura-
tions, the lower continental slopes of Niger Delta 

3.1  Topography of receiving basin 

High-resolution 3-D seismic interpretation has become an 
important method in reconstructing the paleotopography at 
the time depositional systems were deposited [12]. From 
Miocene to late Pliocene, a series of thrust and fold belts 
were formed due to gravity sliding on the lower continental 
slope and in deep sea basin [8, 9, 26]. During late Pliocene, 
the development of gravity thrust faults (F1, F3, and F6) 
produced complex seafloor topography in the study area, 

with many mini-basins coming forth at the backlimb of the 
fault-related folds. Gravity sliding has weakened from 
Pleistocene to present. However, the topography of the con-
tinental slope is still affected by the early gravity thrusting 
faults, maintaining a mini-basin style (B1, B2, and B3) 
(Figures 1(b) and 2(a)). There are two uplifting belts in the 
study area, one in northwest direction and the other one in 
northeast direction. Between these two uplifting belts, 
mini-basins are connected by paths, forming cascades of 
silled mini-basins with lateral escaping paths (Figure 2(a) 
and (b)). 

3.2  Slope equilibrium profile and accommodation 
types 

Slopes can be divided into graded slope and above-graded 
slope on the basis of topography [10, 20]. Gravity structural 
movement tends to produce a rough surface and thus an 
above-graded slope, while deep-water deposition and ero-
sion try to form gentle topography and consequently a 
graded slope. The slope equilibrium profile is a trend sur-
face, where sediment deposition and erosion are in equilib-
rium. Spaces below this surface are accommodation where 
sediments transported by gravity flows are deposited, while 
strata above this surface tend to be eroded away. Erosion 
intensity is determined by the power of the gravity flows 
and properties of the slope. Areas above the slope equilib-
rium profile are potential erosion zones; in contrary, areas 
below the slope equilibrium profile are potential deposition 
zones (Figure 2(c)). Ponded accommodation and healed- 
slope accommodations, which make up the total accommo-
dation, exist across the above-graded slopes (Figure 2(c)). 
The total accommodation is determined by the slope equi-
librium profile and seafloor. Ponded accommodation lies 
within the 3-D enclosed topographic lows, which are identi-
fied by the points of maximum negative curvature [24, 27]. 
Effective ponded accommodation is a 3-D closure volume 
controlled by the lowest spill point. Healed slope accom-
modation is the volume difference between the total and the 
ponded accommodation (Figure 2). 

4  Submarine sediment types and sedimentary 
facies 

The thickness and distribution of gravity flow deposits are 
greatly controlled by the seafloor topography. As shown in 
Figure 3, sediments deposited from gravity flows are dis-
tributed mainly in the connected tortuous corridors. Three 
mini-basins (B1, B2, and B3) within the corridors hold most 
of the sediments (Figure 3(a) and (b)). The following seis-
mic reflection characteristics can be observed from the 
seismic profile (Figures 2(b) and 3(c)–(f)): low ampli-
tude-parallel to subparallel seismic reflections, high ampli-
tude-mounded seismic reflections, seismic events overlap- 
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Figure 2  Slope topography of the study area in Pleistocene and typical seismic sections through the slope. (a) Slope topography and the tectonic features of 
the study area in Pleistocene; (b) typical seismic sections through the slope; (c) accommodation of above-graded slopes in the study area. 

ping the margin of mini-basin and truncations. Low ampli-
tude-parallel to subparallel seismic reflections are inter-
preted as hemipelagic mud; while mounded seismic facies 
are submarine fans, distributary channel-lobe complexes, 
and channel-levee complexes [2, 4, 6, 13]. Gravity flows 
deposits, which are characterized by high amplitude moun- 
ded seismic facies, are separated by hemipelagic mud with 
low amplitude, high-continuity reflections. Hemipelagic 
mud is deposited mostly during periods of gravity flows 
depositional quiescence. 

