Summary for Sedimentology

Sedimentology: part of the geology concerned with the study of sediments and sedimentary rocks.

· physical processes of transport and sedimentation

· composition of the sediments

· analysis of the diagenetic processes

· construction of predictive models

Sedimentation is the synergy of: 

· sediment supply

· changes caused by chemical, biological and physical processes

· Accommodation space: The space in a sedimentary basin where sediment accumulation can take place. Accommodation types:

Accommodation 1
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Accommodation 2


[image: image2]
[image: image1]Sedimentary environments

· Continental:

· Fluvial

Fluvial deposits:

· Morphology:

Upstream: Erosion & tributary pattern of channels.

Midstream part: Sediment transport (bypassing) & straight

[image: image14.wmf][image: image15.wmf]Downstream part: Sedimentation & distributary pattern of channels

River types are: 

Meandering, Braided, Straight, Anastomosing
( 
Channel belt: The total width of the area where fluvial deposits can be
[image: image16.png]Heightened an
sharpened- P

Orbits become
more elliptical
toward bottom

veenE only -

f17004.mov.




formed by lateral migration of a single river. A channel belt is limited in time 

by avulsion. Avulsion: The process of river abondonement by breakthrough of its levee, followed by new river course. Reasons for avulsion are weak parts in the river 

[image: image17.png]‘Wavelength

Direction of waves

f17003.

3




bank and bends. The new path becomes steeper and therefore more favourable for fluid flow ( compaction of the area adjacent to the river (floodplain) and vertical aggradation of the channel floor.
· Relation channel shape – sediment load:
Bed load

Mixed load

Suspended load

· [image: image18.png]


Braided rivers

Characteristics:

Sandy or gravelly braided rivers, multiple channels, high width thickness ratio, high gradient, low sinuosity, fluctuating run off, bed load transport.

Sedimentary analysis:

+ geometry: Channel & sheet geometry, sand on sand contacts dominant, discontinuous shale.

+ lithology: Coarse sand, gravel, fine grained sediment in abandoned channels, diagenesis: red color caused by oxidation of organic matter.

+ sedimentary structures: Channel shape (pre-depositional), large scale cross bedding by bar growth, imbricated (‘overlappende’) pebbles & bar growth.
+ palaeocurrents: Unimodel distribution, low spread.

+ fossils: oxidation of fossil remains, lag deposits at channel base.

+ subsurface characteristics:

!
Seismic: Sharp top and basal reflection, few or no internal reflectors.


!!
Cores: Massive sand sequence with internal erosion surfaces.


!!!
Logs: 
Dipmeter: green pattern in shale & foreset dips of bars.




Gamma ray: Uniform sand sequence.
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Meandering rivers

Characteristics: 
Single channel, vegetated lowland, stable discharge, low relief, bed load,

 mixed load or suspended load.

Sub environments:

· Floodplain: Is the area on both sides of the active channel. 
Only flooded at peak run-off
Sedimentary analysis:
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+ geometry: massive sheet shape

+ lithology: Mainly silt and clay, fine sand: settles out of suspension

+ sedimentary structures: Fine laminations, wave ripples and shrinkage cracks.

+ palaeocurrents: None
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+ fossils: root horizons and coal.

· Active channel: 

Characteristics: 

[image: image22.wmf]Single non-branching channel, erosion in outer bends (cut bank), bordered by natural dikes (levees), sedimentation in inner bend (point bar), the cause of which is helicoidal flow in bends.
Point bar accretion: 
Levee breakthrough: 

At peak run-off
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Small fan-shaped sediment bodies:


Crevasse delta:



Crevasse splay:
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Sedimentary analysis:

+ geometry: Lens to sheet shaped geometry & labyrinth type stacking, continuous shale

+ lithology: Coarse sand, gravel at the base: lag deposit. Fining upwards sequence.
+ sedimentary structures: Channel shape (pre-depositional), cross bedding by point bar growth 1: lateral accretion, cross bedding by point bar growth 2: ripples.
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+ palaeocurrents: Unimodal distribution, large spreads.
+ fossils: Oxidation of fossil remains: low preservation potential.
Oxbow lakes: 
Compulsary reading: Galloway and Hobday 1996
· Abandoned channel
:

· Lacustrine:
General characteristics of lakes:

From peri-glacial to tropic

Permanent lakes = humid climate

Ephemeral lakes = arid climate

Freshwater to saltwater and evaporate lakes

Water source:


Precipitation


Surface run-off


Groundwater

Lake types
· [image: image27.jpg]


Volcanic origin

· Fluvial (oxbow lakes)

· Glaciation

· Proglacial

· Ice damming
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Tectonic origin

· Active strike slip (Dead Sea Valley) or extensional rift valleys (East Afrika & Baikal)

· Slowly subsiding sags in cratonic areas (Lake Chad & Lake Eyre)

Relationship water circulation and sedimentation.

