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PROCESS REPOSITS
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Mass Wasting
Slow-flow (not perceptible)
Creep:

» Creep is an extremely slow movement, almost
imperceptible down slope of soil creep, rock
creep (glacier), debris creep (talus).




FIGUIRE 10.4
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Solifluction:

= Solifluction is a regolith creep, common in
polar regions, where groundwater in the pore
spaces of soil & rock is permanently frozen
(permafrost layer).

» During spring and early summer, the ground
surface begins to thaw down hill because the
melt water cannot percolate pass the
impermeable permafrost layer.

= It is not confined in a channel leaving ground
patterns (stone rings, stone nets, stone stripes,
earth hummocks, block-fields)




10.6

Hom is 4 major type of mass movement in
ke regions and in some high mountains. In
ew.of a hill in Alaska, the water-saturared
1 moves slowly downslope fike a viscous Jig-

Rapid-flow (perceptible)
Fall:

= Rock falls: include the free fall of a single
fragment ranging from a small grain to huge
block.

» Debris falls: overtime, great quantities of
small to moderate grain size fragments
shower down from the face of a cliff and
accumulate at the base as talus (clasts rolling,
move short distant)




BIGURE 10.10

The Frank rockfall, Alberta, Canada, involved a huge mass of rock that broke away from the
mountain face completely burying the mining rowa of Frank, Alberta, Among the factors that
contributed to this slope failure were the steepness of the mountain front, the dip of the
bedding planes parallel to the mounmin face, and undetlying weak shale and coal beds. Mining
activity may have triggered the movement.

Landslide:

* True landslide block move as a unit
(coherent mass) or series of units (without
internal flow & without backward rotation)
along a well defined slip page fracture plane
(discrete shear plane).

* The block leaves behind a groove or scar.

» Debris avalanche is debris slide in narrow
track, like snow avalanche near arctic area

®* (Slump: the unit mass movement have

internal flow/ overturned folds & reversed
faults?)
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FIGURE 10.9

Landslides occur affong rather well-defined slip-
page surfaces. Large blocks will stamp and rotate
downstope and many will grade into debris flows
at their lower margins, The photograph shows the
upper part of a landslide in California where
homes were displaced along the curved rupture
surface of the shamp block.

Sub-aqueous mass movements:
» They are effect large areas of the seafloor.

» They are active near deltas and convergent
continental margins, where sediment
accumulates rapidly and slopes are steep.

» They are include sliding, slumping, flow and
turbidity current.




Flow:

® Flows are generally occur during intense
rainfall and begin on steep hill slopes as soil
slumps that soon liquefy and flow at speed as
great as 50 km/hr.

. ! .
® Debris flow: Mixture of rock fragment, mud
and water that flow as viscous fluids.

® Farth flow: Water saturated earth material, Not
confined in a channel, Humid area

Mud flow: Water saturated rock debris,
Confined in a channel, Arid area
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FIGURE 10.8

Mudflows typically originate on steep slopes where there is an abundance of unconsolidated
shale, volcanic ash, or thick regolith. They commonly mobilize during periods of high precipi-
tation and spread out in the valley, forming a large fan, or lobe. These mudflows in the Wasatch
Mountains, Utah, resulted from a period of heavy rain in 1983, More than 90 mudflows

occurred along the Wasarch frone during a period of two months.
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Subsidence:

= Subsidence is downward movement of earth
material lying at/near the surface.

» The primary force producing subsidence is
gravity but before gravity can act other
processes must operated to create space such
as dissolution of rock by ground water,
burning coal in the subsurface, isolated block
of glacial ice loading or lava tubes.




Waves
Origin
»Wind generated waves provide most of the

energy for erosion, transportation and
deposition of sediment.

Morphology
Water-wave can be described in the
terms of wave-length, wave-crest,
wave-trough and wave-period.
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Motion
Water-wave move in a circular orbit with a
diameter equal to the wave height. The
diameter decreasing with depth and dies out at a
depth equal to about half of the wavelength
(wave-base).
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Breaker

" As waves approaches shallow water, the wave-
length decreases but wave-crest increases due to
frictional drag as wave base encounters the sea
floor.

=Finally, the wave-crest extends beyond the
support of column orbiting water and breaks. All
of the water in the column moves forward,
releasing its energy as a wall of turbulent surf
know as a breaker.

= After a breaker collapses the swash flow up
dissipates against the beach slope and flow down
as backwash.

10



Breaker (Surf)
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Wave refraction

" Wave refraction concentrates energy on headlands
and disperses it across bays
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Long-shore drift

»As wave advance obliquely to the shore,
sediment lifted by the swash is moved up in the
direction of wave’s advance. The backwash then
carries the sediment down the beach at a right
angle to the shoreline.

=This action is repeated by each successive
wave and transports the sediment along the coast
in a zigzag pattern with net transport parallel to
the shore. This process is known as beach drift.

" A similar process known as long-shore current,
develops in the breaker zone.

"Thus, long shore movement occurs in two
zones. One is along upper limit of wave action
(beach drift) the other is in the breaker zone
(long-shore current).

*Both beach drift and long-shore current
combined action work together, which is know
as long-shore drift.
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Erosion along shoreline
Principal features

"Erosion along shoreline results from the
abrasive action of sand and gravel moved by
the waves and currents with a lesser extent of
solution and hydraulic action.

*The undercutting action of waves and currents
produces notch, sea cliff and wave cut
platform.

»Minor erosion associated with the
development of sea cliffs include sea-caves,
sea-arches and sea-stacks.
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Evolution of a shoreline

=]nitial stage: (cliff)

mSea level rise (Melting of glaciers)

®Tectonic (Uplift or subsidence of land)

mExpansion and contraction of the sea
sIntermediated stage: (platform)

mSea caves, Sea arches, Sea stacks

nLate stage: (beaches)
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Deposition along shoreline

sSediment transported along shoreline may
came form river, headland/cliff erosion and
shell debris.

n]t is deposited in areas of low wave energy
and produces beaches, spits, tombolos and
barrier islands.

mBeach It is a shore built of unconsolidated
sediment.

=Spits A straight shoreline beach can grow far
out across the bays or estuaries. It may extend
completely across the bay forming a bay-
mouth bar.

*Tombolos Beach deposit can also grow
outward and connected the shore with an
offshore island.

»Barrier island A long sprit grows parallel to
the shoreline. They are separated from the
main land by a lagoon and most barrier islands
are cut by tidal inlets.
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Reef

»Most reefs form a unique of shoreline feature
and occur in warm tropical latitude 30N-30S,
under water condition Clear, Warm, Shallow

(<76 m).
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Reef types

sFringe reef: It is attached to mainland such as
volcanic island

»Barrier reef: It is separated from mainland by
lagoon

w Atoll: It is circular reef enclosing a shallow
lagoon

»Platform reef: It is isolated oval patches on
the continental shelf
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Tidal
» Tidal are produced by the gravitationa)

attraction of the moon and the centrify
of the earth-moon system. gal force

They effect shoreline in two major ways (1) b
initiating a rise and fall of the water leyg| (% ’
by generating tidal current. )

Most shorelines in the world, the sea ag
. . 2 AYs
and retreats twice in a day. ances

NOHTNE GG ¥ 43S

Tsunamis \_1

Sea floor movement by earthquakes, volcanic
eruptions or submarine landslides frequengty
produces tsunami, which has a long waye.
length & travel across ocean at high speeq.

As the tsunami approaches shore, its waye.
length decreases and wave-crest increaseg
which can be dangerous agent for destructjop
Tsunami differs from wind-wave in that |

energy is transferred to the water from a geq
floor disruption. ™" "

Frpure X620
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RIVER SYSTEM

sStream valleys created by stream erosion are
abundant and significant landform on the
continents.

»A typical river can be divided into 3 segments
*A collecting system
A transporting system
A dispersing system

Digperging
Syaters

FIGURE 11.1

The major parts of a river system are characterized by different geologic processes. The
rributaries in the headwaters constiture a subsyster that colleets water and sediraent and fan-
nels them ingo a main trunk stream, Brosion is dominant in this headwater area. The main trunk
steeatn s a gransporting subsystem. Foth erosion and depasition can occur in this area. The
lower end of the river is a dispersing subsystem, where most sediment is deposited in a delts or
an afluvial fary, and water is dispersed into the ocean, Deposition s the donrinane process in this
pare of the river.




"

aCollecting system consisting network of
tributaries (dendritic/tree like) in the headwater
region collects of water and sediment to the main
stream.

sTransporting system is the main trunk stream,
which functions as a channel-way through which
water and sediment move from the collecting area
toward the ocean.

sDispersing system consists of network of
distributaries at the mouth of a river, where water
and sediment are dispersed into an ocean, a lake
or a dry basin such as delta, alluvial fan etc.

FIGURE 11.2

The characteristics of a river change systemati-
cally downstream. The gradient decreases down-
stream, and the channel becomes larger. Other
downstream changes include an increase in the vol-
ume of water and an increase in the size of the
valley through which the stream flows.




- wFactors influencing the flow of water
*Discharge (Climate control)
*Gradient/Slope (Tectonic control)
*Velocity

*Sediment load

*Base level

mDischarge is the amount of water passing a
given point during a specific interval of time.

s The water comes from both surface runoff water
and seepage of ground water.

nlt varies from season to season with fluctuations
of longer climatic cycle.

nGradient/Slope is steepest in the head valley
(head channel) and decreases down-slope.

sThe stream profile is concave upward curve that
becomes very flat at the lower end of the stream.

mVelocity is not uniform throughout the stream
channel.

nlt is usually greatest near the center of the
channel and above the deepest part, away from
the frictional drag of the channel wall and floor.

mAs the channel curves, the zone of maximum
velocity shifts to the outside of the bend while the
zone of minimum velocity forms on the inside of
the curve.




FIGURE 11.8
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sSediment load is the material transported by the

river.

mFine particles are moved down stream in

suspension-load while large particles collect on
the channel floor, are moved in bed-load/traction-

load (sliding, rolling and saltation).

mBed-load movement is one of the major tools of
stream erosion as they abrade the bottom and side

of stream channel.

mln addition some soluble material are moved in

dissolved load.
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.+ Rolling
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FIGURE 11.3

Movement of the bedload in a stream is accomplished in a variety of ways. Particles thar are
too large to remain in suspension are moved by sliding, ‘rolling, and saltation, Increases in
discharge, bocause of heavy rainfall or spring snowmelt, can flush out all of the koose sand and
gravel, so that the bedrock is eroded by abrasion,

nBed level is the lowest level to which the stream
can erode.

nThe final base level for all practical purposes, is
sea level, but local base levels may occur such as
tributary cannot erode lower than the level of the
main stream or lake.

mEquilibrium: The increased slope across the
stream profile greatly increases the stream’s
velocity, so that rapid erosion occurs and the
waterfall/rapid migrates upstream.




aThe additional erosion material, therefore
deposits part of it load at that point, thus building
up the channel gradient until a new stream profile
of equilibrium (neither erosion nor sedimentation)
is established.
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CLASTIC RESERVOIR
Non-marine reservoir

@Alluvial fan: braided streams (temporary /
ephemeral). Sand is high energy deposited.

@Fluvial: braided & meandering streams
(permanent / perennial). Sand is progressively
finer and more water worked deposited.

@Desert: meandering stream (temporary /
ephemeral), acolian, playa lake. Sand is non-
aqueous deposited.

@Lacustrine: great variety facies. Sand is many
type deposited. |

Atluvial far

Dunes

|
Organic
(2]




Non-marine indicator

#Tectonic setting: Non-marines are often overlie
or between major unconformities. (also in rift,
sag, strike-slip basin etc.)

Fossils: Vertebrates, gastropod, insect, rootlet
and exposed surface structures

Associated Facies: Non-marine facies are often
lateral & vertical variation as seismic shows
discontinuous reflections. Upland are often
reddish color due to oxidizing above water table
while lowland are often drab color due to
reducing below water table. (except lacustrine?)

(G} Delbwic depusivs in the Grand CGanyon, Arizeua. (I3 Altwvied fan depesits, Rocky Mosntains.

depusits, Centrad Utad,




SEDIMENTARY STRUCTURE

@& Selley (1970), structures “unlike lithology and
fossils are undoubtedly generated in place and
can never have been brought in from outside”.

& The structures concern with the organization of
deposition including the internal, external and
deformdtion of bed.