5  Sediment processes of the confined gravity 
flows 

5.1  Vertical evolution of the confined gravity flows 

The gravity flow deposits on the basin margins often exhibit 
convergent-baselapping facies and convergent-thinning fa-
cies. Different seismic geometries indicate different sedi-
mentary processes and record a variety of accommoda-
tion-filling successions [13]. High-resolution 3-D seismic 
reflections not only display the deep-water depositional 

elements including multi-submarine fan (lobe), erosional 
channel, but also reveal the depositional infilling history of 
different kinds of accommodations. Seismic events on the 
bottom of the three mini-basins (B1, B2, and B3) thin to-
ward and baselap on the basin margins, which is typical of 
convergent-baselapping (Figure 2(b)). These reflection 
characteristics suggest that the capture of the gravity flow 
sediments occurred in these mini-basins and the deposi-
tional architecture is controlled by the volume and 3-D ge-
ometry of the mini-basins. Seismic events on the top of the 
three mini-basins thin toward the fold and have no distinc-
tive baselapping facies. This is typical of the conver-
gent-thinning facies, which reflects high gravity flow depo-
sition ratio. 

Most thrust faulting ceased in the study area since the 
Pleistocene, except for the gravity thrust faults in the central 
uplifting belt. The lower continental slope influenced by the 
early gravity thrusting maintained a series of mini-basins 
(B1, B2, and B3). Four stages of gravity flow have been 
recognized. At the first stage (Figure 4(a)), gravity flow 
deposition occurred only in mini-basin B1 because the 
volume of the gravity flow was less than that of the 
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Figure 3  Plane features and seismic facies of submarine fan. (a) Isopach map of submarine fan and the tectonic features of the study area in Pleistocene; (b) 
Rms map (Bot-60 ms) highlighting the multi-submarine fan (lobe) and channel; (c)－(f) typical seismic sections showing submarine deposit elements. 

mini-basin. This mini-basin was a ponded accommodation 
controlled by its lowest spill point. Submarine fans devel-
oped in mini-basin B1 showing a baselapping seismic re-
flection pattern (Figure 2(b)). At the second stage (Figure 
4(b)), the volume of the gravity flow exceeded that of 
mini-basin B1. The gravity flow spilled from the mini-basin 
B1 to mini-basin B2 through the lowest spill point of the 
mini-basin B1. Sediments were accumulated in mini-basin 
B2 by progradation, showing a baselap seismic reflection 
pattern on the basin margin. Sediments on the base of 
mini-basin B1 are younger and finer than those in 
mini-basin B2. The baselap surface in the mini-basin B1 is 
also younger than that in the mini-basin B2. At the third 
stage (Figure 4(c)), gravity flow, which already filled 
ponded accommodation B1 and B2, started to deposit in the 
healed slope accommodation, which were induced by the 
slope topography and the density difference between gravity 
flow and seawater. Different from the “fill and spill” proc-
esses in the former two stages, gravity flow was deposited 
in healed slope accommodation, which are the connected 
tortuous corridors between mini-basins B1 and B2, showing 
convergent-thinning facies on the top of the uplift (Figure 
2(b)). In the last stage (Figure 4(d)), localized erosion hap-
pened where the slope equilibrium profile lay below the 
central uplift. The gravity flows reached mini-basin B3 
through the erosional V-shaped channel. 

5.2  Plane evolution of the confined gravity flow 

Due to the influence of the early northwest and northeast 
gravity thrust belts, the lower continental slope in the study 
area exhibits a stepped topography with connected tortuous 
corridors (Figure 5). Three mini-basins (B1, B2, and B3) 
controlled by their lowest spill points lie within the corri-
dors, forming ponded accommodation. Without effective 
close volumes on a topographically complex slope, only the 
healed slope accommodation forms on the connected tortu-
ous corridor. 

Gravity flow deposition was confined in mini-basin B1 
untill the volume of the gravity flow exceeds the effective 
accommodation of the basin, forming submarine fans 
(lobes). The submarine fan or lobe eventually filled the 
mini-basin B1 (Figure 5(a)). When the gravity flow volume 
exceeded the ponded accommodations, sediments bypassed 
the previously filled mini-basin B1 via the lowest spill point 
into the mini-basin B2 downslope, forming secondary level 
submarine fans (lobes) (Figure 5(b)). Under the control of 
continental topography and gravity flow hydrodynaminic 
conditions, healed slope accommodation developed above 
the ponded accommodation. Gravity flow deposition in 
healed slope accommodation shows patterns of channel or 
leveed-channel, which is affected by the geometry of con-
nected tortuous corridors (Figure 5(c)). Erosion occurred 
where the central uplifting zone was above the equilibrium  
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Figure 4  Profile illustrating the vertical evolution of confined gravity 
flow. 

