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Figure 6.1

Sketch of carbonate shelf, showing main regions of accu-
mulation of carbonate sediments. From James (1984).



mineralogie
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e

Calcite Dolomite

Rhombohedral
unit cell

Hexagonal
unit cell

Morphological or
cleavage cell S

+aq +a

A

@ Mg O Ca °0 e C

Fig. 6.1 (A) Diagrammatic relationship between rhombohedral, hexagonal and morphological unit cells and the
hexagonal crystallographic axes. (B) Hexagonal unit cell of calcite, apparent rectilinear shape due to perspective; a;, a,
and a;=4.99 A; ¢c=17.06 A. (C) Hexagonal unit cell of dolomite; a;, a, and a; = 4.80 A; c=16.01 A.



komponenty

zrna (klasty): ooidy, pisoidy, peloidy, agregaty, intraklasty, bioklasty, rasy; stromatolity;
mezizrnova hmota: matrix (karbonatovy kal) nebo tmel (cement, sparit); Folkova

klasifikace (1962)
Recent Marine Oolds
ooidy
Random Radial
Coated grains
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N Concentric laminae
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Pore-filling Calcitised aragonite
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Fig. 1.2 Major types of microstructure seen in modern and
ancient ooids. Variations on these types have been described
from ancient ooids by Tucker (1984), Strasser (I 986), Chow
& James (1987) and Singh (1987).

Fig. 1.1 Classification of coated grains.
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Fig. 1.7 Origins of peloids.

Fig. 4.1 The principal non-skeletal
grains in limestones: ooids, peloids
and aggregates.
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Table 4.1 The mineralogy of carbonate skeletons (x =
dominant mincralogy, (x) = less common). During
diagenesis, these mineralogics may be altered or replaced;
in particular, aragonitc is metastable and is invariably

replaced by calcite, and high-Mg calcite loses its Mg bloklasty
Mineralogy
8 S
k) 2
2 S e .
e 5 = &,
g & B g3
Organism < 3 T <8
Mollusca:
bivalves X X X
gastropods X X
pteropods X
cephalopods X (x)
Brachiopods X (x)
Corals:
scleractinian X
rugose + tabulate X X
Sponges X X X
Bryozoans X X X
Echinoderms X
Ostracods X X
Foraminifera:
benthic (x) X
pelagic X
Algae:
coccolithophoridae X
rhodophyta X X
chlorophyta X

charophyta X




Fig. 4.9 Typical thin-section

appearance of bivalve, gastropod,

brachiopod, echinoderm and
foraminiferal skeletal grains in
limestone.
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Fig. 1.10 Molluscan aragonite shell
replacement. (A—D) By a
dissolution—cementation process. (E)
By calcitization with the preservation
of relic microarchitecture (see text and
Section 7.2).
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horninotvorné organismy (vapnité schranky)
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Fig. 4.7 Age range and generalized
taxonomic diversity of principal
carbonate-secreting organisms. After
Horowitz & Potter (1971).
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Mechanical disaggregation
of carbonate grains
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Into solution
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Fig. 1.13 Lime mud budget for the Bight of Abaco,
Bahamas. Based on Neumann & Land (1975) and Tucker
(1981).
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Fig. 4.35 Classification of limestones
based on composition. After Folk

(1962).

Folkova klasifikace (podle slozeni)
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stromatolity

laterally-linked vertically-stacked
hemispheroids (LLH) hemispheroids (SH)
W ~ JE\ é
close lateral linkage, type LLH-C constant basal radius, type SH-C

spaced lateral linkage, type LLH-S | variable basal radius, type SH-V

planar laminites or planar stromatolites _ oncoids
; , : (microbial balls)
typically slightly irregular

AN o\ e N
. % or crinkly lamination, may
Fig. 4.31 .Com.mon types of == __———>~=————be desiccated. Laminoid
stromatolite with terminology. After

fenestrae common.
Logan et al. (1964).
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Columnar Elongated Ridge and rill Stratiform
columns structure cryptalgal sheets

A Headlands D Embayments

Decreasing wave and tidal scour

Fig. 4.49 Schematic diagram of the variations in stromatolite form related to wave and tidal scour (modified from Wright,
1984). Discrete columnar forms (A) occur on headlands fully exposed to waves. The relief of the columns is proportional
to the intensity of wave action. Elongation of the columns occurs parallel to the direction of wave attack (B) and occurs in
less-exposed bights near headlands. In areas partially protected from wave attack, ridge and rill structures develop (C)
with relief of 0.1—0.3 m. In small embayments, completely protected from waves, stratiform sheets occur with relief of less
than 40 mm (D). These four all represent pustular mat forms from Shark Bay. Based on data in Hoffman (1976).
However, Burne & James (1986) have interpreted the intertidal columnar forms as subtidal forms exposed by a drop in
sea-level. Similar subtidal forms have been described from tidal channels in the Bahamas by Dill et al. (1986; Fig. 3.12;
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struktury

teepee, hardgroundy, paleokras, strukturni klasifikace (Dunham 1962)
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Fig. 4.36 Classification of limestones based on depositional texture. After Dunham (1962) with modifications of Embry &