Lake water circulation may be limited to the upper part of the water column
Stratification of lake water properties:


Temperature


Density

Oxygen content
Stratification has impact on the preservation of lake sediment

Properties of lake water
Water circulation by winds blowing over the surface. In the spring and autumn the water mixes due to strong winds. In the winter ice sheets prevent circulation. In the summer there are quiet conditions and circulation is limited to the upper part of the water column.

[image: image30.jpg]


Lake water stratification in the summer:
Epilimnion


Warm

Light (penetration of sunlight)

Well oxygenated 

Thermocline


Rapid temperature change

Hypolimnion


Cold


Dark


Poorly oxygenated

Oxygen depletion in hypolimnion of a productive lake
Upper part of the lake: Rich in life, photosynthesis, O2 diffusion

Deeper part of the lake: Depletion of dissolved O2, no photosynthesis, no diffusion

Anoxia: detritus, dead plankton, faeces rain down into hypolimnion

Thermal classification of lakes.

1.) Oligomictic: Stratified, rare disturbance

2.) Mono- & dimictic: Circulation occurs once or twice per year

3.) Polymictic: Circulation at frequent intervals

4.) Amictic: no circulation (frozen lake)

Hypolimnion: Anoxic conditions, organic matter not oxidized, source rock for sulfur rich hydrocarbons
· Butyl mercaptan CH3 - CH2 - CH2 - CH2 – SH

· Dimethyl disulfide CH3 – S – S - CH3

Compulsary reading: Oil chemistry.pdf

Lake sedimentation. 
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Sediment fining from lake margin to base centre. Peat (coal) on lake shores. Lake infil by delta propagation (clastic) or carbonate platform outbuilding, hence coarsening upward sequence.

· Clastic: Lake Bonneville (Pleistocene, Utah) 

Lake size: 90*300 km.

Basin filled with pro-grading deltas

Lake centre: mudstone

Lake margins: coal swamps

Lacustrine Gilbert type deltas:

· No salinity contrast between inflow and standing body of water

· Tidal effects negligible

· Generally modest wave modification

· [image: image32.png]


In tectonically active basins

· Coarse-grained

· Extensive, simple steep giant foresets overlain by flat topsets

· Recorded foreset heights up to 100 m high!
· Lake Bonneville (Pleistocene)

· Giant foresets




( ( ( 
· Lower angle x-bedding (middle): wave reworking of delta front

[image: image33.jpg]



Compulsary reading: Gilbert type delta.pdf.

· Carbonate: Littlefield Lake (Recent, Michigan)

· Facies distribution from lake margin to centre

The progradational sequence:
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Compulsary reading: Lacustrine reservoirs.pdf

· Aeolian:
[image: image35.png]
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Aeolian deposits occur in arid areas such as the peri-glacial & desert


 areas around the world.
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The Earth is encircled by wind belts

Belts are separated by narrow regions of ascending or descending air. Direction and location are determined by solar radiation and rotation of the Earth. Solar radiation is greatest near the equator (tropical zone).Air is warmed( rises ( loses moisture ( rising air creates a low pressure zone ( air is drawn in from sub-tropical zone ( air moves N and S and descends at 30° ( descending air is dry (((( desert areas.

Subdivision of deserts.
· Sand seas (ergs):

Saltation: Process by which sand is transported

[image: image38.jpg]


Saltation depends on wind direction, speed, grain size: separation silt and clay (suspension) and sand (saltation) and capillary forces.
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· Dunes:

Dune types:
[image: image40.jpg]
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Transverse dunes: 

Straight crest lines 

Crest lines perpendicular to wind direction

[image: image42.jpg]


Barchan ridges:

Curved crest lines
Dune tips in downwind direction 

Less sand than transverse dunes.

