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WHAT IS A ‘NORMAL’ LIMESTONE?
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COMMON CARBONATE MINERALS

protodolomite
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-2 ym



DIAGENESIS (...)

ARAGONITE + HMC = LMC +(DOLOMITE)

dissolution, neomorphism, cementation (...)



COMMON CARBONATE MINERALS

Preservation potential of C and O isotopes in ancient carbonates (Marshall 1992 in Fliigel 2004)



CARBONATES : BORN IN THE SEA

v Well over 90% or more of the carbonates in MODERN marine environments are BIOLOGICAL
in origin, i.e. the sediments are biotically induced or controlled,

v Carbonate sediments originate on land and in the sea. TODAY only around 10% of marine carbonate
production takes place in SHALLOW SEAS. 90% is related to the deposition of calcitic plankton in the
DEEP SEAS. These proportions were very different during most parts of the PHANEROZOIC
=> about 70% of microfacies studies concern shallow-marine carbonates formed on the shelf and near
the shelf break

v SEAWATER

* contains 95 chemical elements, (very) far from the saturation state

Ca => carbonates, sometimes phosphates

Ba => sulfates

Fe and Mn => (hydr)-oxydes

Si (extracted by organisms despite undersaturation) => silica

nb: Major constituents of SW: if > | ppm by weight => they account for over 99% of the salinity
(=35%.) by weight throughout most of the oceans (Cl-, Na*, Mg?*, SO 2, K* = 99.8% of the
mass of the solutes in SW (Na and C| = 86%).



CARBONATES : BORN IN THE SEA

nb PRECAMBRIAN...
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forams

coccoliths

pteropod pens

Coccosphere of the coccolithophore
Emiliana huxleyi (R James, Open U., 2005)

Calcareous remains found
in the deep-sea sediments
(today), Reidel 1963




CARBONATES : BORN IN THE SEA
marine depositional environments

slopes exaggerated

Kenneth 1982

There is no universally accepted scheme of subdivision of marine environments among biologists,
oceanographers and geologists.



CARBONATES : BORN IN THE SEA
marine depositional environments

Essential critical INTERFACES that control sedimentary patterns and the distribution of the organisms are

| lower & upper boundaries of the TIDES (control distribution of organisms);

2 base of the photic zone (control light-depend phototrophic organisms);

3 base of the zone of wave abrasion (above which bottom currents and
wave action lead to erosion and cementation);

4 base of the action of storms on the sea bottom;

5 O, minimum zone (strongly limiting life on the sea bottom);

6 thermocline (the layer of water that is too cold for most carbonate-
producing organisms);

7 pycnocline (the layer of water where salinity is too high for most of
slopes exaggerated organisms.

Kenneth 1982

HIGH & LOW TIDES, WAVE BASE (FWWB) & STORM WAVE BASE (SWB) ARE USED AS BASIC BOUNDARIES
IN THE CLASSIFICATION OF THE MAJOR SHALLOW-MARINE ENVIRONMENTS.



Kenneth 1982

CARBONATES : BORN IN THE SEA
marine depositional environments

There is no universally accepted scheme of subdivision of marine environments
among biologists, oceanographers and geologists.
TODAY

BENTHIC (ecological) DEPTH ZONES : SIX ZONES

| coastal sublittoral : above high tide = ‘SUPRATIDAL’

2 littoral : between high & low tides = ‘INTERTIDAL’

3 sublittoral : below low tide = MAJOR PART OF THE CONTINENTAL SHELF
4 bathyal= + CONTINENTAL SLOPE

5 abyssal = ABYSSAL PLAINS

6 hadal = DEEP-SEA TRENCHES

GEOLOGISTS = SUPRATIDAL-INTERTIDAL-SUBTIDAL

PELAGIC (ecological) DEPTH ZONES : FIVE ZONES defined by the vertical

slopes exaggerated

distribution of floating and swimming life.

| epipelagic: upper region of ocean to a depth of about 200m
2 mesopelagic

3 bathypelagic

4 abyssopelagic

5 hadopelagic



CARBONATES : BORN IN THE SEA
marine depositional environments

There is no universally accepted scheme of subdivision of marine environments
among biologists, oceanographers and geologists.