Klovan (1971).
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biolithit (Folk), boundstone (Dunham); pleistocénni koral, Florida, horizontalni fez
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biomikritovy packestone (mlzi, trilobiti, devon)




oosparitovy grainstone
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mikritovy mudstone
laminace
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sedimentacni prostredi

kontinentalni - jezerni, pedogeneze, kalkrusty

mofrské - karbonatové platformy:
- hrazeny Self (biohermy, karb. utesy)
- rampy

intertidal - supratidal

lagunarni karbonaty

intertidal - subtidal, pisCita télesa

karbonatovy Self

pelagické — CCD

cyklicnost (souhra klimatickych, tektonickych a eustatickych zmén,;
autocykli¢nost)
MilankoviCovy cykly
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kontinentalni

— eolicke
— pedogenni (kalkrusty)
— jezerni - aridni, semiaridni — evaporace, chemicka precipitace

- humidni — biochemicka, biogenni precipitace karbonatu

Shore terrace Basin plain Delta area

Basin slope
Overflows (surface currents)

Interflows (undercurrentsi > S B S T el
RER\E s P ———— <  Deita sand
‘Pelagic @ \ : L —=/": and mud

Possible

Bioturbated , . G
mud Es§dlm_ent:at|orr\ interflows £

C et s " Thermocline /- . - .~
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Laminated mud and
% turbiditic sand

—

Fig. 4.65 Sediment dispersal
mechanisms and lithofacies for an
oligotrophic lake with annual thermal
stratification. Based on Sturm &

Matter (1978).

27



o i TN '\I" g
et f/;_,_j\;%_o__ — Autumn
© 90° ©, g 02° Micritic aggregates
< ® 5 ’
9g, ° o ngZ o o = A dinoflagelates,
° o ° ¥ & u| some diatoms

Fp Y &a L Late Spring
SO n R (¥ .m | Larger calite
0 % & o ) %2, polyhedra,diatoms
@So - ey B g I y
L

Coy S ° < o "| Diatom frustules

Late Autumn and
Winter

Organic layer,
cyanobacterial
filaments, iron
sulphides, fine
mineral detritus

- -~ 2 L - - ~—=T, .. '
C e R — /l . [ . ® R
~ O, - ;6' >

Fig. 4.72 Schematic diagram showing the composition of a
triplet from Lake Zurich, Switzerland. Layer I represents
settle out from the lake waters. Much of layer II represents
diatom blooms. The decreasing crystal size of calcite in layer
I11 reflects changing saturation levels. Modified from Kelts &
Hsii (1978); Allen & Collinson (1986).
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Figure 20—Low-angle wedge-planar
cross beds, Pleistocene eolianite, Isla
Contoy, Yucatan Peninsula. Photo by W.

C.Wa




kalkreta

Figure 38—Caliche layers developed on
Pleistocene eolianite, Isla Mujeres off
the Yucatan Peninsula. Micritized
eolianite is overlain by wavy, laminated
crust, WHICH 1§ overTaii by ‘congliomerattc
layer with crude reverse-graded bedding.

OO 00 qm‘i'fmqmllunp‘mluu|im’plnpm||iaqiiu|iﬁs|um
2 3 = 6 7 8 9 10 Il | PhotobyW.C. Ward.
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morské - karbonatové platformy: hrazeny Self (biohermy, karb. utesy), rampy

CARBONATE PLATFORMS

\

rimmed shelf : :n\
width 10-100km

width 10-100km

o~ A
- et el - S

epeiric platform width 10%-10*km \\ ”

isolated platform width 1-100km

h -

drowned platform /\,

Fig. 4.70 Diffcrent types of carbonate platform. After
Tucker & Wright (1990).
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hrazeny Self (bariéra: karbonatovy utes nebo piscita bariéra)

Fig. 4.71 Genceral facics model and
limestonce types for a rimmed shclf.

BASIN SLOPE CARBONATE RIMMED SHELF
b°'°‘$.'.,.'.$'£ ‘g’,":.‘."‘“ ..T::"."é’{{},n protected subaerial
shales/ |o-sedimented reefs and lagoonal and tidal flat |supratidal
pelagic carbonate
limestones| carbonates | gand bodies carbonates carbonate
mudstones B::S!;‘.‘g{g::é %?,:?nd:t:)on"::/ wackestones-mudstones jmudstones
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karbonatova rampa

Fig. 4.72 Genceral facies modcel and
limestone types for a carbonate ramp.