[image: image43.jpg]


Individual barchan dunes:
Curved crest lines 
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Dune tips in downwind direction 

Sand volume is low
Parabolic dunes:

Wind erodes dune on windward side 

Dune tips point in windward direction.
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Longditudinal (seif) dunes: 

Crest lines parallel to wind

Composite dunes 

Can reach very large height and length.
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Star dunes: 

Wind direction varies

Isolated high dunes

The type of dune formed usually depends on the amount of available sediment. Due to a decrease in sediment a transverse dune may become a barchan dune. Terminology of dune types may become more apparent with the following picture:
[image: image48.jpg]




Sedimentary analysis:
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+ geometry: Tabular geometry caused by fluctuating groundwater level plus deflation 
+ lithology: sand fraction: quartz sand, volcanic sand, gypsum, biogenic limestone debris
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[image: image51.wmf]+ sedimentary structures: 
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+ palaeocurrents+ logs: 
Paleaeo current distribution:
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· Inter-dune areas:

· Dry:
· [image: image56.png]


Wet:

· Evaporitic (sabkhas):
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  Initial phase salt formation ( End phase 

· [image: image61.png]
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River beds (wadi):

· Sheet floods
:
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Aeolian deposits of NW Europe: From the Rotliegend (=early Permian). Wide E-W oriented north of the London-Brabant Massif. This is bounded to the North by the evaporate inland sea and consists of Aeolian dunes and fluvial deposits.

· Coastal:
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The processes involved in coastal deposits. Sediment supply, coastal morphology, tidal action, wave action, tectonics sea level fluctuations. The dominant sediment types are clactic and carbonate coasts
· Deltas






coastal plain
Delta evolution:







delta platform


River mouth: energy loss





delta slope



Deposition of bed load sediment




pro delta


Suspension sedimentation away from coast


Deposits are obstacle
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Change of river bed

Delta morphology:

· [image: image67.png]Wind Directon
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River dominated delta

Delta protrudes far into the marine basin



Mississippi
Weak tidal and wave action:





delta


Delta sediment is not transported



Delta shape not modified

· Wave dominated delta
[image: image68.png]Variable Wind Directions




Along-shore transport by wave-generated currents of sediment that reaches the delta mouth

· Formation of spits on both sides





    Ebro
· Asymmetrical spits caused by oblique approach of waves (arrows)
    delta

· Protrudes into marine basin

· Tide dominated delta

· [image: image69.png]


Strong tidal currents are oriented perpendicular to the coast and redistribute the sediment

· Delta distributary channels oriented parallel to each other and perpendicular to the coast

· Delta does not protrude into marine basin

Irrawadi River
Delta sub-environments:





Bay of Bengal
Swamps, inter distributary bays, crevasse splay, distributary channel, levee

[image: image70.png]‘Wind direction




Water sediment and sedimentation:

· Depends on densities of river and sea water:


- Hypopycnal flow: density of river water < density of sea water
· [image: image71.png]Wind direction




In sub-aqueous levees formed at the side of the jet, where speeds are slowed by mixing

· in a distributary mouth bar, where a combination of spreading and mixing reduce speed and competence

· [image: image72.png]


Finer sediment is carried farther out and is deposited from suspension. It may be carried and distributed by offshore currents and is eventually deposited as prodelta muds. This results in lower depositional slopes and more extensive deposits

- Hyperpycnal flow: density of river water > density of sea water

[image: image73.png]Wind drecion
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Forming of turbidity currents are common. Mainly concerns small rivers with a high sediment load during peak run-off. Where the river inflow is more dense than the basinal water (e.g., due to sediment concentration), sediment moves along the base of the basin. It is usually deposited quite rapidly, but the finer portions may move farther as sediment gravity (turbidity) flows. These are generally associated with coarser sediment loads, and resulting deltas are small, elongate and generally steeply dipping


- Homopycnal flow: density of river water = density of sea water

[image: image75.png]STREAMLINES




Rapid mixture of two water types, and formation of Gilbert-type deltas. Mainly concerns rivers that end in lakes with a low salinity 
Sedimentary sequences:

Seaward progradation of delta:
I. Delta platform deposits gradually cover delta slope and pro-delta deposits

II. [image: image76.png]


Coarsening upward succession

III. Vertical sequence varies with location in the delta environment

IV. Vertical sequence varies with delta type (river-, wave- or tide-dominated)
V. Log response also varies with location in the delta