 

Figure 5  Schematic diagrams showing the plane evolution of confined 
gravity flow.  

profile. The gravity flow cut through the weak rock zone 
into channels through which sediments were transported 
and deposited in mini-basin B3, forming terminal lobes 
(Figure 5(d)). 

6  Conclusions 

In this paper, we have discussed the gravity flow deposition 
process and its responses to complex topography by study-
ing the lower continental slope, Niger Delta, with 
high-resolution 3-D seismic data. Three conclusions can be 
drawn from the interpretation of the shallow 3-D seismic 
data. 

(1) The lower continental slope, Niger Delta, is charac-
terized by stepped topography that is influenced by the 
gravity sliding or spreading from the Miocene to the Plio-
cene. Gravity flow sediments bypassed or deposited in the 
connected corridors and 3-D closed mini-basins within the 
corridors, forming multi-grade submarine fans (lobes) and 
submarine channels. Gravity flow deposition was domi-
nated by “fill and spill” process in 3-D closed ponded ac-
commodations in the early stage, while it was confined in 
healed slope accommodation in the late stage.  

(2) The gravity flow deposition processes interpreted 
from 3-D seismic data are meaningful in predicting the dis-
tribution of gravity flow deposits and sediment quality. In 
areas with rich drilling data, further study should be done on 
the genetic type and distribution of the microfacies of the 
gravity flow depositional system. 

(3) The topographically complex slope and deep-water 
plain are the primary factors that govern the gravity flow 
sedimentary processes and its distribution. It is unrealistic to 
accurately summarize and predict the gravity flow deposi-
tional system with any single model. 

We thank the anonymous reviewers for their assistance and constructive 
comments. This study was supported by National Basic Research Program 
of China (Grant No. 2009CB219407) and National Natural Science Foun-
dation of China (Grant No. 40972077). 

1 Li Z. From the highest to the deepest: A review on research frontiers 
of sedimentology reflected from 17th International Sedimentological 
Congress (in Chinese). Acta Sediment Sin, 2006, 24: 928–933 

2 Saller A, Werner K, Sugiaman F, et al. Characteristics of Pleistocene 
deep-water fan lobes and their application to an upper Miocene res-
ervoir model, offshore East Kalimantan, Indonesia. AAPG Bull, 2008, 
92: 919–949 

3 Fonnesu F. 3-D seismic images of a low-sinuosity slope channel and 
related depositional lobe (west Africa deep offshore). Mar Petrol 
Geol, 2003, 20: 615–629 

4 Adeogba A A, McHargue T R, Graham S A. Transient fan architec-
ture and depositional controls from near-surface 3-D seismic data, 
Niger Delta continental slope. AAPG Bull, 2005, 89: 627–643 

5 Gervais A, Savoye B, Mulder T, et al. Sandy modern turbidite lobes: 
A new insight from high resolution seismic data. Mar Petrol Geol, 
2006, 23: 485–502 

6 Jackson C A L, Barber G P, Martinsen O G. Submarine slope mor-
phology as a control on the development of sand-rich turbidite depo-
sitional systems: 3D seismic analysis of the Kyrre Fm. (Upper Creta-
ceous), Maloy slope, offshore Norway. Mar Petrol Geol, 2008, 25: 
663–680 

7 McDonnell A, Loucks R G, Galloway W E. Paleocene to Eocene 
deep-water slope canyons, western Gulf of Mexico: Further insights 
for the provenance of deep-water offshore Wilcox Group plays. 