BASIN

deep ramp

CARBONATE RAMP

shallow ramp

back ramp

below

fair weather

wave base

wave-dominated

protected/subaerial

shale/ thin bedded beach-barrier/ lagoonal-tidal flat-
tsol limestones, strandplain/ supratidal carbonates,
pelagic storm deposits sand shoal evaporites paleosols,
limestone + mud mounds patch reefs paleokarsts
mudstones %a";‘;’s‘”t%%}eg’ grainstones wackestones-mudstones
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karbonatovy utes

RUDSTONE
GRAINSTONE BAFFLESTONE
BAFFLESTONE BINDSTONE BINDSTONE GRAINSTONE
FLOATSTONE nppp FRAMESTONE RUDSTONE
CREST
—BACK REEF ?Eﬂ REEF FRONT‘O‘O—FORE REEF -
¢== Waves & Swell

Globular

Figure 14—A cross-section through a
zoned marginal reef illustrating the dif-
ferent reef zones, spectrum of different
limestones produced in each zone, and
environment of different reef-building
organisms. In many modern reefs, the
reef crest is occupied by the massive
branching coral Acropora palmata, a
situation that is rare in the fossil record
(after James, 1979, with permission of
Geol. Assoc. Canada).

Figure 15—An areal view looking north
along the Belize barrier reef on a calm
day. The reef crest is the sharp dark line
curving toward the upper right with deep
water to the lower right. The wide, light-
green area shelfward of the very narrow
reef crest is a 1 to 2 km wide blanket of
skeletal sand (mostly Halimeda) with
zones of coral rubble in the lee of the
reef crest. Passes through the barrier
(upper right) are as much as 20 m deep.
Numerous patch reefs can be seen on
the shelf behind (upper left). (Photo

R. N. Ginsburg).
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DEPOSITIONAL MARGIN
SHALLOW WATER REEF

Reef-Derived Block

Massive Calcarenites

Shallow Water-
Derived Lime Breccia

Intraformational
Truncation Surfaces May

Occur Anywhere Along Slope
Profile
Platform |

e Slope >f<—— Basin ——

Margin

Figure 27—Slope models from Mclireath
and James (1978). A. (above) Schematic
model for a shallow-water, reef
dominated, depositional carbonate
margin, and illustration of a hypothetical
sequence of deposits from slope accre-
tion. B. (facing page) Schematic model
for a shallow-water, reef dominated, by-
pass type of carbonate margin.
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-3 Growth rate

-3 Rate of sea-level rise
Prograding

Fig. 4.97 Schematic diagram showing the responses of reefs
to sea-level rise. Growth rate refers to the actual accretionary
rate of the reef and not to the biological growth rate. In (A),
the rate of sea-level rise greatly exceeds the reef growth rate,
and the reef is drowned below the depths of biological growth.
In (B), the rate of sea-level rise is pulsed allowing
recolonization but in progressively shallower waters
(backstepped) (Figs 4.98 and 4.99). In (C), the rate of sea-
level rise is nearly balanced by accretion and the reef retreats
into shallow water. In (D), accretion and sea-level rise are
balanced and vertical accretion occurs. In (E) and (F) the rate
of sea-level rise is slow enough for the reef to prograde into
deeper water (Fig. 4.100). These geometries relate to reefs on
shef* or platform edges but isolated reef complexes will show
such responses on all sides, although to varying degrees.
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A Stationary margin

D DOrowned margin

t sand shoals on shell
Shelf/platform Reefs or sand el i : St
carbonates shoals Deep water open Od margin
shell carbonates no specific lacies at break
SL
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carbonate
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Slope carbonates

Basinal carbonates
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Fig. 2.9 General models for rimmed carbonate shelves
responding to sea-level changes. (A) Stationary. (B) Offlap.
(C) Onlap. (D) Drowned. (E) Emergent. After James &
Mountjoy (1983).