Delta switching:

i. Delta sediments build positive relief
ii. Sediment stack forms obstacle
iii. Entire delta switches to new position
iv. Accommodation increase in time: delta may return to (subsided) former position, hence:
· Autocyclic sequences

· [image: image77.jpg]


Linear

· Clastic coasts

Occurrence:  


Sand rich coasts


Surrounded by clay-rich environments


Bordering a coastal plain


Low relief, low gradient

· Wave processes:
· Generated by wind

· Shallow water: friction between waves and water may lead to bed load transport

· [image: image78.jpg]


The parameters for wave action are:

· Wave length (L): distance between two successive wave crests

· Wave height (H): distance between wave crest and trough

· Wave period (T): time difference of two successive wave crests passing a fixed point

· Wave speed (V): V=L/T
· Water depth (D): 

- Deep water if L< 0.5D. 
- Shallow water if L>0.05D. I
- Intermediate water depths: 0.5D<L<0.05D

· Wave base: D=0.5L

[image: image79.png]Gamma log Dipmeter log Interpretation 1
AP units o) 10 20 500 |
~
- Foreset |
- A== Z. - - 4 - - - -
- Toeset
| —
| - Foreset
N - Toeset
{ 100
{ Foreset




Deep water: orbital movement of water particles: shape remains circular with increasing depth
Waves in shallow water: shape of orbital movement changes to elliptic towards bottom. Horizontal sediment movement along bottom
Breaking waves: 
· Waves break if H = ± ¾ D

· [image: image80.png]Transverse Dune
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Waves break because the wave-train front is in shallower water than back, hence friction is higher and movement slower
Sediment transport by wave action:

· [image: image81.png]


Waves approach the coast at an angle: disintegration in vectors perpendicular and parallel to the coast

Longshore sediment transport:

· [image: image82.png]Barchan Dune /




Tidal processes:

Origin of tides: Attraction of gravity by the moon.

· Spring tide: 

[image: image83.jpg]



Position of moon, earth and sun line up. Amplification of attraction 

· Neap tide: 


Attraction sun and moon opposed, weakening
· Micro-tidal: tidal range 0 - 2 m

· Meso-tidal: tidal range 2 - 4 m

· Macro-tidal: tidal range > 4m 
Coastal types:

· [image: image84.jpg]


Mainland coast: Sandy coast directly adjacent to coastal plain, no lagoon
· Barrier island coast: Sandy coast separated from coastal plain by a lagoon, oriented parallel to the barrier island
· [image: image85.jpg]


Estuarine coast: Indentation in coast, oriented perpendicular to coastal trend

Coast Subdivision:
· Backshore: area between dune base and mean high water line (MHW)

· Foreshore: area between MHW and mean low water line (MLW)

· Shoreface: area between MLW and wave base

· Offshore: area between wave base and shelf edge

[image: image86.jpg]


Sub environments:

Flood tidal delta and lagunal shale

Washover and tidal delta sand

Marsh peat

[image: image87.jpg]



Tidal deltas:

[image: image88.jpg]
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Ebb-tidal delta

flood-tidal delta

Washover: 

Relation between shape and range in a barrier island coast
:

· Sedimentation on a barrier island coast:

Coastal development in time:


Parameters:
· Sediment supply to the coast

· Relative sea level movement:

· Eustatic component

· Tectonic component

Scenario 1: Sediment supply < relative sea level rise
· Effects:

[image: image90.jpg]



- Lower topography


- Higher washover activity


- Shoreface erosion


- Flood-tidal delta expansion
Landward migration processes:

· Shoreface erosion

· Storm overwash
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Expansion of flood tidal deltas
· Net effect of erosive processes:

· Landward displacement of barrier coastal profile (A)

· Net effect of erosive process in combination with relative sea level rise:

· Landward and upward displacement of barrier coastal profile, and

· Erosion of the upper part of the barrier deposits (B)

Preserved geometry:
· [image: image92.jpg]ASTER/VNIR, RGB=321 (2000/04/08] METY/ERSDAC




Sustained landward and upward translation of coastal profile +

· Partial erosion of barrier top (
· Sheet geometry with local step-ups (A, positions 3-5) in periods of interrupted landward migration

· Resulting coastal development:


- depositional transgression

· Geometry of the coastal deposit: sheet sand

· Effects of sea level fluctuation: 