GEOLOGISTS = SUPRATIDAL-INTERTIDAL-SUBTIDAL

NERITIC ZONE : is the water that overlies the continental shelf
= today generally with water depth < 200 m and covering * 8% of the ocean floor

‘OCEANIC’ ZONE : refers to the water column beyond the SHELF BREAK, overlying
the slope and the deep-sea bottoms, generally with water depths > 200 m and down
to more than 10 000 m.

these water depths are not compatible with the situation in many ancient
oceans => the term ‘neritic’ is often used to describe sea bottom
environments below the neritic water column, or shallow-marine
environments characterized by significant terrigenous influx



CARBONATES : here(NOT)BORN IN THE SEA
non-marine depositional environments

Non-marine carbonates originate in TERRESTRIAL and AQUATIC environments
without marine influence => formed by ABIOTIC and/or BIOTIC processes
= subaerial exposed settings and in submerged aquatic settings

Terrestrial subaerial exposed settings 2. Terrestrial aquatic settings

* pedogenic carbonates, paleosols, caliche/calcretes * freshwater carbonates (travertine, calcareous tufa ...
* palustrine carbonates * lacustrine carbonates

* cave carbonates, karsts (speleothems....) * fluvial carbonates

* eolian carbonates => eolianites
* glacial carbonates



CARBONATES : BORN IN THE SEA
MINERALOGY

v SEAWATER : Mg/Ca = 5.2
=> numerous phases coexist : ARAG, LMC, HMC, DOL

v' SUBSURFACE/METEORIC WATER : Mg/Ca = | only LMC

v MODERN/RECENT SEDIMENTS : ARAG, LMC, HMC

Theory/Thermodynamics : DOL first
Kinetic : ARAG and HMC due to inhibitor action of Mg
and lack of COj availibility (cf. crystallography) in order to form DOL

v if Mg/Ca > 7 or = | => DOL [EVAPORITIC or SCHIZOHALINE]

CONCLUSION: CARBONATE = KINETIC ‘PROBLEM’

HT = STOECHIOMETRIC DOL Ca:Mg = 1/1 (> 300°C)
LT =‘Ca-DOL : Ca,Mg,:(CO,), => XRD
[FPROTODOLOMITE, tiny crystals |-2pm]

+ BACTERIAL-FUNGAL-induced DOL



CARBONATES : BORN IN THE SEA
MINERALOGY-DIAGENESIS



CARBONATE CRYSTALLOCHEMISTRY

‘EQUANT’ ‘FIBROUS’

Morphology of calcite crystals as controlled by selective ‘Mg-poisoining’.

A If a Mg ion is added to the end of growing crsytal it can be easily overstepped
by the next succeeding COj layer without harm to the crystal growth.

B If the small Mg ion is added to the side of the crsytal, the adjacent CO; sheets
are distorted to ccomodete it in the lattice, hampering further sideward growth
=> growth of small, fibrous crystals.



CARBONATE CRYSTALLOCHEMISTRY

1960’ Calcite crystal growth habit as a function of Mg/Ca ratio
nb : 1990’ availability CO,2-....

‘FIBROUS’ ‘EQUANT’




CARBONATES : BORN IN THE SEA
MINERALOGY-DIAGENESIS

in Fliigel 2004




CARBONATES : BORN IN THE SEA
MINERALOGY-DIAGENESIS

in Fliigel 2004

MF miliolid foram, B bryozoans, O syntaxial overgrowth. PRIMARY INTER-INTRA POROSITY partly reduced

(dogtooth and granular cements within forams and echinoderm overgrowths)

‘DISSOLUTION SEQUENCE’
HMC => LMC (MgW¥) or DOL (Mg)
then ARAG => MOLDS or LMC,
finally ‘LMC’
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1962

a» OO
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1975

First synthesis
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1990

.... with
SEM

Geochemistry
Recent studies

= > abundant textbooks....
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CLASSIFICATION OF CARBONATES
a long story ....