&Base on time

@Pre-deposition (erosion surface)
#Syn-deposition (during deposition)
@Post-deposition (diagenetic often chemical)

iBase on process

@Physical (ripple mark, tool mark, convolute etc)
&Chemical (dissolution, concretion etc)

@Biological (burrow, track, trail, foot-print etc)
)Base on location

iExternal structure (bed shape, bed boundary)
@Internal structure (internal organization of bed)




Relationship of structures and well logging
Base on location (External structure)

@1. Bed shape
@Bed thickness:

Bed (¢m) thickness and grain size is related

and decreases in the direction of flow. V-
Thin (1) Thin (10) Medium (30) Thick (100)

V-Thick

Laminations (mm) are either the indication of

very fast deposition or minor fluctuation
condition at sea floor. (1) Thin (3) Medium

(10) Thick (30)
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Fig. 24. (a) Terminology for thickness of beds and
laminae (modified after Ingram, 1954, and Campbell,
1967, in Reineck & Singh, 1975 ), (b} Terens for descrip-
tion of beds with internal structures {fram Blat et ol.,
1980).

t 17,

Fig. 227, Variation of bed thickness as illustrated by a
GEODIP* display.
* Mark of Schlumberger




 Bedding planes:

« Campbell (1967) defined bedding planes as:
= Non-deposition (no thickness)
= Rapid change in condition (var. in energy)
m Erésion surface (limited lateral extension)

 He also defined the bedding planes as
even/uniform or wavy or curve. (Fig. 2-10)
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Fig, 2-8. Vory fine beds detected by HDT ton], showing
wavy bedding.




Lateral extension of beds:

@The more bed thickness, numerous bed with

parallel bedding planes thus the more lateral
extension of the bed.
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Fig. 2-16. Example of numerous beds with good consist-
ency of dips suggesting lateral extensi
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&2. Bed boundaries

The transition from one layer to another can
either be abrupt/gradual boundary.

@Abrupt boundaries are clearly defined and
agree with bedding planes.

Conformable boundary: break without change
the sequence (parallel bedding plane)

@Unconformable boundary: break with change the
sequence (erosion bedding plane)

Gradual boundaries are not clearly defined
and agree with a sequence which is either
grain size or mineral or both.

DIPS CORRELATIONS
RESISTIVITY
CURVES

CORE
DESCRIPTION

Mharevmt grades




8Top of bedding plane
BClimate (mud crack, rain pit)
@Current (erosion mark, ripple mark)

@Organic marking (track, trail, burrow, rootlet,
foot impression etc.)

sWithin bedding plane
sParting, lineation

rganic marking (track, trail, burrow, rootlet,
foot impression etc.)

ottom of bedding plane
yClimate (load cast)
urrent (scour mark, tool mark)

3Organic marking (track, trail, burrow, rootlet,
foot impression etc.) ‘

Base on location (Internal structure)
@Massive bed:

@Resistivity appears to be no variation.

@A bed can be homogeneous (i.e. without any
resistivity variation due to textural change or
sedimentary features).

@This corresponds to a constant condition of
sedimentation without stratification either
absence of ripples or bioturbation.
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Fig. 2-19. Example of homogeneous beds.

1, °

aminated bed.
@Resistivity appears to be noisy

bed can be finely layered and therefore
with stratifications either parallel, oblique/
cross bedded

ince lamination is too thin to be detected by
each electrode, the amplitude of deflection is
weak, so the event is rarely correlates and the
resistivity appears to be noisy.
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BGraded bed:

BAbrupt contact in difference grain size will
shows abrupt change in resistivity.

iThere are two types of grain size profile
fining up or coarsening up.

ining up is generally underlined by an
abrupt contact at the base and the coarse
sands on the base are less resistive than the
silt or shale at the top.
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Fig, 226, Example of a gerneral firting wynvard sequerncs
starting with a grain-supported conglomeraie.

*
‘-ﬂ

mbricated bed:

lose pebbles will show close peaks of
resistivity where isolated pebbles will show
isolated peak of resistivity.

ach pebble may be larger than the
electrodes so shape peak of resistivity varies
with the proportions of the pebble and total
absence of correlation between them.

¥When the pebbles touch each other (grain
support) the peaks are very close, where the
pebbles are isolated (mud support) the peaks
are isolated.
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DEPTH {1}

RESISTVITY CURVES

CORE DESCRIPTION

LITHOLOGY SEGUENKE

3560

f
|

CONGLOMERATES

COARBENING
UPWARD

Fig. 2-27. Example of a mud-supported conglomerate.

|

SRALE

&Deformation of bed
@Primary structures at the time of deposition

caused by current velocity and gravity flow
(load cast, convolute bed, slumping etc.).

Environment and sand structure

Environment Characteristic Orientation
Braid...confine Dip large spread One & large scatter
(Bar) Trough Slope & // current

Meandering...confine
(Point bar)

Dip large spread One & severe scatter
Trough Slope & L current

Eolian...open
(Dune)

Dip consistent One & little scatter
Tabular (L angle at base) No Slope & L current

12



Delta...confine Dip moderate spread One & moderate scatter
(Distr. channel) Tabular (H angle at base) L coastline
Delta...open Dip moderate spread One & moderate scatter
(Distr. mouth bar) Tabular (L angle at base) // long-shore current
Beach & Bar...open Dip - One or 180*
(Distr. mouth bar) Tabular (L angle at base) Slope & // coastline
1

Estuarine...confine  Dip - 180* & scatter
Tidal channel Tabular (H angle at base) L coastline
Shelf...open Dip - Poly or Random

Tabular (L angle at base) -
Turbidite...open Dip -  One

Tabular or absent Slope & // current

Note Orientation = One or 180* direction
Confine area: high angle; Open area: low angle
Low angle...10*...Moderated angle...20*.. High angle
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SEQUENCE STRATIGRAPHY

By
. Assistant professor
Thara Lekuthai
1 January 2007

SEQUENCE STRATIGRAPHY

mObjective: To predict occurrence & distribution
of petroleum system in sedimentary basin.

sMethod: Difference Area, Difference Geology,
and Difference Seismic (Acquisition, Process/
Display, Interpretation)

aThere are four major variables that control the
variations in strata patterns & lithofacies
distributions within sedimentary rocks




*Tectonic (uplift/ subsidence = control space
for sedimentation): Basin volume (sea floor
spreading, basin fill)

*Eustasy (up/ down = control strata pattern &
lithofacies distribution): Water volume
(glacial, continental water, water expansion)

*Sedimentary supply (control water depth):
Tectonic (LST = progradation; TST = retro-
gradation; HST = aggradation)

*Climate (control type of sediments): Eustasy
(Wet -> clastic; Dry -> evaporation/ carbonate)

=Relative sea level change = Eustasy — Tectonic

mRelative sea level change is defined as an
apparent rise/ fall of sea level with respect to the
land surface (local datum).

sSedimentary supply > Relative sea level rise =
Marine regression

sSedimentary supply < Relative sea level rise =
Marine transgression

sSedimentary supply = Relative sea level rise =
Marine stationary




Global sea level, which refers only to the
position of the sea surface with reference
to a fixed datum
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sEustasy and tectonic produces a relative sea
level change and space for sedimentation.

sShort term eustasy superimposed on longer term
tectonic.

»A unique relation between the rate of relative
sea level change and deposition processes.

sRelative sea level change curve is subdivided
into a number of time intervals.

mSystems tracts represent the rocks deposited
within these time intervals.

mA sequence is interpreted to be deposited during
a cycle of the relative sea level change curve
starting and ending in the vicinity of the
inflection points on the falling limbs of the sea
level curve.

mSequence boundary (SB): The upper SB is
characterized by top lap & erosional truncation
while the lower SB is characterized by on lap &
down lap.




Truncation

Toplap

Downlap Onlap

Downlap
After Octavian Cataneany, 2002

Downlap

Systems tracts
mThere are four systems tracts:
*Low-stand systems tracts (LST)
*Transgressive systems tracts (TST)
*High-stand systems tracts (HST)
*Shelf margin wedge systems tracts (SMW)




SEQUENCE BOUNDARY

finoding wrfi Maximum Flooding Surface
i ¢

fundal or estuarine
gandstones in incised valleys

soastal-plain sandstones
| and mudstones

Transgressive Surface e
shallow-matine sandstones Sequence Boundary

shelf mudstanes

SEOUENCE STRATIGRAPHY DEPOSITIONAL MODSR.
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Clastic Sequence Stratigraphic Hierarchies
Sequence Boundary

Accomodation less
than sediment supply

Progradation below $B

Accomodation greater
than sediment supply

Retrogradation

Accomodation below
sediment surface

Clastic Sequence Stratigraphic Hierarchies

mfs

| IMPORTANT BOUNDARY
TST SURFACES

8B - Sequence Boundary
TS - Transgressive Surface




- <Sequence Boundary

Accomodation less
than sediment supply

Progradation below 5B

<mfs
Accomodation greater

than sediment supply
Retrogradation

<TS

Accomodation below
ssdimenrsurfaae

——

incision in SB & §ll below TY

. <Sequence Boundary

Low-stand systems tracts (LST)

wSB1: There are deposited basin-ward on the
previous shelf edge & overlie SB1 (eustatic fall >
| subsidence = larger exposed)

sLST: Posamentier and Allen (1999) defined LST
as Lower LST (LLSF) = basin-floor fan, slope fan,
and Upper LST (LSW) = often filling incised
valleys that cut down into the HST.




*Basin-floor fan: Siliciclastic bypasses the
shelf and slope through the valleys and
canyons to feed the basin-floor fan. Hunt &
Tucker (1992) show down-lap of basin-floor
fan and express as the end of a base level fall.

*Slopt fan: They overlie the basin-floor fan
and are down-lapped by the overlying LSW.

*Low-stand wedge: They are on-lap the shelf
edge slope and down-lap on the slope fans.

sClimate is cold, dry, intense physical weathering
providing high sedimentary supply in deep sea.

mLess organic productivity & less faunal diversity
in shallow sea.

Three case of strata patterns:
Shelf edge case, Ramp case, and Growth fault case

REGIONAL PLATFORM/RAMP

SIGMOIYOBLIAUE PROGRADATION

ww;;\
SIGMOID AGGRADATION M\:
“%C‘\\\\
A FORESLOPES ~ &7 ——
v i

EE—

e REGIONAL PROGRADED BANK
m—%\

R

R \\ -
Iy FORESLOPE
\\ ANGLES 8357
—— -

SIGMOIO 7O OBLIOUE = T TR
PROGRADATION e e
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sShelf edge case: (LSF, LSW)

*Low-stand basin floor fans are compose of
deep marine mounds made up of massive
sands/carbonate debris deposited as
lobes/gchannels.

«Low-stand slope fans are made up of mass
flows and turbidite channel/over-bank deposits

*Low-stand wedges are shallowing upward
low-stand deltas/terraces that prograde basin-
ward and pinch out land-ward.

*Incised valley fills are made up of sediments
that fill previously cut valleys.

sRamp case:

*Lower low-stand wedges are interval that
pinches out basin-ward and is the most basin
restricted unit.

*Upper low-stand wedges are on lap the lower
wedge and pinches out in the vicinity of the
shoreline break above the lower wedge.

*Low-stand incised valley fills
aGrowth fault case:

*Low-stand sediments are thick section of
inerbedded sands and marine shales deposited
on the downside of the growth fault

*Low-stand incised valley fills

11
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Transgressive systems tracts (TST)

sUpper TST: There are on-lap at the base and
thicken up-ward.

slLower TST: Due to sediment starvation, there
are thinning up-ward.

sTransgressive surface (TS): The lower boundary
of first flooding surface above the LSW and often
characterized by consolidated muds of firm-
grounds/ carbonate cementation of hard-grounds.

mOrganic shale usually occur close to the base of
transgressive sequence.

aln high sediment supply, TS will mark
aggradation and on-lap that thicken land-ward.

aIn low sediment supply, TS will merge land-
ward with the maximum flooding surface (mfs).

12



High-stand systems tracts (HST)
sThere are made up of three parts:

«Early high-stand is characterized by up-ward
& out-ward building sigmoid progradation.
(Catch up/ slow rate of accumulation)

«Late fligh-stand progradation is characterized
by out-ward building oblique progradation.
(Keep up/ rapid rate of accumulation)

Late high-stand sub-aerial is characterized by
sediments deposited above the sea level.
(Rapid progradation may causes top-lap
unconformity)

nClimatic condition is warm, wet, intense
chemical weathering providing low sedimentary
supply in deep sea.

mHigh organic productivity & high faunal
diversity in shallow sea.

mUpper HST is on-laps on the SB and Lower HST
is down-laps on the mfs (maximum flooding
surface).