Figure 6.2

(A) The Three Creeks area along the west coast of Andros
Island, Bahamas; tidal channels cut an intertidal marsh
composed largely of algae, with some ponds in the inter-
tidal areas. (B) Diagram showing major features of the peri-
tidal environment. From Stanley (1989).

intertidal - supratidal

Eolian dunes

Supratidal marsh

Marsh
sediments

Intertidal flat with active and
abandoned channels

Supratidal
levee

Sediments of the
channeled belt
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Supratidal sabka Anhydrite

Figure 6.3

Diagram showing the major facies of the regressive
tidal flat on the Persian Gulf Trucial Coast. Supra-
tidal sabkha is composed of algal mats with a
gypsum crust, which have grown over burrowed
subtidal lagoonal sediments. Tidal deltas, com-
posed mainly of ooids, form around inlets cut into
small barrier islands composed of mollusc shells,
ooids, and coral fragments. Coral reefs can grow
Barrier island seaward of the island, away from the tidal inlets.
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lagunarni/peritidalni karbonaty

Land Island Reef or

Tidal flat deposits shoal belt
_ C
- Ocean
. S/OD
Shelf or platform setting Y

Land

Barrier island

Ramp.setting' . :

Fig. 4.39 Sites of tidal flat deposition on shelves/platforms
and ramps. Examples: (a) Florida Bay; (b) shelf islands of
Belize (Ebanks, 1975) and Lower Ordovician of
Newfoundland (Prant & James, 1986); (¢) Andros Island,
Bahamas (Chapter 3); (d) and (e) Trucial Coast of Arabian
Gulf.



Tepee cavities

—
6 }- L AT MIUd cracks ano sedimentarni struktury
%& T v peritidalnim
— Root tubules and prostredi
burrows

%&\megular fenestrae

supra

inter

(and key-hole vugs)

laminoid fenestrae
in laminites

Burrows and root
tubules

T 'Hardground’
fenestrae

sub

Fig. 4.47 Open-space structures in peritidal deposits (see
text). Planes are fractures, and is a term used by soil scientists
for open cracks.
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karbonatovy Self

Muddy
Sequence
Tervesteial - Flat pebble breccia
_— Thin laminations,
Supratidal D occasional burrows
I idal C T Desiccation polygons
ntertida ,
= — T — Even to irregular
ANA laminations and fenestrae
= =)
> Skeletal lime
sand
Subtidal — Fossiliferous, burrowed,
open-marine B and bioturbated lime
or lagoon ‘ and mudstone
| Argillaceous
e / limestone
Surf zone

N §keleta| and intraclast
A 922 lime sand or congiomerate
< S

Figure 6.13

Hypothetical shallowing-upward se-
quence on a low-energy carbonate
shelf. From James (1984).
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Andros Islands
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morfologie pfi distribuci
meélkovodnich
karbonatovych facii

Figure 6.10

(A) Ceneralized map of the carbonate
facies of the Bahama Banks near Andros
Island. From Sellwood (1978). (B) Cross
section of the Bahamas Banks, showing
principal facies. From Blatt et al. (1980).
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pelagické karbonaty — kalcitova kompenzacni hladina CCD

aragonitova kompenzacni hladina ACD

increasing rate of dissolution

degree of saturation

s ———ig 0.5 1.0 2.0 405.0
“T Al B ‘ '
g _ __dissolution 1 L |
ol R N
g s%ﬂ'g"p‘?;“ aragonite
4 F -

Depth (km)
w
|

CCD x'xlx 3

" Pacific Ocean

4 ri ;2: : } LYSOCLINE

XXX

|
|
|
I
|

calcite

CCD

Atlaptic Oclear

Fig. 5.1 Carbonate saturation and
dissolution in the deep sea. (A) The
profile of increasing CaCO;
dissolution with increasing depth for
the Pacific Ocean. The lysocline is the
depth where the rate of dissolution
increases markedly, and the CCD s
the depth where the rate of sediment
supply is matched by the rate of
dissolution and below which therefore
the sediments are CaCOj-free. After
Jenkyns (1986). (B) The profiles of
decreasing degree of saturation for
aragonite and for calcite with
increasing depth for the Atlantic
Ocean. After Scholle et al. (1983).
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Figure 13—A. (left) Scanning electron
microscope (SEM) photograph of epicon-
tinental shelf chalk from Smokey Hill
Shale Member of the Niobrara Forma-
tion. Sample shows well preserved,
varied assemblage of cocoliths and
rhabdoliths and porosity in the 35 to
40% range; scale bar is 10 um. B.
(below) SEM photograph of typical Ter-
tiary deep-sea chalk from the Hatton-
Rockall Basin. Note minor corrosion of
coccolith margins. DSDP Leg 12, Site
116 at 462-m burial depth. Scale bar is
4.5 pum.
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Fig. 2.29 Schematic Grand Cycle frort the Cambrian of
eastern North America consisting of many shale—limestone,
shallowing-upward cycles in the lower part and oolite—
stromatolite cycles in the upper part. After Chow & James

(1987a).



Milankovitch Orbital Cyclicity
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Fig. 2.30 Milankovitch rhythms of the last 250 000 years, and
into the future. After Imbrie & Imbrie (1980).
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