= 1900 GRABAU : ‘calcirudite’, ‘calcarenite’, ‘calcilutite’
1949 PETITJOHN : limestones = allochthonous, autochthonous, bioherms, biostromes

1959-1962 FOLK first (practical) petrographic classification
based on ‘textural maturity’ deriving from previous studies in the siliclastics!
=> allochems (= allochthonous carbonate grains) = depositional energy
=> spar
=> micrite

1962 ... AAPG Memoir#l
=> DUNHAM : nature of grain support
=> PLUMLEY et al. : energy index | ;5 .... V, ;3

1971 EMBRY & KLOVAN BCPG Memoir#19 ‘coarse-grained ‘reefal’ rocks

CLASSIFICATION OF POROSITIES (CARBONATES)

1970 CHOQUETTE & PRAY AAPG 54, 207-250
1995 LUCIA AAPG 63, 279-300



TODAY

GLOBAL APPROACHES

* Academic
* Environmental

APPLIED APPROACHES

» Source rocks
* Reservoir rocks
* Seal rocks



CLASSIFICATION OF CARBONATES
a long story ....

one of the
most
popular

Fol (1959), as modified by Folk (1962).

This classification is compositional as well as textural (for non-reef carbonates)
The basic philosophy is that carbonate rocks are similar to siliciclastic rocks in their mode of deposition,

because their textures are both controlled largely by the water energy
=> intraclasts and oolites > < micrite ‘WRONG IN MOST CASES....”’



CLASSIFICATION OF CARBONATES
a long story ....

Concept and textural spectrum of the Folk classification (1959, 1962).

Increasing maturity from left to right.

High water energy hinders deposition of fine-grained material (‘micrite, matrix’) and favors the sedimentation
of winnowed sands with large amounts of pore space that is later filled with sparry calcite (cement, sparite).
The most important environmental break is between limestones with a lime-mud matrix and those with

calcite cement, because this should reflect the point where water energy becomes turbulent enough to

wash out (winnow) the lime mud, keep it in suspension and carry it into lower energy zones.



CLASSIFICATION OF CARBONATES
a long story ....

Concept and textural spectrum of the Folk classification with terrigenous analogues.

A. PREAT U. Brussels/U. Soran 27



CLASSIFICATION OF CARBONATES
a long story ....

SPAR : Z MICRITE
+ M T +
ALLOCHEMS E R ALLOCHEMS
N I
T X

Concept and textural spectrum of the Folk classification (1959, 1962).



CLASSIFICATION OF CARBONATES
a long story ....

DUNHAM (1962) : THE MOST WIDELY USED CLASSIFICATION

It can equally well be applied in the field, in investigation of cores and in laboratory studies (thin sections).
It is necessary to determine what constituents occur (grain categories, matrix, cement
types) AND whether the constituent grains are grain- or mud-supported.



CARBONATES (@) + I
CLASTICS &I + (dl1)

Primary depositional porosity in various
Holocene carbonate sediment textural
types (Enos & Sawatsky 1981)
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Porosity-permeability plot of Holocene
carbonates (Enos & Sawatsky 1981)
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CLASSIFICATION OF CARBONATES
a long story ....

The DUNHAM classification stresses the DEPOSITIONAL fabric.
The FOLK classification tries to evaluate HYDRODYNAMIC conditions.
Both classifications consider the dominant groundmass types.



CLASSIFICATION OF CARBONATES
a long story ....

EMBRY & KLOVAN 1971 : AUTO/ALLOCHTHONOUS REEF LIMESTONES

EMBRY & KLOVAN specify HOW the organisms contribute to rock-building processes
=> significance of reef builders for the buildup of reefs



CLASSIFICATION OF CARBONATES
a long story ....

EMBRY & KLOVAN 1971 : AUTO/ALLOCHTHONOUS REEF LIMESTONES

DUNHAM 1962

A. PREAT U. Brussels/U. Soran 33



Role of organisms
in the construction
of reef carbonates

Dependence of reef
rock types on
environmental
constraints of

benthic communities

CLASSIFICATION OF CARBONATES
a long story ....

in Fligel 2004



Conceptual classification of reefs and mounds including (‘microbialites’)

Bourque 1992




CACLIMICROBE BOUNDSTONE

0.5 mm

Girvanella (G)

Epiphyton (E)

Renalcis (R)

!microbial spar

and microspar (M)

boundstone 0.5 mm

Cambrian, Canada,
Bourque 1992

| mm



Fligel2004

Skeletal stromatolite crust growing
on a colonial reef coral. The crust
consist of a spongiostromate
micritic layer (ML) separated by
porostromate cyanobacteria filled
with sparry calcite (SC).