13
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Shelf margin wedge systems tracts (SMW)
ult is characterized by progradation & aggrading
wedge.

ults lower boundary is a conformable sequence
boundary and its upper boundary is TS.

ult is overlies Type Il sequence boundary (SB2):
eustatic fall < subsidence = smaller exposed

Lst Sequence Stratigraphic Hierarchies

<Sequence Boundary
Accomodation less
than sediment supply

Progradation under 8B, Basin
Starvation beyond Shelf Break

<mfs
Accomuodstion greater

than sediment supply Retrogradation

Above TS

oW

<TS

Accomodation b

14



Lst Sequence Stratigraphic Hierarchies

- <Sequence Boundary
Accomodation jess R
than sediment supply Pm)ga’adatfcn( below §8

) Basin Starvation & Give Up

<mfs e
Accomodation greater Retrogradation &
than sediment supply Cateh Up above TS

<TS

Accomodation below
shei b k

Progradation above SB

Chyistapher Kended! 2003

<Sequence Boun

Type T lowstand
Erasion and shumping of Shut-dowen of carbonate —
foreslope pmduﬁiﬁggna;ginai production on shelf Relative sea-level curve
intraciastic fanfagiron
1 sequence boundary
Emergent shelf subjected

- karstification and metsarie

Basin starved of periplatform

carboriates sands and muds

Type 1 Lowstand (carbonates)

{nfer: Buoyle et al, 1998, Unlocking the carbonate depositional model
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Transgression

Relative ses-level curve

Sabkha may devalop on shelf
during show sea level rise

Srarkup’ 1o Cateboup’ secinentation

hagradation of shelf
Late transgression - during transgression
ite fra 5
peniplatforen carbobiaties
dapositad i basin

Transgressive surface:

condensed section in basin

Transgressive Systems Tract (carbonates)

| {after:Doyie et ak, 1998, Unlocking the carbonate depositional model)

A

Highstard

.

Relative sea-lovel curve

Sabkha may develop on shelf
during slow sea level rise

‘Keep-up sedimentation

FeSpquence boundary

Cieposition of periplatform
carbonate sands and muds ]
in baginTransgressive surface: |

condensed section in basin * Maximum fiooding surface
o il

flowding surface

Highstand Systems Tract (carbonates)

(after: Doyle-ot 3, 1998, Uniocking the-cadbonate depositional mocdal
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Type 2 lowstand

-

Carborate production Relative sea-level curve

confined to shelf edge

Miror deposton periplatform
carhonates basin

wedge progrades
seguence boundary geprog

Type 2 Lowstand (carbonates)

{after: Doyle ot o, YO, Untocking the carbonate depasitional model) '
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SEISMIC STRATIGRAPHY
INTERPRETATION PROCEDURE

sSeismic sequence analysis

It defines the genetic reflection packages
referred to as seismic sequences and seismic
systems tracts by identifying discontinuities.

*On-lap, down-lap termination pattern occur
above the discontinuities.

*Top-lap occur termination pattern below the
discontinuities.

nWell log sequence analysis

*Interpretation lithofacies on wire-line logs
using cores and cuttings to calibrated the log.

*Following this, we estimate sequences and
systems tracts from the interpretation
lithofacies.

*We cross check the estimate sequences and
systems tracts with biostratigraphy time
correlation and global cycle correlation.

sSysthetic, well to seismic ties

*Tie the well-log depth to seismic time by
synthetic seismogram.

18
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sSeismic facies analysis

*Its purpose is to determine all variation of
seismic parameters within seismic sequences
and systems tracts in order to determine
lithofacies and fluid type changes.

*The seismic parameters are amplitude,
frequehcy, continuity and interval velocity.

mDepositional environment and lithofacies

*Its purpose is to determine seismic facies
parameters with the regional geology.

sSeismic modeling

*Its purpose is to determine statlgraphy and
fluid composition, geologic cross section, and
reflection pattern. |

sFinal interpretation

19



AEOLIAN ENVIROMENT

Definition




e

sEquilibrium: Aeolian is in a state of deposition
equilibrium between sedimentation and erosion.

=»When wind blows: Dust (silt & clay) is carried

i sand dunes i the Sabura Desert, Africa, (. McKee) (B) Ancient dune deposits in Zicn National Park,

divection are thus formerd.

312 The eolian {wind) environment. Wind is & very scale cross-strata that dip in o downwir
Silt and dust ave Fiftest high in the air and Ancient dune deposits are characterized by large-scale crnssestiata
nds of kitometers before being depo consisting of wellsorted, welb-rounded sand grams. The most sigr
L winnowed out and transported close o the surface cant ancient wind deposits are sandstones that accurnulated in fge
ally accamulates in duoes. Graval cannot be moved ef- dune fiekds comparable ks the prosent Sabera sud Avablan d
Dy wind. A major process in an eolian sectimentary envi- andd the great desents of Australia. These sands st deposits
5 the migration of sand dunes. Sand s blown up and of chean sand thay preserve,  an uusual degnw, the fargescale

e dunes and accainulites on the steep dune faces, Large- crogs-hediding developed by migrating dunes.

~



Lithology

sDune:

15% Rocky Plateaus 70% Gravetl Piains

(Flat deflatigh surface)

15% Sand Dunes

i

“»



@Composition

@Sand Typical sand dunes are made up of proto-
quartzite to quartzite sands (quartz grain > 85%)
anfd¢onsid O nre sediment. 7
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Migration of the duna

-

e

i

8.5  Cross-bedding is formed by the migration of sand rents, travel up and dver the sand wave and are deposited o g
¢ (ripple marks or dunes). Particles of sediment, carried by cur- downeurrent face to form indlined fayers.

3

Paleontology

sBarren fossil: Rare vertebrate remains, non-marine
mollusks, crustaceans and arthropods
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o —————

sGR: Saw toothed blocky shape, it is caused
by mica at the base with low dip angle of new
dune that abruptly truncate the fore-sets.
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=High radioactive clay, dolomite, gypsum,
anhydrite are common in inter-dune (wadi,
sabkha) or bottom set.
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Petroleum aspect

sHeterogeneous reservoir:

»Toe-set plane introduce significant permeability
heterogeneity. Moreover, cementation is also
influenced these heterogeneity and, result in
differential porosity/ permeability preservation.
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In general, subsurface dunes are sheet-

sSheet-like

like geometry, associate with unconformities and

lack of good internal reflectors.
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ALLUVIAL FAN ENVIRONMENT
Definition
Outlet of upland valley:

@A continental environment characterized by
coarse sediments, shaped like an open fan/cone,
deposited by an emerging mountain stream at the
outlet of a narrow upland valley upon an alluvial
plain. (fig.1-2)

'Where the outlet has taken place along margins of
marine, called fan delta.

Where the outlet is in arid/semi arid regions,
formed by debris, commonly as a result of
extensive sheet flood, called Bajada (Spanish, drop)

Figure 1232 Attuvial fans form in arid

Tegions where a stream enters a dry basin
and deposiis its load of seciment. This fan
s in Death Valley, California,




[ @Syntectonic:

@They are often referred as syntectonic deposits,
being generated by rapid uplifting.
@Rapid erosion supplies coarse detritus and

deposits of debris flow, sheet-floods, stream
channels and sieve deposits.

&F anglomerate is the rock term for the most
diagnostic of coarsest grains in proximal fan.

@They are juxtaposed with older, highly deformed
basement.

#0I1d alluvial fans: are preserved in Late Paleozoic
— Early Mesozoic and Late Mesozoic — Mid
Tertiary age. These represent times of significant
tectonic activity throughout the world.

Fig. 5.2-1. dlhavial fans in the Mohave desert, California.
Bach cone-shaped fun has been deposited where the slope
changes abruptly at the base of the mountains {phote by
SR Balstey, U8, Geological Survey, in Press & Stever,
1978

Fig. 3.2-2. Examples of coarsening wpward ( Devoniun
afuvial fan cycle in the Hornelen Basin, Norway from
Steel et al., 1977), and fining wpward ( Devonian, western

Norway, from Nilsen, 1969}, showing cyclie deposition.




Lithology

iFanglomerate (some very large fragments)
Channel sand, conglomerate

&Thin shale layers (mud flows may occasionally
spread clay over parts of the fan)

Rapid vertical and lateral changes
Common red beds
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Lithology
@Alluvial fan sediment is a combination of

- Landslide of debris & mud flow (rock
fragments & mud?)

- Braided stream channel flow (conglomerate)
- Shegt flooding (sand, silt)

&Proximal fan, is very steep gradient and high
discharge produces unsorted sediments.

#Mid fan, where braided channel flow begins,
more gravel beds alternate with cross-bedded sands.

Distal fan, the proportion of sand increases, and
the shallow cut and fill of braided channel deposits
predominated.

PROXIMAL-DISTAL FACIES VARIATIONS
{c) SCHEMATIC MODEL

Sands

L
:,"gﬁqﬁ; Gravels

Pebris flows

_____







$Composition

®Rock fragment/ Conglomerate?: Alluvial fan
deposits are essentially composed of rock fragment.

@Immature Sand: It is immature sediment range
from arkoses to graywackes.

@Film Clay Clay occurs as films around sand
grains o as partial filling in the inter-granular void.

&Matrix Sand/ Clay: Sand or clay are filled the
inter-granular void of conglomerate.

Tread of {obe, finer materiat

Front of lobe,
coarser
# material

Initiatl channet I —

T,

profile .
WMMQO%

Farn surface

Depositional lobe bealow

\i‘n\tirsaction point

Channel profile

_,_.._,__.N%

Fig - 3.2-5. Schematic sketch of a sieve lobe (from Hooke,
1967 )},




[ Texture
$Size: gravel are majority, sand/silt are minority

@Size decreases from proximal to distal fan (fig.4).
Except sieve deposits near the intersection point,
where water is unable of further transport, coarse
material can accumulate and act as sieves holding
back finer material. (fig.5)

hape: range from angular to very well round.
Sorted: in proximal fan,

sMatrix-supported conglomerates (ephemeral/dry)
with higher clay content are characteristic of debris
flow. (fig.7) ‘

sGrain supported conglomerates (perennial/wet)
are characteristic of stream channel flow. (fig.6)

BAATRIN SUPRPORTED

T Fig, 5.2-6. Ixarrnple of grain-supported conglormerate.
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GRAIN SUPRPORTYTED

Figr. 5.2-7. Exarmple of miatrix-supported corglornterate.
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Structure

&Structure will be concentrated in channel, where
current action is most dominant.

""""" @Various scale of cross-bedding and imbricate
pebbles, gre the most commonly found.

""" &Trough cross-bedded conglomerate (grain-
supported) are the major structure while tabular
cross-bedded conglomerate, trough & tabular cross-
bedded sand are the minor structure. (fig.8)

3 HMOBIZONTAL AMD

ﬂlilm!"l"hﬂﬁ? l*%iiﬂ
— ,ml

= mm-., Wﬂ
R ..Hllliﬂﬂl“"!ﬂtwﬂ I gl“

l L.}] MUDELOW DEPOSITS,  [linnol SAND, PEBBLY SAND,
UNSTRATIFIED S| GRAMULES, STRATIFED

EE22] GRAVEL LAYERS GRAVELS,
i AND LEMSES Q“QU IVIBRICATED

Fig. 5.2-8. Characteristic sedirnerntary structures #

| alluvial fan (from Blissenbach, 1954; in Spearing, 1971).




Paleontology

@More common spores, pollen, often oxidized
@Rare vertebrated bones, plant debris
Paleontology

@As the result of sudden burial due to flooding

Microfossils, such as spores and pollen, have a
better chance of being incorporated.

@Macrofossils are relatively rare however some
vertebrate bones and plant fragments may exist.

@Percolating groundwater within the fan has a
strong chance to oxidized, acidic, dissolved and
altered these fossils.

Geometry

Fan shaped in plan view
'Wedge shaped in radial profile

‘Concave upward in transverse profile

#Often lense-shaped in subsurface

e intersection Point

e o S T

= — - Distal Eacte‘%:l
S -may Be playa, lake, Hiood ig’lg%n. dune.
MIDFAN FANBASE DISTAL FACIES

== =
FANHEAD

Fig. 5.2-10. Schematic cross-sections in an alluvial fan
(from Spearing, 1971).
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Figr. 5.2-9, IXiseribrtiorr af veriones ryixes of sedirrierits e
rher Xrodtfreirn callievial foarr (Frome Ffooke, 1867 ).