Hypothetical coastal development of the Netherlands
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Transgressive sequence

· Holocene sequence is partly preserved

· Top the barrier island is eroded by subsequent shoreface erosion

· Lagoonal and back barrier deposits (including washover and flood-tidal deltas) have the highest preservation potential 

Scenario 2: Sediment supply > relative sea level rise (or fall)
· Coast expands seaward

· Depositional regression
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Sedimentary structures:

· Estuarine sequence
· Holocene Holland Tidal Basin

· In-shore tidal basin

· Rapid sea level rise

· No direct land-derived sediment; sediment supplied from shoreface

· Mixed sediment load
· Lateral migration of estuarine channels onto adjacent mudflats:

· Coarsening upward sequence

· Lateral migration of channels and shoals within the estuary:[image: image97.jpg]Pit floor




· Fining upward sequence

Flood tidal deltas:

· Radial expansion into lagoon

· Sand avalanches down the delta front

· Wedge-shape in longitudinal cross section
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Washover fan:

· Upper flow regime waning to lower flow regime:

· Upward change from:

· Parallel laminated sand (upper flow) to

· In-phase ripple lamination (lower flow)

· Carbonate coasts
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Conditions of occurrence:

· Clear water

· Warm water, limited temperature fluctuations

· Shallow water, within photic zone











Abu Dhabi
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Coastal types:

· Mainland and barrier island bioclastic coasts

· Reef coasts
· [image: image102.png]


Fringing reef coasts
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Barrier reef coasts

· Atoll reef coasts
· Ocurrence:

· Grow around shield volcanoes in oceans

· After cessation volcanic activity: erosion

·  Volcanic island shrinks in size & submerges

· Reef grows upward, central lagoon surrounded by ring-shaped reef
Zonation carbonate reef coasts:


[image: image4]
Sea level change & reef development:

· Reef-forming organisms live in the photic zone of sea

· Relative rise of sea level: reef grows upward to stay within photic zone (aggradation)

· Relative fall of sea level: emerged part of reef dies and karstifies

· Stable sea level: reef expands seaward (progradation)

Reef response to eustatic sea level fluctuation
:

Porosity
: 

· Dolomitisation: Diagenetic change of calcite by partial replacement of Ca2+ ions by Mg2+ ions:

· 2CaCO3 + Mg2+ ( CaMg(CO3)2 + Ca2+ 

· [image: image104.png]


Volume dolomite < calcite caused by smaller ion-size Mg

· If dolomitisation is complete the porosity increase is 13%
· Its origin has two models:

· Hypersaline brine model:

· Evaporation ( gypsum precipitation (CaSO4 . 2H2O)

· Leads to Ca2+ depletion and increase Mg/Ca ratio

· Leads to increase of Mg concentration

· Heavy brine reflux and calcite replacement by dolomite

· [image: image105.png]


Mixing or dorag model
:

· Mg cations in competition with other cations

· Mix of phreatic sea water and rainwater leads to dilution

· Relative increase of Mg: dolomite forms

Reefs on seismic

Carbonate blooms on a geological timescale. 
[image: image106.png]
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Carbonate producers in geological time:

Reef build-up in geological time:
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· Marine:

· [image: image109.png]


Shelf

A shelf is the part of the sea bordered by:

· The wave base

· The shelf break (usually at 100-200 m water depth)
Shelf types:

· Marginal (= peri-continental): Shelf bordered by land on one side, and the deep sea on the other side

· Epiric (= epi-continental): Shelf bordered by land on several sides

Factors that influence shelf sedimentation:

· Shape of the shelf

· Type and intensity of the hydraulic regime

· Amount and type of sediment supply

· Sea level fluctuations

· Climate 

· Interaction sediment - fauna
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Chemical factors

The shape of the shelf depends on:

· Wide shelf: large sediment storage capacity (large accommodation space). Trailing (passive) margins

· Narrow shelf: low sediment storage capacity (small accommodation space). Active margins

Plate margins








( ( (
Hydraulic regine:
· [image: image111.png]


World wide circulation patterns caused by  temperature and salinity gradients
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Tidal forces caused by gravity fields sun and moon

· Meteorological currents
· Ocean currents (spiral eddies) expand onto shelf ( currents

· Wave dominated shelf: seasonal fluctuation of wave height and current strength ( sediment transport only during storms
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Tide dominated shelf: strong bi-directional bottom currents ( active sand transport, large bedforms

· Ocean current dominated shelf: strong uni-directional currents

Amount of sediment supply:

· Relict sediment: Non-reworked sediment that was deposited on the shelf as fluvial or coastal sediment in a previous sea level lowstand phase

· Palimpsest sediment: Reworked fluvial or coastal sediment from a previous sea level lowstand phase

· Modern sediment: Sediment that was recently added to the shelf:

· clay and silt (suspension from rivers, etc.)