Late Triassic, Austria

Microbial crusts around and
between rugosa corals
=> stabilization and preservation
of reef structures
=>black spots between septa and
calices = asphaltic pyrobitumen
(thermic effects, burial).
Frasnian, Germany

Agglutinated microbialite
(amalgamated peloids AP)
leaving space for spar-filled

cavities (C) forming a

‘laminoid fenestral fabric’

Late Triassic, Slovenia

A. PREAT U. Brussels/U. Soran

Laminated fine-grained
agglutinated stromatolite
(trapping/binding the
sediment)
Thicker peloid layers (PL-
and thinner ones (ML)
Late Triassic, Austria

‘Spongiostromate’
stromatolitic crust
covering the wall of a
cryptic reef cavity.
Late Triassic, Austria

Tufa stromatolite
(cement/algal bindstone)
Alternation of thick
layer of bladed elongate
calcite cement (CC) and
layers of radiating bundles
of algal threads (arrow).
Schizohaline near-coastal
environment.
Tertiary, Egypt
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Fligel2004

Lacustrine columnar stromatolite.

Could be up to several meters thick.

The columns are laminated and
larger columns consist of
small-sized stromatolite
(black arrow).
Early Permian, Germany

Irregularly laminated mudstone
and peloid mudstone with
syngenetically deformed
layers. Marine environment
Early Permian, Germany

Marine green and red algae
in lacustrine sediments
Early Permian, Germany

A. PREAT U. Brussels/U. Soran

Stromatolite boundstone
with infillings of
micro-oncoids (arrows)
(high-energy shoreline/
nearshore environments)
Early Permian, Germany

Lacustrine oncoid with
thrombolite (T) micro-
structure = coccoid and
filamentous microbes
Early Permian, Germany
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Fligel 2004

Pisoid rudstone

Arrows point to vadose cements
Carlsbad Cavern, New Mexico, USA

‘Cemenstone’
submarine, originally aragonitic
radial-fibrous cement (C)
formed synchronously with biogenic
crusts (red algae) (arrows)
growing on sponges (SP) as well
on cements.

Late Permian, Upper Capitan
Limestone, USA

A. PREAT U. Brussels/U. Soran
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MODERN CORAL REEFAL CARBONATES

Distribution of recent coral reefs is limited in the north and south by minimum winter temperatures

Schlager 1992



MODERN CORAL REEFAL CARBONATES

Schlager 1992
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Bourque 1992
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Bourque 1992
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L = fenght REEFAL CARBONATES

T = thickness also a long story ....
bedded unit lens-like body
L. 100m’-100’km L./Th.
Th. m-10'm

same magnitude

= several superimposed
bioherms with
little relied above
the surrounding
sea floor

= rigid, wave-resistant
topographic structure
generally formed
during one specific
period of tile

James 1983

A. PREAT U. Brussels/U. Soran
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REEFAL CARBONATES

also a long story ....

James 1983



REEFAL CARBONATES

also a long story ....

Cross-section through a zoned marginal reef. In many MODERN reefs, the reef
crest is occuped by the massive Acropora palmata.

James 1983



REEFAL CARBONATES

also a long story ....

James 1979

A reef is a mosaic of organisms/sediments, with very abundant BIOerosion and

PHYSICAL erosion (waves, currents, storms). The reef is a mixture of ‘altered’
parts and in place ‘autochthonous’ organisms



Reef types and role of the various organisms involved.
Stromatolites can act as frame-builders while microbial mats
acts as ballflers, binders and precipitators (in Tucker & Wright 1990)
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Principal sedimentological roles of
calcified organims in Silurian of Europe
(Riding, 1981)

More than one role

Red algae (solenoporaceans) were abundant in these reefs, but unlike crustose
coralline algae in modern-day reefs, they were not able to encrust and acted
as accessory frame-builders. The encrusting role was filled by problematica and

stromatolites.




Controls on growth froms
and growth patterns of
colonial reef builders
=> water energy

=> relative rate of sedimentation
(James & Bourque 1992)

A. PREAT U. Brussels/U. Soran
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REEFAL CARBONATES

also a long story ....

nb Tubiphytes : microfossil of unknown systematic position = ‘encruster’

MICROBIAL = MATS and STROMATOLITES

James 1983



Stromatolites, Slc, Neoproterozoic Congo-Brazza préat 2012
A. PREAT U. Brussels/U. Soran

54



Stromatolites
Slllc, Neoproterozoic

Congo-Brazza
Préat 2012



LLH-Stromatolites and microbial mats (partially
silicified)

Sc3, Neoproterozoic, Nyanga basin, Gabon
Préat 2006



Present-day stromatolite (and fish nursery) in Shark Bay, Australia



Depositional model of the Edward Limestone, Texas, Cretaceous (Kerr 1977)



Rudist Patch-Reef

reworked patch-reef and mixing with other grains

TIME

Cross section along the ‘Edwards’ Limestone, Texas, Cretaceous (Rosel972).
Upward shoaling facies in a northerly direction.