‘-h

Geometry

an/cone-shape of long narrow body, extending
radial down slope from fan apex. (fig.9) Concave
upward in radial profile, convex-upward in

~ transverse profile. (fig.10)

#Semi-arid climate (small fan) Debris flow
(muddy) with high discharge but shot duration

Humid climate (large fan) Perennial stream flow
in low stream gradient

#Glacier climate (steep gradient fan) High level of
spring run-off causing sediment transport

11



s photograph an alluvial fanin Death i front. The fault scarps are obviously younger than the part of the fan

veral faults expressed as low cliffs close fo the mountain ~ they cut, indicating a tectonic event after deposition

Associated facies
@Fault generated mountain fronts

Mountain stream valley

@Alluvial plains (braided stream)
®Playa lakes and aeolian facies

bLasgoon raaring

Lirnastone

enmerats g Cerat
IateisiCalel-¥
FIGURE 6.11
Interprotation of ancient sedi v envire ts hased on sedimentary rocks and their

vertical and tareral relationships. The major sedimentacy environmaats are shown on the top of
the diagram: al fans, river sysvems, delias, lagoons, bacriee bars, and shallow smarine. "The
rack SeOpEan spglomerate, sandstone, coal, shale and Hmestone re shown on the sides
of the diagram. They were formed in g vertical sequence ay each. envirorment sbifred. back: and
forth as the sea expanded and contracred with time.
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Associated facies

@Rapid vertical and lateral change, commonly red
bed. It may inter-finger up-slope with talus deposits
and down-slope with alluvial plain or less common
playas lake, sea and aeolian facies.

@Boundaries: An irregular erosion lower boundary
is present and gradational contact toward the top.

@Sequence, fundamentally, fining upward but
coarsening upward may present if tectonic uplifts
occur. In cases where the fan is situated on the
down-thrown side of an active fault, great thickness
of sediment may accumulate. -

®Rhythmic of several sequences can be observed.

13



[ Core

@Upper fan:

@Coarse grained (conglomerate?)

@Poor sorting

@Angular

&Immature

&Lower fan:

@Finer grained (sand?)

&Cross stratified/ flat bedded channel sandstone

associated with thin shale (mud flow), sand-silt bed
(sheet flood) and gravel layer.

Wire line log
®Upper fan: Massive conglomerate shows
Monotonous GR/SP/R curve & Random Dip

®Lower fan: Alternation of sand and conglomerate
- show Saw-tooth GR/SP/R & Green Dip (low angle)

®Immature sediment: Th & K content are M-H
@Pb vs. In points: Fall between sand & shale line

®Grain supported conglomerates: High R with low
amplitude and Random Dip

@Matrix-supported conglomerates: Isolated R with
high amplitude (several shale layers)

®Acolian sand: Green Dip (high angle)

——— e




32

2200

Fig. 5.2-12. Typical log responses in an alluvial fan
deposit as shown by this composite-log. Logs reflect a

certain heterogeneity contirmdng orn a thick irterval.
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— Petroleum aspect

@&Not good reservoir: They are not good reservoir
but often serve as an important indicator of tectonic
setting and source area composition.

@Proximal fan: Best porosity and permeability are
usually confined to the proximal area. Further away
from the proximal the grain sizes and fairly well
sorted gravel are usually decrease down slope.

@Fan delta: To date, there are only a few, clear-cut
examples of petroleum fields producing from
terrestrial fans. However, fan deltas are productive
in N-Texas and S-Oklahoma.

Seismic

@Discontinuous: Alluvial fan typically shows
discontinuous internal reflectors. This should be
expected given the great lateral and vertical
variation in lithology.

&Distorted geometry: Further more the concave
upward geometry often subdued in the subsurface,
due to post-depositional compaction and tectonic
tilting.

16



BRAIDED STREAM ENVIRONMENT
Definition

mLow sinuosity: A continental deposits resulting
from a river system of an interlaced network of
low sinuosity channels.

mSteep slope: They form on relative high slope,
low discharge with large amount of coarse
sediments and make many shallow channels, bars
with no separate floodplain. Braided stream often
begin on the alluvial fan itself.

mCommon: In Late Paleozoic and Mid Mesozoic —
Early Tertiary, when tectonic activity was
extensive over large regions of arid or semi-arid.

FIGURE 11.20
A braided stream pattern cornmonty resules it a
tver is supplied with more sedimenc than it can
warry. Deposition occurs, causing the river ro de-
welop noew channcls. (U.S. Departrnent of Agricul-
srere, ASCS Westerrs Acrial Photo I.ab., Sait L.ake
City, [ltak.)




Figure 12.25 A braided stream patterr
corrymonly resules if a viver is supplied with
more sediment than it can carcy. Depasition
pocurs, causing the river to develop vwew
channels.




Lithology
aUp to 90% of gravelly/ pebbly sandstone
» Highly variable grain sizes

4-1. Aerial phorograph of a hraided striam choked
[ with erosional debris, near the edge of a melting glacier Fig. 5.4-2a. Theoretical vertical cross-section in braided
6 Photo by B. Washburn, in Press & Siever, 1978). river deposits (from Selley, 1976).

Lithology

mGravelly sandstone: A homogeneous section of up
t0 90 % is cross-bedded gravelly sandstone with
diverse range of grain sizes.

mLow discharge: The overall discharge is low
compared to the supply of sediment and sporadic
punctuation ranging from no water to flooding
discharge.

mStacked channels: Flooding will quickly overflow
the old shallow channels, during this time; new
channels will be cut and fill. Thus, sequences are
commonly comprised of multiple, stacked channels.

mPreservation: Preservation of this environment
requires a region of subsidence.




Composition

mImmature Gravel & Sand: It is composed of
immature gravel and sand, range from lithic
arenites to lithic wackes.

mCommon: Common minerals are quartz/feldspar
pebble, mica with absent of glauconite and rare
carbonaceous however, shale pebble and reworked
clay-ironstone concretion may also present.

mMinor: Minor amounts of silt are found and
correspond to abandoned channel deposits.




e

Texture
mSand/Shale > 1: Up to 90% of gravelly/ pebbly
sandstone
mChannel: Fining up, poor sorting near the base to
moderate sorting at the top with low sphericity is
observed.'
SCOTT YYPE DONJEX TYPE PLATYE TYPE BLOU CREEK TYPE
G"‘ minor " m m
254 sty ’ chianne\ 26 i
N =Rl R T
| bar-adge j * uperimpose
20 ?Sand wudg,zo+ ;“:?;M | o] zoﬂk ‘ : :opo; cvs;:ss d
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| \ | =
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. i::’:"wszl . % =
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Fig.54.2. (b} Four braided river depositional profiles { Miall, 1977 ;.
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Structure
mTable 5.4-1 summarizes braided deposits

mFlood plain?: Soft sediment deformation due to
rapid changes in water level, are common and

- results in convoluted (de-watering), recumbent or
collapse cross bedding.

mBar?: Abundant tabular/ trough cross bedding
commonly one direction are observed. The bedding
may be either massive/ graded.

mChannel floor?: Beds trend to be lenticular sand
with erosion scour, track and trail.
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Paleontology
mSudden flooding:

mSome plant and animal debris may have settled on
the immediate alluvial plain. They are often highly
oxidized red, orange or yellow color by varying
amounts of ferric iron.

mSome burrow and rootlet horizons may be
preserved in shale layers but commonly barren.
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"(i}eometry
mSheet like/ wedge:

mBraided stream migrate laterally leaving thick
sheet like or wedge of channel and bar complexes
cover large area preserving only minor amounts of
floodplain.

mNot well developed vertical succession because:

mRapid shifting channels erode any vertical
succession.

mBraided tract is commonly wide zone so flood
plain are less common.

mlt is generally bed load. However vegetated
islands may accumulate peat.

s

e _ISLAND OR VEGETATED BAR
23 SAND DEPOSITION

e IN ACTIVE BRAIDED
R CHANNEL

MUD DEPOSITION
i ABANDONELF

. CHANNEL

2z Fosod
PR e R
* g - ¢ BAR. VR wiLitw, SSUSEWASHIR . ) SOICE % A XN DRI
Lot e ] e et e wEGEED ‘?*’4

S——

Fig. 5.4-5. Composite model of « braided river deposit
(from Williams & Rust, 1969).
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"-—('}eomorphology:

sChannel is divided into several small channels
which meet and re-divide during low flow but often
submerged during high flow.

mBars are present in 3 types: the major (95%) is
longitudinal with minor transverse & point bars.

mVegetated Island are the most permanent features
within a braided system. Root or carbonaceous
material can be evidences.

Associated facies
mUpper: alluvial fan

mL.ower: meandering streams, alluvial plains,
acolian dunes, playa lakes, sabkha, and possible
transition to marine delta

mBoundaries: lower contact of the sand is erosion
and upper contact is also frequently abrupt.

10



Fig. 546, Rlack: diagram of a braided sandy system with g, 5.4-7. Aeriad distribution of a braided systerm st
Jow sinuosity channels. Vertical accretion coan oeeur dur- hierarchicad  organization of channels and bavs  {fim

ing flood stage (from Wealker, 1969 ), Adlen, 19653,

BENOAD CHAsNEL

mmmmmm

SUSPENDED LOAD CHANKEL | MIXED LOGD CHARNEL

segments [ from Gatloway, T9771.

mSequences: fining up

(Top)
mUnit 4 F-Sd + Mud.. .horizontal/ convolute bed
(Abandoned channel)

mUnit 3 F-Sd...small-ripple bed
(Recent abandoned channel)

mUnit 2 M-Sd...mega-ripple cross bed (trough/
tabular) (Migrated channel bars)

mUnit 1 C-Sd + Gravel...large cross bed (trough)
with imbricate pebble & erosion base (no bedding)

(Channel floor?)
(Bottom)

11



LEDIT 4.

LINIT 3

UMIT 2

LIMIT 1

g SIS B GYCLE

Fig. 5.4-3. Schematic vertical sequence of a braided river
deposit. Unit 1 large scale cross-bedding with pebbles.
Unit 2. mediwm sand megaripple bedding. Unit 3: fine
sand small ripple bedding. Unit 4. fine sand and mud
horizontal bedding, occasional convolute bedding (from
Reineck & Singh, 1975, based on data of Doeglas, 1962).

3

Core

mlt can be either a homogenous of coarse, cross
bedding and gravelly sandstone or diverse range of
grain sizes and sedimentary structures.

mIndividual sequence begin with erosion base and is
overlain by fining upward of grain sizes and
sedimentary structures.

12
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[ Wire line log

uBlocky shape: Grain size variation is often blocky
(C) GR/SP with occasional spikes (F).

mUpper: thin laminations
-Middl‘e: massive with few resistive peaks
mLower: start with an abrupt erosion surface

mImmature: High K confirms feldspar and high Th
confirms heavy radioactive mineral both indicating
immature sediment.

mStacking channels: Dipmeter within each channel,
azimuth & angle are clustered into separate group

mPaleo-current: Usually remain within 90*

z
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ISR

Petroleum aspect

mThey are good to excellent reservoir potential
because of large sheet of sand geometry.

mIntercommunication between individual channels
is excellent due to 90% coarse grain size.

aldeal reservoir is normally capped by major
unconformity and top up by marine transgression.

mPercolation of acid meteoric water may destroying
primary porosity by mineral precipitation or may
enhancing it through dissolution.

AL - SO N L G Y o eoccrrygrler of " er Bvcricdadd  river  S3SEEIEE
| Trorr A Fricer s Fr  cwarr  Fser prarcrprre ol FEorry CFEECXEIIFE
L Fhsprlexys.
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Fig. S.u4-18. Dstailed sedimentary fintures observed on one sequence of the braided river systern lustrated by Fig. 5.4-17.

Seismic

mTransparent reflection: Due to homogeneity,
Braided stream deposits do not often show internal
reflections.

uContinuous reflection: If the facies is thick
enough, certain large scale depositional changes
will generate continuous reflections.
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LACUSTRINE ENVIROMENT
sDefinition
s]acustrine/Inland seas:

slakes that have occupied continental basins can be
considered as small inland seas, hence better be
considered as a facies group (marginal & central).

sDistinguishing lacustrine from marine facies:
sTectonic setting as rift can be a strong evident.

sFossils but reworking of non-marine fossil in
marine facies is common.

mAssociated facies but may confused with marine
transgression |

p——

Significant Oil
ovinces:

rdsgtydtd X7 General Levalle




——

sLithology

sFactors: influence sedimentation, paleontology,
and composition of lake deposits

«Climate (precipitation) paleo-latitude/ climate
*Tectonjc relief (local slope)

«Water salinity

*Source area (rock type)

aClimate (humid): perennial lake
*Tectonic (high relief):
*marginal = delta (w/fluvial), beach (clastic sand)
ecentral = mud
*Tectonic (low relief):

*marginal = peat swamp (or carbonate mud flat),
beach (skeleton sand)

*central = mud (or marl)




e

sClimate (arid): ephemeral lake
«Tectonic (high relief):
emarginal = alluvial fan (w/braided), dune
scentral = evaporite (or reddish silt)
*Tectonic (low relief):
-marginal = carbonate mud flat
scentral = evaporite

sLamination: Lacustrine sediments are often more
laminated and contain better preserved plant debris
than marine setting (except lagoon).

| mDelta: They may be form deltas at river mouths,
which turbidity currents transport sediment into the
basin center, creating sub-aqueous fans.

mSensitive to climate: Their hydrological status or

| lake-water chemistry can be determined from the
terrigeneous clastic versus chemical & biochemical
sedimentation in the lake.