· sand (coastal source, seaward transport during storms)

Sea level fluctuations:

· Influence the shelf accommodation space

· Influence the type of sediment supply:

· Low sea level: coarser sediment

· High sea level : finer sediment

· [image: image114.jpg]


Sediment supply:
Sea level highstand: coarse sediment 
trapped in estuaries, only fine-grained suspended sediment on shelf

· Sea level lowstand: shelf is (partly) exposed, 
coarse sediment is transported onto the shelf by rivers
Tide dominated shelf:

·  > 150 cm/s: furrows and gravel waves. Scour hollows up to 150 km long, 5 km wide, 150 m deep

· ( 100 cm/s: sand ribbons. Longitudinal ridges parallel to flow. Up to 15 km long, 200 m wide, 1 m high

· ~ 90 cm/s: barchan-like bedforms

· ~ 75-65 cm/s: sand waves. Straight-crested large bedforms, crest perpendicular to flow. 3-15 m high, wave length 150-500 m
Example of a sand wave:
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[image: image5]
Eocene Brussel sands 

· Fossil example of shallow-marine linear sand body deposits


          ( ( (
· Deep marine sands

Deep marine sands are “sands” that have moved down slope from the shelf and continental rise under the influence of gravity (gravity flows)
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Occurrence:



Morphology: 
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Slope failure: 
Relation bathymetry – fan shape:

· Syn-sedimentary tectonics

· Salt diapirism

· Batholiths

· Positive relief by previous fans

Transport and deposition of deep marine sediments: [image: image119.png]Polar view
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Definitions:

· Slide

· Coherent mass with preserved internal organization

· [image: image121.jpg]


Slump

· Coherent mass, but plastic deformation of internal structure

· Debris flow

· Incoherent mass: internal organization destroyed
· Plastic flow

· Sediment & water fully mixed

· Cohesive strength of matrix is main clast-support mechanism

· [image: image122.jpg]


Buoyancy
Grain flow:

· Plastic flow

· Non-cohesive mobility from inter-granular collisions which create ‘dispersive pressure’

· Best developed in well-sorted sand and gravel
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Liquefied flow:

· Metastable grain packing texture disturbed, hence:

· Closer grain packing creates excess pore fluid

· Fluid escape, hence texture disturbed, and sediment-water mixture behaves as rheological fluid

· On slope: flow

· Freezing

[image: image124.jpg]



· [image: image125.jpg]


Turbidity current

· Newtonian fluid with sediment in suspension
· Suspension of sediment

· Sustained by fluid turbulence
[image: image126.jpg]


Bouma sequence:
· e: Pelagic and hemipelagic mud

· d: Laminated silt (lower flow regime)

· c: Cross-laminated sand (lower flow regime) 

· b: Parallel laminated sands (upper flow regime)

· a: Massive sand and granules (upper flow regime)

· Scoured base with tool marks, flutes, etc.

[image: image127.wmf]
Submarine fan model

· Slope: feeder channel

· Inner fan

· [image: image128.wmf]Channel fill deposits

· Incised channels

· Middle fan

· Bifurcating, multiple channels

· Channel-levee complexes

· Outer fan

· Mounded lobes

· Autocyclic channel avulsion and lobe shifting   
Mutti & Ricci Lucchi (1972)
· Basin plain

· Fine-grained sheet turbidites
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Compulsary reading: Galloway, W.E. and Hobday, D.K. 1996 Terrigeneous clastic depositional systems. Second Edition. Springer-Verlag, Berlin, 186-206
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· Pelagic






washover
Subenvironments: examples of a barrier island

Sedimentary facies: each sedimentary environment has its own set of sedimentary characteristics. In combination, the set of facies and characteristics defines the sedimentary environment.