CLASSIFICATION OF CARBONATES
a long story ....

Expanded classification (Dunham 1962, Embry & Klovan 1971)



CLASSIFICATION OF CARBONATES : SYNTHESIS
Dunham 1962 , Embry & Klovan 1971, Wright 1992

Fliigel 2004
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CARBONATE SYSTEMS/MODELS

Ramps and platforms differ in their geometry, depositional depths and distribution patterns of facies zones.
They are controlled by variations in biogenic production as well as by fluctuations in both sea level and in
accomodation and sedimentation rates. Microfacies reflect short-term environmental changes and high sea-
level fluctuations as well as long-term patterns in the formation of carbonate buildups.

Rimmed/unrimmed PF are
‘Carbonate factories’ are common in tropical and
subtidal areas characterized by subtropical sunlit waters,
high carbonate production by today +30°N and S of the
predominantly benthic organisms equator, and the carbonate
factory is primarily
=> max near the PF margin and controlled by high water T
behind the margin (favoring phototroph
in RIMMED PF carbonate —secreting
organisms
N
o
>
=
B
(=
]
N
o
é Ramps are common in cool-
S, | water zones, extending
polward from the limit of the
tropical factory to polar
=> over the entire extension latitudes.
of the RAMP Heterotroph organisms
are dominant.
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Schlager 2000 differentiated a third carbonate factory = MUD MOUNDS
characterized by the in situ production of biotically induced and abiotic carbonate mud

Example : Red Mud Mounds/Bioherms, F2ij (Frasnian), Belgium
In situ production by IRON-BACTERIA



CARBONATE SYSTEMS/MODELS

Latitudinal distribution and critical sea-water temperature of MODERN tropical carbonates,
temperate and polar carbonate settings. Cool-water carbonate can also form in tropical regions,
where cold currents reduce sea-water temperatures (off the east of S America, off the west coast

of Africa and southern Asia) (from Flugel, 2004).



EXAMPLE

“TROPICAL’

DEVONIAN

IN BELGIUM
AND

(N FRANCE)

in Fliigel 2004

Eifelian, Belgium

Red Mud Mounds
Frasnian, Belgium

¥

Frasnian, Belgium
(locally)

Lower Frasnian, Belgium



CARBONATE SYSTEMS/MODELS



Three types of carbonate shelf margins

A downslope lime-mud accumulation B knoll reef ramp or platform € organic reef
A Capitan Fm, Permian Reef West texas/New Mexico...+ Waulsortian mounds of Europe (BELGIUM) and N-

Amarica...
B Rudist reefs Middle Cretaceous S-Texas, MIDDLE EAST, M-U Dev Canada, Modern Bermuda platform ...
C many post-Triassic reefs, Modern reefs (Belize). Also Late Devonian Canning Basin reefs, Western-Australia

EXACT MODERN ANALOGUES ARE NOT KNOWN

‘bioclastic lime mud’

‘skeletal frame-built’ reefs
rudists ....

‘hexacorals and algae (modern-)

Wilson 1974



CARBONATE SYSTEMS/MODELS
lateral classification of carbonate shelves....

Wilson & Jordan 1983, Burchette & Wright 1992



CARBONATE SYSTEMS/MODELS
glossary of ‘reefal’ terms....

in Fliigel 2004



1975
First Synthesis

A. PREAT U. Brussels/U. Soran
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STANDARD FACIES MODEL -WILSON 1975

of a rimmed tropical platform along a strongly generalized shore-to-basin transect

9 FACIES BELTS and 24 SMF Standard Microfacies Types

carbonate muds... evaporites...

reefal rudstones.... carbonate sands...

radiolarian

spiculite microbioclastic
pelagic micrites

radiolarian shales  calcisiltites debris/slumps

Facies Belts = changes of sedimentology and biology across shore-to-basin transects
SMF derived from local MF types looking at joint palaeontology and/or sedimentology

clastics. ..