. wPreservation: Preservation results from sediment
filling in the original lake will demonstrates an
overall regressive sequence.

*Humid

*margin: coarser (delta, beach, swamp)
*basin: finer (shale)

*Arid

*margin: coarser (alluvial fan, dune)
*basin: finer (evaporite)

' ————




| sClosed lake:
sTectonic: Closed lakes commonly form in the
centers of the continental (sag, rift, pull apart basin).

aClimate: They are dominated by detrital sediments
and where, discharge is negligible they are
dominated by chemical/ biochemical sediments.

sWater level: Closed lakes such as Dead Sea lake,
Great Salt lake and Eyre lake are smaller size, more
saline and less animal species comparing to the past
as a result of climatic fluctuations (water level).

(b} PERENNIAL SALINE LAKE BASIN

Bicherms, stromatolites,

onoolds } Fringing

aAliuvial fans
h

Ve
lr):{a!m%vas carbonalz muds, \ : :
silts and sands with desiceation N N N Pelagic, carbonate-karogen Supratitora! carbonats muds, :
cracks and growth of salts E:jgfrg&sbgsgg:‘n‘g faminites and bedded salts sifts and sands with degiceation

cracks and growth of salis

(¢} EPHEMERAL SALT PAN BASIN
) s Badded salts
wt salt pan
i

Dey mudtial Ailuviz!ﬂ fan
Fig. 7.1 ideatized depositional envicomments and facies in lacuswine sysiems, (a) Open frestovater ke with
through deainage; (0) Hydrotogioally closed perennial sait lake: ) Hydmologioally closed epboroeral salt peae. After
Bugster ang Kelts {19833, modificd from Allen and Collinsrg (19865,

Saling rusdiiat




[ Allen and Collinson, 1986
sCentral facies:
sPerennial salt?:

nOil shale representing the remain of algae and marl
input from fringing mud-flats.

sLaminated carbonate-gypsum caused by seasonal
changes in water chemistry.

sEphemeral salt?:
sEvaporite precipitated from concentrated lake.




| Restricted
Lacustrine
Basin

T TOHDEALE

o

sMarginal facies:
mPerennial salt?:

wSiliciclastic sandstones deposited in small beach
zones close to river entry points.

sStromatolitic limestone and oolitic-pisolitic grain-
stones promoted by algal activities.

sEphemeral salt?:
sLaminated limestone with desiccation cracks.
sGypsum marls with nodular sabkha-like gypsum.
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r:Opened lake

sTectonic: Hydrological status of opened lake may
change completely over a short period of time.

«Climate: Opened lake, often show seasonal
variation in both thickness and composition of
individual layers.

sWater level: Climate fluctuation effects water level
in opened lake with a smaller amplitude than in

closed lake, so facies are commonly less finely
interbedded.

(a) IOPEN FRESHWATER LAKE

Palagic, bioturbated cashionale
e sits and muds {oxygenated)

[

2

Litoral bioturbated, carbonate e I
{eharophytic) sandi. ils and muds Sikciciasto B etes

kY -
Pelagic, carbonate-keropen iaminites Minfrmuimm lake level defta
alternating with turbitiites (anoxic)
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aOff-shore facies:
sPerennial fresh?:

sL.aminated layers of clastic (mud), organic and
. carbonate deposited below the thermocline of
stratified lake.

sThin graded bedding of silt and mud derived from
turbidity current.




sNear-shore facies:
sPerennial fresh?:

»Sandstones deposited in beach zones (with ripple
~marks), channel fill or mouth bars (with cross bed).

nCoals & silts deposited in inter-distributary bays or
swamps.

sBioherms including stromatolites
»Coated grain of oncoids, pisoids and ooids.
»Chalks are in marl or throughout the littoral zone.
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Alluvial sands (7).

From Crawford el al,, 1985

sStructure

mDiversity of structures: Because of the range of
lacustrine facies, a corresponding diversity of
sedimentary structure exists for lake deposits.
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—
sPaleontology

sNon-marine fossils: In general non-marine fossils
and lack of marine fossils together indicate the
probability of lacustrine.

sCommon fossils: Common fossils found in lake
bottom mud/ lower zone (Hypolimnian = dark, cold
& anoxic) have likelihood been transported from
near shore areas by turbidity currents or have settled
from the upper zone (Epilimnion = light, warm &
well oxigenated). |

nCommon fossils:

wCentral: aquatic vertebrates, planktonic/ benthic
algae, mollusks and some species of ostracods.

mMarginal: greater diversity of bivalves, gastropods,
diatoms, various forms of algae, aquatic & terrestrial
vertebrates, plans, spores and pollen.

12



sGeometry

mDiversity of geometry: Because of the range of
lacustrine facies, a coresponding diversity of
geometry exists for lake deposits.

mAssociated facies
1

sRegressive sequence: As the result of regression
sequence, fine-bedded basin shale/silt should be
succeeded by delta, fluvial/swamp deposits in a
humid environment, and evaporitic, fine grained
sediment should be overlain by coarser, braided
streams/ alluvial fans.

Kitchen |

PIRARA RIYER

KARANAMBO #1
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sWire-line logs
sBecause of the range of lacustrine facies, a

coresponding diversity of wire line log exists for
lake deposits.

sSeismic

A
sBecause of the range of lacustrine facies, a
coresponding diversity of seismic exists for lake
deposits.

uPetroleum aspect
sSource & Reservoir:

sln general lacustrine deposits, which have formed
in humid climate, have the best chance to become
petroleum source shale in lake centers and up dip
stratigraphic trap at lake marginal sands.

»Shale in lake center contain largely of algal/ type I
kerogen, while lake margin contain largely of coal
in swamps/ type I1I kerogen.

Lacustrine oils in general often tend to be waxy,
low in sulphur, and of high gas to oil ratio.

15



sStratified: Permanent lakes are usually stratified,
with upper (epilimnion) & lower (hypolimnion).
mEpilimnion includes the photic zone, warm and

oxygenated. Phytoplankton live here and provide the
base for food chains.

sHypolimnion is dark zone, cool and anoxic/
reducing. Organic fall out from the epilimnion
settles in the lake floor mud.
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MEANDERING STREAM ENVIRONMENT
Definition

»High sinuosity: A continental environment

FIGURE 11.17

The major features of a floodplain include meanders, point bars, oxbow lakes, nataral levees,
backswamps, and yazoo sireams. A stream flowing around a meander bend erodes the outside
curve and deposits sediment on the inside curve 1o form a point bar. The meander bend mi-
grates laterally and is ulimately cur off, to form an oxbow lake. Natural levees build up the
banks of the stream, and backswamps develop on the lower surfaces of the floodplain. Yazoo
streams have difficulty entering the main stream because of the high natural levees and thus
flow paralle] to it for considerable distances before becoming tributarics. Slope retrear contin-
ues te widen the low valley, which is pardy filled with river sediment.
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Flood plain







() Potnt-bar deposils in a modern rver,

Figure 510 The fluvial envirorment, The great rivers of the
world are the major channels by which erosional debris is trans-
ported fron the coniinents to the oceans. Before reaching the
ocean, most rivers meander across flat alluvial plains and deposit
4 considerable amount of sediment. Within this environment,

(B) Ancient streatn channel in central Utah.

sedimentation occurs i strearn chanaels, on bars, and on flood-
plains. Perbiaps the most significant type of sedimentation ecours o
on the jusides of meander bends (see Figue 12,223, Stream dée
posits are characterized by channels of sand or gravel cul tnto hork
Tayers of silf and mud.

Fig. 5.5-1. derial photograph of meander bed and
79

4

Hovdplain of the A River a fow miles above
Duranga, Colorady {from Shelton, 1966).
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ehannel
Seqinne
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fHaad plain
deposits
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+ Chanoul floar

Fig, 5.5-2. Generalizved section &
in a meandering system in I
A and south Wedey (from Sefley, 19781,
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Table 5.8-1, Fhysical characteristics of fluvial
or valle v-fill model. Line weight iy suggestive
LN <D TR
of abruprness of transition between wunits
{adapied from Visher, 1965 ).
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sFore set:

=Fore set in point bar is dipping to the channel axis
or thalweg. These are termed epsilon cross beds.
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Fig. 5.5-4. Vertical sequence of coarse-grained point bar
deposits, showing various bedding features. Four units
can are distinguished: Unit 1 our pool deposit; wit &
- lower point bar dep it 3 - chute bar, deposit: wil
4 - flood plain deposit (from McGowen & Garner, 1970 ).

Paleontology
»Diversity: vertebrates, plant remains, non-marine

mollusks, gastropod shells, abundant spores, pollen,
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= Vertical succession: Flood plain

= After the lateral succession, it is continues with
vertical succession (silt/mud) indicating flood stage.

Core

=Reservoir continuity:
»Sand/Shzle (Sand = point bar; Shale = flood plain)
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Wire line log

*Bell shape: Usually, point bars (sand) are
surrounded by over-bank flood plain (shale). GR/SP
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SARABAND rendt display.

Fig. 35-14. Three meandering channels as they can be
recognized from o SARABAND result display. »

Fig. 3.5-13. GEODIP display on the same inrerval shown
i Fig. 5.5-12, and s interpretation in lerms of fuctes,
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»Paleo-current: Current direction will change as
much 180*-270* between locations. Therefore
limited predictions can be made on one well
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Fi. 3.5-9. Generalized depositional moded, vepresemative
verticel sequences, and idealized S.P. log profiles through
laterally acereting (A and svmmetrically-filling channel
segments (B of an anastomosed channel system (from
Calloway & Hobday, 1983).
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=Spectrum GR: radioactivity depends on chemical
immaturity fsp & mica
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Petroleum aspect
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DELTA ENVIRONMENT
Definition

»Transition: A transition environment
characterized by sediments that have been
transported to the end of a channel by a current of
continental water and deposited mostly sub-
aqueous but partly sub-aerial at the margin of the
standing water into lake, sea or ocean.

*Geomorphology of delta is depend on the
interplay between river factors (sediment load,
climate) and basin factors (wave, tide).

»Where basin energy is low = River dominate
-Where basin energy is strong = Marine dominate

mRiver dominate:

»Distributary channel can be build out into the sea
without coastal erosion. However, distributary
mouth bars sand may be reworked into barrier
island bars by marine processes.

»Surround these channels are fine grained bay fill,
often containing coarsening up of crevasse sand.




S

»Marine (wave, tidal) dominate:

*Winnowing of fine grained material by waves,
currents, and tidal current creates a variety of
channel sand deposits over the entire delta plain
(or along the shoreline), in the form of barrier
island bars, tidal channels, and tidal sand sheets.
«Wave dominate: Sediment delivered to the sea is
deposited into curved ridges at the delta front and
prograde slowly due to the destructive nature of

waves. Sand trends are generally parallel to shore and
some is redistributed along the shore as beaches, spits.

Tidal dominate: Effective tidal channels cut deep into
the coastline with associated tidal sand ridges or
shoals elongated in the same direction of tidal flow.
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Fig. 5.6-1. Aeriad photograph of ihe meodern Mississippi
river delta { Photo from NASA, exiracted from Friedman
& Saniders, 1978).
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Fig. 5.6-2. Theoretival vertical cross-sections i the three
types of deltas (from Walker, 1979},

Sub-environment
"Delta plain

flood plain)

"]t is sub-aerial, which comprises active and
abandoned channels separated by shallow water.

xUpper delta plain (high energy)

»Distributary channel (braided/ meandering),
levee, point bar, and lacustrine (inter-distributary

wLower delta plain (low energy)

[nter-distributary bay, levee, marsh, crevasse
splay and abandoned channels. Distributary mouth
bar may be reworked into barrier islands




FAARINE DEPOSITS «

Fig. 5.6-7. Blockdiagram showing subenviroranents and
facies relationship of . a river-dominated elongate delta
(from Colerman & Prior, 1980).

»Delta front

»Delta front is high-energy area where the
sediments are constantly reworked by tidal
currents, long-shore currents, and wave_action.

=It is includes delta front sheet sands, distributary
mouth bar, tidal range and shoreline.

]t is represented by a coarsening up sequence,
from fine grained pro-delta into coarser grained
shoreline facies. On the top of delta front may be
truncated by distributary channel.
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Fig. 5.6-11. The “constructional” phase of the delta cycle
(from Scruton, 1960).

=Pro-delta

"Pro-delta is lying between delta front and marine
shelf below the effective of wave erosion, which
slope gently down to basin floor.




Classification

»The distribution, orientation and internal
geometry of deltaic deposits are controlled by a

variety of factors.