· geology

· lithology

· sedimentary structures

· palaeo-flow patterns

· fossil contents

Sequence: vertical succession of a sedimentary facies. (Think of in sequence of time)

Walters Law of Facies (1894): Facies occurring in vertical contact with eachother must be the product of spatially neighboring environments and that facies occurring in a sequence comfortably above one another were formed in laterally adjacent environments. 

Cyclic sequence: a repeating vertical succession of sedimentary facies.

· Auto-cyclicity: Rythmic repetition of facies caused by a repetition of sedimentary processes within the depositional environment

· Allo-cyclicity: Rythmic repetition of facies caused by external factors (e.g. tectonics, climate)

Facies analysis: 

· Observation: Facies analysis
· Interpretation: Reconstruction of depositional environment

· Prediction: Spatial distribution

[image: image130.jpg]


Methods of facies analysis: 

· Geometry: 
· Topography during deposition

· Post depositional development

· Lens

· Shoestring

· Fan

· Sheet

· Wedge

· Lithology: composition of the sediment

· Limestone: Lithology linked to depositional environment. Classification is based on fossil contents.

· Sandstone: Lithology reflection  of transport processes. SAnalysis of grain size, sequences, mineralogy.

· Sedimentary structures: 

· Pre-depositional: Structures form by erosional processes in early stages of deposition. (Channel erosion, sole marks)

· Syn-depositional: Formed during deposition: indicative of energy (ripples).

· Post-depositional: deformation after deposition.

Pre-depositional.

Channel erosion: The size and shape of the erosion are a measure for river size and flow energy. Flow direction can be measured from orientation of the erosional scour.

Sole marks: form when the upper part of a clay bed is scoured by a water current or object, and the scour is subsequently filled with sand. When filled, the original depression forms a ridge below the sand bed surface (= cast, afgietsel)


Types of sole marks: groove casts, flute casts, bounce marks.

[image: image8.jpg]
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Groove casts: elongate grooves that are created when an object is dragged across the surface of a muddy substrate. The tool scours out a groove along the top of the bed, which is later filled ion with coarser sediment. Shape is used to determine palaeoflow orientation.

Flute casts:  eddies formed by turbulent flow scour in muddy surface. Irregular depressions with a pointy upstream end that merges into the bed surface. Crescent marks: crescent shaped depression by flow around an object resting on the muddy surface. (They have a pebble at the heart) Shape is used to determine palaeoflow direction.
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Bounce marks: form when a tool bounces across a muddy substrate and creates a small depression that is later filled in with coarser sediment. Gives an indication of palaeoflow orientation.
Syn-depositional.

Structures are formed by moving sediment. Wind & water are the transporting elements. Sediment transported in suspension or along the surface. Surface transport depends on:
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Grain size

· Flow strength

They are transported as:

· No bed forms

· Ripples (up to 4 cm height)

· Megaripples (height > 4 cm)
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Straight crested mega-ripples with

 tabular cross bedding
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Sinusoidal ripples









Linguoid ripples

Post depositional structures.
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Slump: 
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Palaeo-current distribution: Indication of current direction based on dip measurement of sedimentary structures. Steps are: Measurement, statistical processing, interpretation, regional trend map.

· Fossils:

The main question is is whether the fossil is in situ or transported & if the living environment of the fossil was the same as that of recent descendants (do actualistic principles apply?)
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(Micro) body fossils: Skeletons shells or plant remains.
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Trace fossils: Imprints of plants or animals (e.g. burrows, crawling traces).

Helmintoides

 scolicia
      dino footprint

· Cores:
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Core analysis: 

· Limitation: core is narrow (10 cm)

· Geometry: correlation?

· Vertical grain size sequences

· Sedimentary structures

· Fossil contents

· Wireline logs: interpretation of the lithology and structures.

· [image: image147.png]
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Gamma ray log. 

(U, Th, K)
Limitations:

Mica, glauconite, zircon, low readings if caved in.

· Dipmeter log
.
· FMI log.
[image: image149.png]An Overview of Thermohaline Circulation

Zones where deep s Zomes where inter- pwel
I ot watots I modiate waters form I Maor WHENING20MeS. siou paitom
Form and Sink 0 Sink. —» Deep contour curent current





[image: image150.jpg]



[image: image11]

 SHAPE  \* MERGEFORMAT 
[image: image12]
Compulsary reading Introduction
[image: image13.png]



flow





Schlumberger Well Service (1992)
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