 LI Lei, et al.   Sci China Earth Sci   August (2010) Vol.53 No.8 1175 

AAPG Bull, 2008, 92: 1169–1189 
8 Kostenko O V, Naruk S J, Hack W, et al. Structural evaluation of 

column-height controls at a toe-thrust discovery, deep-water Niger 
Delta. AAPG Bull, 2008, 92: 1615–1638 

9 Corredor F, Shaw J H, Bilotti F. Structural styles in the deep-water 
fold and thrust belts of the Niger Delta. AAPG Bull, 2005, 89: 
753–780 

10 Prather B E. Controls on reservoir distribution, architecture and 
stratigraphic trapping in slope settings. Mar Petrol Geol, 2003, 20: 
527–543 

11 Rowan M G, Peel F J, Vendeville B C. Gravity-driven fold belts on 
passive margins. In: McClay K R, ed. Thrust Tectonics and Hydro-
carbon Systems. Tulsa: AAPG and Datapages, 2004. 157–182 

12 Lin C S, Yang H J, Liu J Y, et al. Paleostructural geomorphology of 
the Paleozoic central uplift belt and its constraint on the development 
of depositional facies in the Tarim Basin. Sci China Ser D-Earth Sci, 
2009, 52: 823–834 

13 Prather B E, Booth J R, Steffens G S, et al. Classification, lithologic 
calibration, and stratigraphic succession of seismic facies of intra-
slope basins, deep-water Gulf of Mexico. AAPG Bull, 1998, 82: 
701–728 

14 Heinio P, Davies R J. Knickpoint migration in submarine channels in 
response to fold growth, western Niger Delta. Mar Petrol Geol, 2007, 
24: 434–449 

15 Mutti E, Normark W R. An integrated approach to the study of tur-
bidite systems. In: Weimer P, Link M I, eds. Seismic Facies and 
Sedimentary Processes of Submarine Fans and Turbidite Systems. 
New York: Springer, 1991. 75–106 

16 Reading H G, Richards M. Turbidite systems in deep-water basin 
margins classified by grain size and feeder system. AAPG Bull, 1994, 
78: 792–822 

17 Van Andel T H, Komar P D. Ponded sediments of the Mid-Atlantic 
ridge between 22 degrees and 23 degrees north latitude. Geol Soc Am 
Bull, 1969, 80: 1163–1190 

18 Pickering K T, Hiscott R N. Contained (reflected) turbidity currents 

from the middle Ordovician Cloridorme Formation, Quebec, Canada: 
An alternative to the antidune hypothesis. Sedimentology, 1985, 32: 
373–394 

19 Mutti E, Normark W R. Comparing examples of modern and ancient 
turbidite systems: Problems and concepts. In: Legget J K, Zuffa G G, 
eds. Marine Clastic Sedimentology. London: Graham and Trotman, 
1987. 1–38 

20 Ross W C, Halliwell B A, May J A, et al. Slope readjustment: A new 
model for the development of submarine fans and aprons. Geology, 
1994, 22: 511–514 

21 Kneller B C, McCaffrey D W. Modeling the effects of salt induced 
topography on deposition from turbidity currents. In: Travis C J, Har-
rison H, Hudeac M R, et al., eds. Salt, Sediment and Hydrocarbons. 
Houston: SEPM Gulf Coast Section, 1995. 137–145 

22 Kneller B C, McCaffrey D W. Depositional effects of flow nonuni-
formity and stratification within turbidity currents approaching a 
bounding slope: Deflection, reflection and facies variation. J Sedi-
ment Res, 1999, 69: 980–991 

23 Galloway W E. Siliciclastic slope and base-of-slope depositional 
systems: Component facies, stratigraphic architecture, and classifica-
tion. AAPG Bull, 1998, 82: 569–595 

24 Prather B E. Calibration and visualization of depositional process 
models for above-grade slopes: A case study from the Gulf of Mex-
ico. Mar Petrol Geol, 2000, 17: 619–638 

25 Smith R. Silled sub-basins to connected tortuous corridors: Sediment 
distribution systems on topographically complex sub-aqueous slopes. 
In: Lomas S A, Joseph P, eds. Confined Turbidite Systems. London: 
Geological Society, 2004. 23–43 

26 Doust H, Omatsola E. Niger Delta. In: Edwards J D, Santogrossi P A, 
eds. Divergent/Passive Margins Basins. Tulsa: AAPG and Datapages, 
1990. 201–238 

27 Steffens G S, Biegert E K, Sumner H S, et al. Quantitative bathymet-
ric analyses of selected deepwater siliciclastic margins: Receiving 
basin configurations for deepwater fan systems. Mar Petrol Geol, 
2003, 20: 547–561

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