.Sediment load, Climate (river factor)

Coastal process, Relative SL change (basin factor)

*To accommodate this factors, the deltas will be

classified into three types
River dominated delta
-Wave dominated delta
Tidal dominated delta

Table 5.6-1. Factors influencing deltaic sedimentation
{from Morgan, 1970},

Table 5.6-2, Characterisiics of deltuic depositional
sequences (from Galloway, 1975},
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Fig. 5.6-3. Triongular classification of delivic depositionad
sequences {completed from Galloway, 1975,

Fg. 3.6-4. Major process controly on river ypstems {from
Coleman & Prior, 1980), "

»Lithology

»Channel sands

=} to M sand

»Moderate to well sorted

*Fining up

»Mouth bar sands

»Proximal: Clean, well sorted, C to F sand
»Distal: Coarsening up of clay, silt, F sand
»Fan delta

»Fan plain: Poor sorted, C sand & gravel often
highly arkosic

=Distal: Well sorted, Coarsening up of marine
limestone/pro-delta shale, sand & gravel




FIGURE 11.22

Distributaries develop where a stream enrers 3
lake ar the sea. A bar forms at the mmooth of a river
channel where water that was previously crandined
o the channel loses velocity, resulting in deposi-
rion as the stream enters the ocean. Subagueous
savural fevees also form below water level, The bar
then diverts the water coming from the main
stroamn o rwo distributary channels, which grow
‘seaward. This process is repeared, forming branch-
ing disgriburaries

Natural

- NAtal levee ™ Javae
levan Subaguecus Subaguedus)
tevee loves

(A} A small delta formed in the Great Bear Lake, Cavada.

nels, and lakes. Because deltas are large features and include ba
y of odb
minate.

Figure 5,14 The delta environment. One of the most signifi-
cant ersvironpends of sedisentation occurs where the majpr arine and norgnaring subsnvIoNments, a great varie
sivers of the world enter the oceans and deposit most-of thiir ment types accuimulate in them, Sand, silt, and mud-do
nment can be very deaitaic deposit can be recognized only after comsiderable study

sediment v marine deltas, A delta e
large, covering areas of more than 36,000 km?, Commeonly, the sizes and shapes of the various rock bodies and their relation
deitas are very complex and involve various distinct subenvi- ships to each other, Both marine anid nonmarine fossils can be'gg

such as beaches, bars, lagoons, swamps, steeam chane served in a delta,

roRgent




sLithology
sComposition

»Good maturity of siliciclastic deposits is
dominant lithofacies.

»Common Coal bed/fragment, frequent Mica and
lenses of heavy minerals are present. (continent)

»Shell debris + thin limestone and may be
Glauconite/Phosphate are present. (marine)

»Thin layer of evaporite may be present. (arid)
sTexture

=Grain size is mainly is sand to clay with rare
conglomerate.

»Sorting and roundness 18 moderate to well.
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sStructures

»Channel sand

=Contorted bedding and ripple formations

"Planar bedding

»Trough/tabular cross-bedding

=Scour base

*Mouth bar sand

=Proximal: small scale cross lamination and ripple

sDistal: small scour & fill, small scale cross
lamination, graded sand |

»Fan delta
»Proximal: un-bedded (fanglomerate)

*Mid fan: trough/tabular cross-bedding with
occasional planar bedding

*Delta front: parallel lamination to massive
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=Paleontology

»Channel sands

"Burrows

=Organic plant debris

=Faunal femains usually absent
*Mouth bar sands

" Abundant microfossils in pro-delta clays at base
with minor bioturbation (both microfossils &
bioturbation decreasing upward)

»Proximal: laminations of organic debris
»Distal: small burrows and shell remains

=Fan delta

»Fan plain: rare vertebrate bones, plant debris
"Delta front: shall fragments

*Pro-delta: microfossils (marine or fresh water)

11



sGeometry

»Channel sands

»Linear, straight to sinuous
»10-30 m. thick and 1-5 km. wide
=Mouth bar sands

»Elongate in seaward directin with river
dominated delta; arcuate - cuspate with wave
dominated delta

*Up to 130 m thick and 10 m wide

Agtmath
Gepin frequince dip Fasly
Littadogy  aide plaz  argge fretatbent
1

=

ABANDUNED DISTRIBUTARY

52325888

’\ .
Sanad body Isopach map, ap fﬁ

Fig. 5.6-38. Summary diagrams illustrating the major
characteristics of abandoned distributary deposits (from
Coleman & Prior, 1982).
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Fig. 5.6-39. Summmary diagrams illustrating the major
characteristics of the distributarv-mouth bar deposits
(from Coleman & Pripr, 1982).

=FFan delta

»Overall fan shaped in plan view
"Wedge shaped in radial profile
=Convex up in transverse profile

»Subaqueous distal facies elongate in seaward
direction with river dominated fan; arcuate -
cuspate with wave dominate fan.
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wAssociated facies

*Channel sands

»Meandering point bars or braided bars
=Inter-bay, crevasse

*Mouth bar

"Mouth bar sands

»Delta plain & Inter-bay: silt & clay
=Channel: sand & Crevasse: silt
"Pro-delta: marine shale

*Fan delta ‘
=*Proximal: fault generated mountain fronts

wDistal: marine/lacustrine (shale & limestone)

*Wire line log
"GR

*Very low GR can correspond to C Sand, Coal
and Limestone. Sand & Limestone can be
separated by FDC-CNL and Coal by Pe or U.

s ow-moderate GR are represent to M-F Sand

*High GR can correspond to Silt (rich in Th and

heavy mineral) or Shale. Silt & Shale can be
separated by FDC-CNL, SP or Pe. Th & K help to

define the clay type and U correlates with the OM.

»Distributary channels: SP/GR display blocky to
bell shapes with abrupt bases

» Mouth bar: SP/GR display funnel shapes with
abrupt tops

14
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Fig. 56-43. Exarmple of silt more radioactive than the
shate. Silt beds are easily located on the SP and newtron
curves {level ¢) (from Serva & Sulpice, 1975).

§2.2 L3

W

BPMETERS

Fig. 5.6-44, The analysis of the gamma ray, neutron,
density and resistivity curves indicates clearly two types
of sand: the deepest (d) is finer, a litile radioactive due
to small amount of silt, well sorred (high porosity
35%); the sand “abm'e (e} is coarser (low radioactivity),
moderately sorted (P ep = 22%). This figure is an
enlargement of Fig. 3649, {see below}.

sTexture
"Porosity:

-High porosity (30-40%) suggests well-sorted
sand. Position of FDC-CNL cross plot can also
indicates the mean grain size. (more radioactive
means finer and denser).

-Medium porosity (15-25%) suggests moderate

to poor sorted sand.
=Cement:

-Silica cement if FDC-CNL cross plot point fall

on the sandstone line.

-Calcareous cement if FDC-CNL cross plot
point fall on the limestone line.

15
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Fig. 5.6-42. Location of facies on a  Pyvs Py cross-plot.

"Dipmeter
-No/ramdom: homogeneous or bioturbate shale
-Green: lamination without bioturbation

-Blue: fore-set bed of mouth bar and dip
- azimuths usually point in the direction of
current flow

-Red: distributary channel fill of lateral
accretion and dip azimuths usually point
toward the channel axis (drape-over also red)

16



i

.

[
sepwie

AN A G S0 W

Sl gapass?

AR T

-. N . 5 4 ;
S Gt v
i
AT S S T | A S

SNV

st d

"Petroleum aspect

»The delta reservoir of braided bar/meandering
point bar sands are the same as previously lecture.

=Braided bar sands:

»Excellent reservoir because of large sheet
geometry & inter-communication channels

»Meandering point bar sands:

=Small field of stratigraphic/combination trap
because of small reservoir size & surrounding
flood plain shale/ abandoned channel clay

17



»Fan delta:

sThey have been recognized as important oil &
gas reservoirs (Ethridge and Wescott 1894).

»Rapid facies changes and association with
tectonically active basin margins create favorable
stratigraphic and structural trapping.

sFurthermore, potential reservoir beds are often in
close juxtaposition with marine hydrocarbon
source rocks.

=Seismic
*Oblique configuration is the typical associated
with river dominated delta.

»Sediment input is high resulting in more lateral
succession than vertical succession.

18



River dominated delta

*Where tidal and wave energies are low, high
energy distributary channels are able to build out
into the sea without any erosion.

$ :
*Progradation produces a coarsening up sequence.

*The deltas are characterized by distributary
channels and bays flanked with marsh.

*Where the sediment supplied to the delta is
predominantly fine grained, the delta front may be
failure, causing slumps and slides.

*Two types of river dominated delta:

nSteady discharge with suspension load
generates elongate/bird foot shape with few
distributary channels.

mFluctuate discharge with bed load generates
lobate shape with more distributary channels.

19



i trilrataary
ot bars

FARER -
uomsrnuc-rsv
ELON ¥ B

o Fiyere

; S50, Blockadicagrrorrrry F TR fwwer e
cdoerrirrceret oeltors ¢ TrewPs Fishier er cil., TG ).

deltas of other major rivers, s o Doboead o capieidiiiachpe. tey. dher
sroded from the land is transporeedh DY siriees: sharessyand-dopos
> delra bailding are displayed vive % ih Phatvarcapi. “Th
A £or che ox . corbors the water o seie skt shie Brvouch of
the viver. Th s bHanks of mad, sand, andidlayest shie o rexytal shvit ]
the delra grow q‘..-wnrd @t Ax rare of nearly 20 kim per LOO Vﬁ:d‘l“& ‘Mé“
ippi Rivar poar
<‘,x<~h day. In the proce
n. Evoencually. the civaer

hydraologic L Sexdimeene
ired o the dyrarai;
aioud of maact qnd »xlr e lxvc L=

wif <lf' E\r‘lc.xi
& m\vth The river builds: np e PR scxxn ot e band inro ch-..
2 horrer route 1O the occan ate? gbandons ite acrive distriba-
tary chapnel for the shorter oaours rbhandoned disteibvataey Crascs i grosy amsd ds eroded
back by wave action. Abandoncd river channels and inactive sabaelva ¥ bwe seon clearly o
wach side of the piesent viver. (Clomssaey of Narignagl Space I, Coeampten, MNadSelll

20



crevasse splay

Pro—c‘aita

ELONGATE
Modern Mississipi

H

» ‘ Distributary channel, levee

Daita plain {marsh, swamp,
iaks, interdistributary bay}

DRedta front {including channel
mouth bar sl sheet sands)

1l
i

Fig. 5.6-8. Surface distribution of facies in a bird-foot
type river-dominated delta (from Fisher et al., 1969).
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Fig. 56-13. Composite siratigraphic sequence of deposi-
tional environmenss in the Mississippi River delta’ {from

Coleman & Frior, 1980).

MOUERN MISSISSIPI RIVER SUBDELTAS

A Dry Cypeass Bayou Complex.
B Grand Liard Coniplex.

€ West Bey Cormplex.

D Cudits Gap Complex,

E Gaptiste Colietts Complex.

¥ Garder istand Ray Camplex.

i

L S B0y

Fig. $.6-14. Sub-deltas infilling interdistributery bays of

the modern Mississippi delta {from Coleman & Gagliano,
1964).
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*Structure

*Contorted bedding: LLoad mark, convolute, mud
lump, diapiric and slump are generally related to
pro-delta clays. Bioturbations are moderate to
high, including flora and fauna related.

*Ripple form, Planar bed, Trough/tabular cross-
bed: Lamination to thin-bed, small to large ripples
(symmetrical and asymmetrical), abundant planar
bed and trough/tabular cross-beds, generally high
angle with unimodal current, are the most
common bedding type.

*Scour bed: Massive bedding with general erosion
surface. Scour with lag and iron rich concretion is
common found. .
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Fig. 5.6-9. Vertical segreerices <3f sedirieritar): SritCiteres
fre river-dorniraited  reerdistribaaicoay  creas  (firorve BEifior,
FTO7A, irt Reading:, 978 ).
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*Geometry

*The main bodies are lobate with a strong lateral
accretion that generates lenticular to tabular unit
of the distributary mouth bar, grading to sheet
sand. Nea¥ the top, finger or shoestring shapes are
described.

*Bates (1953) contrasted situations between the
river waters and basin water:

mEqual dense (homopycnal/inertia)
mDenser (hyperpycnal/friction)
mLess dense (hopopycnal/buoyancy)

*Table 5.6-3 summarizes geometrical criteria for
this kind of delta.

ACTIVELY PROGRADING ABANDONED WEDGE
DELTA WEDGE /

¥ 14 Y : X - Y
MEAN SEA LEVEL
....... e it

T Limaey clay
2o and mad

Fig. 5.6-16. Cyclical active and abandonment evolution of
Carboniferous d-ltas in the United States {from Ferm,
970 ;.
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Table 5.6-3 Geometrical and other geological
parameters 1o identify deltaic subenvironments.