STANDARD FACIES MODEL -WILSON 1975

of a rimmed tropical platform along a strongly generalized shore-to-basin transect

50
|.5°

o0, n0O, (0) 0, O, 0, O, (0,)  0,(0,)

below WB below FW WB below WB reworking ~ some meters  some meters  above FWWB above FWWB ARID
below PhZ ‘near’ SWB  ‘near’ SWB chaotic [to 100°’m for  with subaerial in PhZ in PhZ or
[00-1000'm  “near’ PhZ  “near’ PhZ mud mounds]  exposure ‘m-10'm ‘m-10'm HUMID
[30-100'm in  200-300m  200-300m above FWWB

cratonic basin] in PhZ



STANDARD FACIES MODEL -WILSON 1975

of a rimmed tropical platform along a strongly generalized shore-to-basin transect



STANDARD FACIES MODEL -WILSON 1975

of a rimmed tropical platform along a strongly generalized shore-to-basin



STANDARD FACIES MODEL -WILSON 1975

of a rimmed tropical platform along a strongly generalized shore-to-basin

The Wilson FACIES BELTS are limited to tropical platforms and do NOT consider
platforms in COOL-WATER settings that often correspond better to non-rimmed
platforms or ramps.

The Wilson model contains more Facies Belts (or ‘Zones’) than can normally be
found on one platform => rimmed platforms usually exhibit a reduced number of
Facies Belts, and often a different lateral arrangement of Facies Belts.

The WILSON MODEL was the first one established in the carbonate research....
It developed a static approach and a broad generalization of the carbonate settings
=> the model is just a snapshot illuminating potential depositional patterns and
their lateral relationships....

=> TODAY: dynamic models describe the development of (micro)facies belts/
zones during time taking account into variations in water depth related to sea-level
fluctuations, accomodation space and biogenic production...



THE CARBONATE RAMP MODEL — AHR1973

and many others authors

PROXIMAL DISTAL

Burchette & Wright 1992

A carbonate ramp is a gently dipping sedimentary surface on the sea floor.

The FACIES BELTS are controlled primarily by ENERGY LEVELS (FWWB & SWB),
variations in ramp topography and material transport by storms, waves and tides.

The depositional slope is usually less than 1° (a few m/km).



THE CARBONATE RAMP MODEL — AHR1973

Carbonate ramps can develop during the drowning of shelves and during the early
stages of platform formation. Often they evolve into rimmed platforms.



THE CARBONATE RAMP MODEL — AHR1973

Generalized subdivisions of carbonate ramps (in Flugel 2004)

Widths and lengths of ancient carbonate ramps vary within a wide range
Max. width <I0Okm to 800km (most values <200km, generally <I0 to +20km)
Lengths: 10-1600km (if behind 1000km = ‘epeiric ramp’). Most values <500km (10-200km)



NON-RIMMED SHELVES AND PLATFORMS —JAMES 1997
cool-water (temperate) shelf

Base of wave abrasion ranges from 30 m to 70 m
Swell base may reach 120 m
Storm wave base about 250 m



NON-RIMMED SHELVES AND PLATFORMS —JAMES 1997
cool-water (temperate) shelf

Criteria used in the subdivision of a non-rimmed carbonate cool-water shelf



EPEIRIC PLATFORM MODEL — IRWIN [965

During the Phanerozoic epeiric seas covered extensive areas of the cratons

=> very shallow, low-energy seas extended for 100’ to 1000’ km.

Epeiric seas first flooded the margins and later the interior of tectonically stable cratons.
Modern epeiric seas are rare. Examples of warm-water epeiric seas are the Sunda Sea
and the Java Sea, cool-water examples are the Baltic Sea, the North Sea and the Hudson Bay.

VERY LOW ENERGY HIGH ENERGY LOW ENERGY

A. Irwin model B. Lukasik et al 2000 model differing in the nature of the slope and the extent of the basin.
nb : Lukasik et al model is from temperate TERTIARY carbonates from the Murray Basin in Australia.

Characteristics : clear-water sedimentation, extremely low slope angle and regionally extended
low-energy conditions and distinct salinity gradient. The inner platform consists of subtidal to
intertidal mudflats with widths of tens of 100km, and water depths generally < [0m.



THE ESSO MODEL —FRASNIAN/FAMENNIAN, W CANADA