DRSTRIBUTARY
BAY AL POINT
WM}A SRAITHEAR BAR CHANNEL OVERBARK
"TYPE OF DEPOSIT DETRITAL CHEMICAL DETRIYAL OETRITAL DETRITAL DETRITAL
DOMMNANT BOGK TYPE Shale & Sify shale, Sestipek, civy, cosl. Madiuayio Lo Madi L alé, siitstune
with shile lenes. sandstons. i 1
Shele hends.
GHAIN SIZE TRERD Gererally coarseriing £ o f 4, Highly variablein the Cyalic, sachtvsle fining
ugward; rmiddig, Generally fifiing 78
upward.
NATURE OF BASAL CONTACT:! Genaralfy nof sasn. = harg. Highly Y harp tion. Highty - | Gradationsl.
‘etoive,
VERTICAL THICKNESS (1312 Bawigm Titos5m, ftot4m. asm §8tedsm,
LATERALEXTERT Emio 732 Km, o kilometres. Bam i 48Km. 9 it 04 Km: 13 morkss, 10 120 m. Vary vasiabie.
SHAPE OFUNIT Regtangiili¥inCross Flongated. Sheat-ika. o lenticolar. | Biconver, Thins, sheet-Fke
sqction,
BEDDING THICKNESS Thinty beddnd larminated. Mediom bodded. 2315 $m. 15t 20m: | Med L faminated.
SEDIMENTARY STRUCTURES | Panallel sndwavy Plana: sross-bada. Mutti-directionst trough i carant
i {arination, Composit setx common cross-beds, Rippiss. Smaltsesie
Climbing rippies on intersl litary crosi-bed.
axtromilies. comman.
NATURE AND DISTRIBUTION | Small leavis snd twigs W i ial| Senall i Largsiaaves and stefm o stthe ;. twigy
OF O GHENTS: g edding ol feagments distributed st | Dedding planes. base. along bedding pisnes.
Srachiopods. sandom. Rafted Codl lerrops at baie.
oA ich fizkes along Ganoralty distri strandons {8 ok tong b ]
bedding plends. asidoin, o1 & planse,
unusushly high long bedding planes:
concarination,
POSTDEPOSITIONAL Rooling on top o0y Roating. Gas heav. Stricture. Convolute, laminations. | Sluep features. Rooting.
MODFXATIONS canin-cone bisrrowing.
NODULES Siderite nodutes peisent. ot pean. Largedise, shaped nedales | Notsegn. Notsen,
present .
PRIEARY RUES Dark grayish, blaek Black grayish, blgok. Light whistish, gray. Darkgray. Light gray. Da:; greenish gray rayish
tiack,
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*Associated facies

*Boundaries: large units tend to show basal
gradation contacts with abrupt tops. Internally
gradation or sharp contacts are randomly
distributed and tend to be similar to the large units

Sequences: The rapid seaward prograding delta is
generating a large coarsening upward.

The delta characteristics in which cyclic
sequences are superimposed upon each other
depend on the relative rates of sedimentation and
subsidence.

Fig., 5.6-10. Bourndaries arid sedirmentary struciures af a
Shreviert-distributary chemrel (from Reading, 1 QUVE, after
Kelling & George, 1971).
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crevasse splay

T interdistributary
shetll bank
distributary channel fill

proximal distributary
micouth bar

dlistanl
chistributary
mouth

bar
deposits

: ) pro-dalta shale
O &
FRIVER DOMINATED DELTA

g, S.6-F2. Verticcatl seguenrical evoliutiorr i o river-
cdorrrirrervecd dedtcr (frore ¥alker, 7979},

*Scruton (1960) recognized the growth of a delta
is two phases:

nConstructive (river dominated delta): pro-
delta (mud) is overlain by delta-front (silt/sand)
then distributary mouths bar (sand) and finally
tops set delta (marsh/peat).

nDestructive (wave dominated delta, tidal
dominated delta): delta lobe eventually is
abandoned if crevasse generates a short cut to
the sea. The top set delta are then attacked by
waves and current activity and may be
completely reworked.
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DELTAIC SEDIMENTAYION - CONCEPTUAL DIAGRAMS
CRUE COMPLEX: DELTA COMPLEX: INDIVIDUAL DELTA:

[ DiESECHon STRATIGRAPHIC MAP MORPHOLOGY
[ SALRVEL A {

o

775 ALLUYIAL AND FUIVIO-DELIAIC
SANDS 2ND SITS

DELTAIC SANDS, SHYS
0 CLAYS

&1 ¥ PROCELTAIL AND MARINE
ERECLAYS

SCALE: SONE

TYPE 1

Conditions: low wave sns1jy,
tidal range, snd littorsl drift,

low oiishors slope, fire-grained
sediment load.

Characteristics: widespread,
finger-like channel sands normal
to the shorsline.

Exampie; modern Mississipi delta

Fig 5.6-13. Concepral dhagrams of variations in delta
characteristics resulting from variations in ratio between
ate of deposition and rate of subsidence (RdiRs) (from
Curtis, 1970). "

Fig. 36-17. Sand distribuiion pattern (modified from
Coleman & Wright, 1975 ).

Wave dominated delta

beaches and spits.

«Where wave energies are strong compare to the
river inflows and tides, the sediment delivered to
the sea is moulded into curved ridges at the delta’s
front and some is redistributed along the shore as

*The deltas are characterized by parallel beach
ridge complexes in active shore lines or shallow
lagoons between old beach ridges and aeolian
dunes in areas of ridge reworking.
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Click on image for notes on Sedimentary Environments
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*Progradation lead to a coarsening up sequence.

*The deltas appear to change from lobate/elongate
to arcuate/cuspate (sub-aerial forms) as the effects
of wave reworking increase or sediment input
decrease.

\ . . .
*Mouth bar deposits are continue wave reworking
into a series of super-imposed coastal barrier bars.

&

&

8

A

5o

“gl Kivethe ENVIROMENTS [ Mot s

4 o |

'RR  Rio del ey U,,,,ﬁwgm, n.m.mwmfarm

o 30D 727 o toodplaln {7} Produta sops
Dapth it fothome [ Mangrase swampa @Oﬂm el

Bhach-ridge baist Non-depositions} sneas
4 B § ¥ ¥

Fig. 58-21. Principal sedimentary environments of the  relationships of principal sedimentary facies of the modern
Niger delta (from Allen, 1970). Niger Delta (from Allen, 1970,

Fig. 56-23. Schematic illustration of the propersies and
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*Structure

L amination to thin-bed, planar bed and cross bed,
is the distinctive bedding features.

*Barrier E}nd shore-face sands generally contain
low-angle cross bedding, representing wave
accretion surface.

ePalacocurrent distributions are bimodal/random.

Sands & shales tend to be burrowed & rooted, the
last near tops of banks.

*Pro-delta clays are rich in mud pellets.

32



Fhgr. F S FE. X berrcrd cxrrel VerdRECrerl CPer NS S et rterre s xF «x ez Fecz.
SEREIVOEPRET RCIRSRT K, Plransieat  owted  Prertlorrrisert oferverberprprivizr  cas
cderdeer  gEenwns Fberree BRerdrocolc < SSERsnfr, AP TE . cerved  fioaerx
Hererelivegy ., TOFRD.

= AR AR SN
P S £ SR R B PR AT N

R SR T g T VP P -

2w e "

Ry WS- 2P EFTerchs FRebrrrcarrs oxF  wwertier—cderrrrirecnere el L s
O presrry FVESFrerr 2w cxd., XEICFEI 3.

*Geometry

*Beach-ridge sand form linear body sub-parallel to
the basin margin as a convex, arc-cusp or chevron
shapes.

*Sand body is dependent on river-wave
relationship, giving cuspate to arcuate delta.

*Stringers of sand, shale, coal, evaporites, shell
beds and heavy minerals may be present.
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Fig. 56-21. Principal sedmentary environmenss of the

Niger delta (from Allen, 1970).

Fig. 56-23. Schematic ilustration of the properties and
velutionships of principal sedimentary facies of the modem.__.
Niger Delta {from Allen, 1970,

e Associated facies

Boundaries: parallel boundaries dominate in
external as well as internal units. The base of
megasequences shows gradation contact.
However, distributary channels cut delta marshes
showing small scours at the base.

-Sequences: coarsening upward or stacked beach-
ridge sequence are well developed. However,
beach-ridge sequences are also developed in non-
delta, but are commonly backed by lagoon.
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Fig. 5.6-25. Vertical sequence distribution in wave-
dominated delta (from Walker, 1979, .

Fig. 56-26. Distribution of sand bodies following their
arigin in the Rhdne delta (from Oumkens, 1970).
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Tidal dominated delta

*The deltas are strongly affected by tides and
characterized by a complex tidal sand ridges,
shoals and islands separated by fast flow tidal
channels, elongated in the same direction of the
flow.

«Where the tidal range is low, the overlying may
be tidal flat sediment (sub-aerial fine sediment).

«Where the tidal range is high, the fast flow tidal
channels during flood and ebb may become the
principal source of dispersal sediment into the
delta marsh or delta front.

HIGH-DESTRUCTIVE-
TIOE-NFLUENCED

mpids: Apatachicols ani
ron it

Fig. 5.6-28. Block diagram of a tide-dominated delta
(from Fisher et al,, 1969,

Fig. 5.6-29. Surface distribution of facies and subenyiron-

Fig, 5.6-27. Sand bodies in modern wave-dominated deltas ments in a modern tde-dominated delta; Gulf of Papua
(from Coleman & Wright, 1975). (from Fisher et al., 1969 ).
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PURARI.
RIVER

Different tidal deltas are present along the Gulf of Papua,
with a fan-like shape or dendritic distributaries
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Click on' image for notes on Sedimentary Environments
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Ganges-Brahmaputra
delta, Bangladesh

*Delta front with bidirectional cross bedded sands
(herring bone) may overlain by clay drapes at the
top of coarsening up sequences.

*Within mouth bars, the sediments can be
reworked into a series of linear ridges parallel to
the direction of tidal currents.

*In high littoral drift the linear tidal ridges tend to
parallel the shoreline but trend to parallel the
direction of tidal currents in low littoral drift.
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TYPE 3
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TYPE 4

Conditians: intermediate
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Bana: o SudTment plals,

sihanral and mouth bar asnds
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Fig, 5.6-27. Sand bodies in modern wave-dominaged deltas
Cfrom Coleman & Wright, IR75).

Tidat current
snnd ndany
R

.
HIGH-DESTRUCTIVE.
TIDE INFLUENCED

Fig. 5.6-28. Block diagram of a tide-dominaterd delta
(from Fisher et al.. 1969 ).
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Fig. 5.6-29. Surface distribution of facies arnd subenviran-
ments i a modern tide-dominated delta: Gulf® of' Papua
{from Fisher et al., 1969).

*Structure

*Thin bed with parallel to oblique laminations;

*Bidirectional (herringbone) and unidirectional

trough cross bedding;
*Flaser;

*Scour, slump, algal structure, intent bioturbation
and mud-crack, are the main features. (fig. 5.6-30)
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Fig. 5.6-33. Major physiographic areas, tides, and rtidal
currents of the Kloang-Langar Rivers delta. Tzdes* refer to
the British Admiralty data for the Malacca Strait (from
Colemcnt et al., 1970,).

Woody in situ coal; thin shale stringers.

High arganic shales and coal; intensaily rootad with scattared
animal urrowes; smail :usnd silx fillesd tidal channel scours.

Well-sarted sand commaonly having shorp base but oot hecossarily
seoured: concentrations of heavy mingrais in zones; paraffel and
Slightly inclinad beadding: normaily rooted on top.

Alarnating sands, sits, shd shales: Hassr struct. COMIMONY

intense bhiurrowing in gones: serpubicd banks sormetinyes pronents.
wmneli-goate cross stratficanon; alges 2ones Comrmon; shel
OGBS COTTUNIGH;, POBRIDIS rooted zone or thin coal near top.
Cloars sand cornsmanly having scoured buse; bidirsational cross
swatitication common; high mices content. lacal thickening and
Thinning: burrowing common at top of sand.

Aiterteting soncs, siltn, and shates; smalt te cross lami
possibis small slump structures: faunal content Jecreases unwurd
possibie removat of entire sequence by tidal chafnel scour.

Marine shale: sconered faunal remaing: thin silk stringers;

broken shwils common: transported organics cornneman,

Claan weli-sorted sands: Iarge-scsie cross bedding: penerally festoon,
wsomired bare, possible scour and il channels in sand, grades finer
upward.

rMarine shaie and sit high faunas! content: Righly Rurrowed thin cross
taminaviorns: sily stringers.

Fig. 5.6-30. Composite stratvigraphic sequernce of deposi-
tional envirowments in the Klang-Langat Rivers delta
from Colerman & Prior, 1980 ).
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*Geometry

*Relative thick, elongated-sand bodies in the
direction of the tide, comprising a complex of
minor channels and mega-ripple sands.

<
*Associated facies

*Boundaries: Due to permanent bi-direction flow,
abrupt planar and scour contacts dominate the
sequences.

*Sequences: They tend to show coarsening-
upward, followed by fining-upward, without a
well-defined boundary.

TYPE 2

Conditions: low wave energy
high tidal range, normally

jow littoral drift, narrow

basin.

Characteristics: finger-like
channel sands passing off-
shore into elongate, tidal
current ridge sands.

Example: Qrd. Indus. Colorado.
Ganges. Brahmaputra deltas.

Fig. 5.6-32. Sand distribution in a tide-dominated delta
(from Coleman & Wright, 1975).
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Evaporite deposits and interpedded siit and shalte layers;
shales mudcracikecd.

Adternating sand. silt, and shale layers; burrowing andg
mud cracks abundant; thin sands dispiay scour oese.

Mediuin sorted sand displaving sooured basea; bidirectional
s-bedufing cornmon: iocal layers of shale: highly rooat
burrovwed at top.

Aftarcating shabe, sHt and sand lavers; svaporite
deposits found looatby; root and animal burrowing
cammon in shates; rmud cracks abundant.

Well - sorted cross - Dedded sands; sbundant soour and il
channais; occasionat thin clay layer, bidirectiona
crossibedding commoan; festoon x-bedding wel developed:
root burcowing abundgdit ar top of sand.

Alternating silts ansd shales; shale layers become
whinner near top: sceartered shells, burrowing moare
nrense aesr Base; smallsesle cross-larainations
are abrandant

Maring shate, thin bedded;: thin silt and sand string
highly burrovwed near basal zones, scantered shala.

Fig. 5.6e31. Composite stratigraphic sequence of deposi-
tional envirorpnents in the Ord River delta, Austredic
¢ from Coleman & Prior, 1980).

Fan delta

Fan deltas are alluvial fans that prograde out into
a standing body of water from an adjacent
highland (Holmes 1965).

*They generally develop on the flanks of basins
next to fault bounded.




SHALLOW SEA CARBONATE
mDefinition

mEnvironments characterized by carbonate deposits
(biochemical processes) in shallow water (<100 m),
but sometimes resulting from reworking and
redistribution of those sediments by currents.

sSellwood, 1978: five zones F1
mSupra-tidal: sabkha or evaporite
mInter-tidal (shore zone): algal mat
mSub-tidal (marine platform)

mReef belt (back reef, reef core, fore reef)
aShelf-slope

Supratidat Shore
TOre zone

Tidal reef belt
channel
Marine platform Shelf slope
o . RN SR - s - me—— T -
vt T ; s ”,.\»' PR . ¢ . o :

s

Imtertidal zone Back reef Fore reef L agoon

Subtidal zone

Fig. 5.8-1. Schemaric block diagram illustrating the
Incntion of shallow water carbonate environments.




mArid shoreline with low terrigenous input are
characterized by carbonates & evaporites.

mSupra-tidal: sabkha (evaporite)
mInter-tidal: algal mat, stromatolite
mLagoon; pelletal mud

sBeach, tidal delta, bar: oolitic-skeleton grain-
stone

mShallow upward sequence: basal high energy, sub-
tidal carbonate, inter-tidal stromatolite and top
supratidal to terrestrial deposits.

mInter-tidal:
mLow energy tidal flat

sMuddy sequence: tidal flat overlie a sub-tidal
bioturbated micrite and thin skeleton lime sand

nGrainy sequence: tidal flat overlie a sub-tidal
cross stratified lime sand

mHigh energy beach

mBeach overlie a sub-tidal bioturbated micrite
and thin skeleton lime sand




aPorosity
mPrimary porosity:

nlt is refers to pore space (between particles or
cavities within skeleton) that has been preserved
since the sedimentary rock was deposited.

sSecondary porosity:

alt is refers to pore space (involves solution usually
cut across grain) that has been created after
deposition by diagenesis or fracturing.

mCarbonate deposition models

mCarbonate shelf model:

mCoastal (high lying):

sFore-shore (beach): C grain, well sorted grain-
stone

mShore-face (beach front): M grain, less well sorted
grain-stone to pack-stone, common trough cross-
beds generated by long-shore/ tidal currents

=Off-shore (beach toe): F grain, less well sorted
pack-stone to wacke-stone, common burrow and
abundant marine fossils




nCoastal (low lying):

mSupra-tidal: consist of tidal flats/ marshlands in
temperate area and sabkhas in arid area

mInter-tidal: consist of laminated mud in broad
ponds betv&ieen channels, pelleted mud on the gently
sloping sides of channels

sSub-tidal: consist of channel deposits, commonly
pellet muds and mollusk shell packstones, that
formed as placer/ lag deposit

mShelf (facies mosaic): evaporite, muddy dolomite

sMuddy shelf sand: widespread of pack-stone and
wacke-stone

aTidal delta: lime mud on the calm side of narrow
‘passageway between barrier islands

sMud bank: they might be called bioherms or reefs
develop as wave resistant

wPatch reef: rapid construction of skeletal/ colonial
carbonate debris

sShelf sand: carbonate sand frequently extending
shelf-ward for 10-15 km from the shelf margin

sShelf basin: deeper depression/ sag develop within
a large shelf area filled with marine shale/ carbonate




mShelf margin: light color, coarser grain
1. Ecologic reef: wave resistant organic buildups

2. Shelf margin sand (carbonate sand shoals):

nSkeleton debris (washed shelf-ward by current &
storm)

mOolitic sand (elongate/ belt of sand bars, shelf-ward in
high energy or high carbonate precipitation)

sFore-slope: by-pass type

mTalus and breccia fan: coarse grained carbonate
range from sand size to house size

wPinnacle/ patch reef: back reef and fore reef

mTurbidite: fining up detrital, dark mud with pelagic
forams




mBasin: dark color, finer grain

mCarbonate began to dissolve in marine sediments,
generally about 4-5 km

mEuxinic basinal muds: dark, organic rich,
lamination

mPelagic oozes: skeleton rich, lamination, mud
convert to chalk

s Turbidite sand and debris flow: coarse to fine sand/
mud, thin bedded with slump structures

mCarbonate ramp:

mlt is no slope break, tend to be broaden and high
energy zone is close to shore.

ult is less common than the carbonate shelf and in
fact probably represent the earliest depositional
stage in development of a typical carbonate shelf.

nClassification of carbonate rock

wFolk classification, 1962

-%ime mud/ micrite: aragonite clay/ skeleton debris
S1it

wQGrains: carbonate silt/ sand/ gravel

mPore space: filled by clear sparry calcite cement
sDunham classification, 1962

sCarbonate mud:

wGrains:

mBinding by in situ growth:




mCarbonate grain types

mSkeleton grain:

wnUn-abraded to abraded shells/ colonial masses
mOoids and Pisoliths:

mQoids are concentric coating around a detrital
nucleus in agitated shallow marine, size 0.3-1.0 mm
in diameter. Some ooids may display radial fiber,
indicating formation in hypersaline lakes.

mPisoliths/ Oncoliths are concentric coating around a
detrital nucleus in low energy setting, size 2-10 mm
in diameter, The coatings are algal layer in
marine/saline lake or caliche layer in shallow soil.

nPelletoids:

mMost pelletoids are originated as fecal pellets from
various marine invertebrates. Some may also be
altered ooids/ lithoclasts.

sModern pelletoids range in size from 0.1-2.0 mm.

wPelletoids can produced in all environments, but
tend to be destroyed or winnowed out from high
energy, and preserved in low energy environments.




mAggregates and lumps:

sThey are carbonate grains and fragments joined
together by a cryptocrystalline matrix or organic
binding or submarine cementation.

allling (1954) called such aggregated particles
“lumps” and recognized several types: grapestone/
botryoidal lump, encrusted lumps.

nLithoclasts:

sThey are rock fragments resulting from the uplift
and erosion of older carbonate rocks.

sLithoclastic rocks are called calclithites, usually
associated with major fault scarps in arid climates.

mAccording to Dunham, depositional environment
can be obtained from the present of mud (calm
water) or absent of mud (agitated water). He also
identified carbonate rock into 3 textures: abundance
“of mud, abundance of grain, and signs of binding.

sMudstone: < 10% grain, mud supported

s Wackestone: > 10% grain, mud supported
mPackstone: some mud, grain supported
nGrainstone: no mud, grain supported
mBoundstone: bound together during deposition




sLithology
uComposition

nThe dominant mineral is calcite, but dolomite,
gypsum and anhydrite can be present and abundant
in supra-tidal and inter-tidal zone.

sTerrigenoys clastic materials may be interbedded
with previous deposits if the platform is connected
to a continent or transported by windstorms.

aIron-oolites and sideritic ironstones may be present
on shoal (swell) areas.

wPhosphates and glauconite may occur.

sStructure

» Sedimentary structures generally define clearly the
environment and are listed in F2.

nGeometry

mFacies related to environments can be distributed as
successive belts, parallel to the coastline of as atolls
or pinnacles.

mAssociated channel deposits (channel fill, levees)
are present in inter-tidal and supra-tidal zones.
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Fig. 5.8-2. The scheme of standard facies belts (adapted from Wilson, 1975).

»

mAssociated facies
mBoundaries:

mDue to sequential evolution the boundaries are often
not well marked. F19

sSequences:

sShallow-up because carbonate accumulations are
repeatedly build up to sea level and above. Shallow-
up from sub-tidal (B) > inter-tidal (C) > supra-tidal
(D) are show in F3 & F4.

mArid (Persian Gulf) and humid (Florida-Bahamas)
are show shallow-up in F5 Fé6.

sDeepening-up can also exist due to marine
transgression (subsidence or eustatic change) F7.

1C



P ] b

ﬁ_gIING

b fg -

-
FIrii i
512

ARV A O WL O

i
2

LI

P

k"v

i
2

2

14

<.
4
<

o,

RTINS A v,

%
. AY
oy b

I

Ml

o Y il

ilzjtli

o
2 S = o)

Fig. 5.8-19. IKxcergrle of resistivicy  evolition i coardbors-
Cxter Jiarrrierticrr (froerr THhoews of al., I9S8F ).

»

mmg-:m? F 3

E
4] SUPRATIDAL
L INTERTIDAL
SUBTIDAL
B OPEN MARINE
OR -

LAGOON ©

A L BURE ZONE
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1979).
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1979).

Fag 5.8-5. Block diagrams showing the major morpho-

gical elements of a tidal flat; (a) a hypersaline tidal
Mfar with few tidal channels bordering a very arid desert;
¢b) a normal marine tidal flar with many tidal channels
and ponds bordering an elevated well-drained area of low
Swamp algal marsh in a humid climate (from James, in

Walker, 1979).
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aWire line log

sMany logs may not be useful in carbonate rock
because of mono-mineral, less argillaceous, tight
lime, and do not detect unconnected pores.

mSonic may be much less detect porosity because

. LD . o« g0
grain to grain contact are more cohesive, providing
low transit times.

mDensity-Neutron cross-plot, points on/below the
limestone line.

mRadioactivity in pure limestone is generally low
except in shaly limestone, organic limestone or
phosphate limestone. |

sDipmeter resistivity shows no event in VH level,

which corresponds to tight limestone / dolomite
F11.

sDipmeter resistivity shows no event in M-H level,
~which corresponds to mudstone / wackestone
limestone deposited in back-reef to lagoon F10.

mDipmeter resistivity shows thin events in L-M
activity, which corresponds to grainstone /
packstone limestone F12.

mDipmeter resistivity shows uncorrelated events in
M-H activity, which corresponds to wackestone /
boundstone limestone. Often conductive if it is
vuggy F14 but resistance if it is limestone / dolomite
/ anhydrite F15.
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mBlue dip patterns can be interpreted as fore-set of
back-reef talus or tidal channel point bars. F11&F12

mRed dip patterns can be interpreted as tidal channel
fills. F11&F12

nGreen dip patterns can be interpreted as lamination

limestone / shaly limestone. F16
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sSeismic

sScismic are generally less susceptible to carbonate
facies model. However, topography in shelf margins
& pinnacle reefs, large scale accretion bedding, and
density contrasts between carbonates and salt/ shale.

wPetroleum aspect

sExcellent reservoirs can be formed in dolomitized
inter-tidal, sub-tidal, and tidal-flat successions
which provide widespread zones of fine inter-
crystalline porosity.

mEvaporite layers serve as top seals, seat seals, or
lateral seals.
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