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Introduction

This article s a general introduction to
facies models in carhonate sedimentary
rocks. within the larger f acres Models
senes Here | would like to set the stage
for these articles by outhning the
inherent differences between siliclastic
and carbonate sedimentaton (Table 1)

Carbonate Sediments are Born,

Not Made

This deceptively simple phrase
encapsulates the mamn theme ot the
differences botween the two sediment
types. Shiclaste sodinents, made
primarly by the disintegration of parent
rock are transportad to the environment
of deposition and once there the
patterns of texture and fabne are
impressed upon the sedunent by the
hydrauhic regimen The signature of
siiclashic facies s thus in sedimentary

Table |

[ntterences between siiclastic and carbonate sedunients.

Carbonate Sediments

Siliclastic Sediments

The majority of sedirents occur 0 shallow,
tropical environments

Climale 1s no constrant, sediments occur
worldwide and at all depibs

I he majonty of sediments are marine

Sediments are bolh terrestrial and manne

The graan size of sediments generally reflects
the size of argamsm skeletons and caloified
harg parts

The gran size of sediments reflects the
hydrauiic energy in the environment

Ihe presence of ime mud often indicates the
prolhfic growth of organisms whose calcihied
partions are mud size crystallites

The presence of mud indicates setthng out
tror suspension

Shallow water ime sand bodies result
primianly from localized physiochermical or
riological fixation of carbonate

Shallow water sand bodies result from the
ntetaction of currents and waves

Lorahzed buldups of sediments without

At corpanying change in hydraulic regmen
Ader Ine character of surounding

o lary environments

" nanges in the sedimentary environments
are generally prought about by widespread
e es e the hydrauhc reqimen

Soonrerts gre commaonly cemented on the

s o

Serhenents remam uncansohdatedin tha
cvaroneient of depesiion and on the

i o

Sorncpr e posares of setments dunng
s o resylts mntensive diageness
copenelly cerientation and recrystallizabion

Fonone exposite ol sodimaents darnng
dopsihion [eaves deposis relatively

Tl fiy

Foecanatne of different sedimentary facios
venhil rrater duning low grade
TR R IR A S1ATINE §|

Tiws amatur of sedienentary facies survives

o arade crelarnotbism

structures and grain size variations
Carbonate sediments, on the olher
hand. are born in or close to the
environment of deposition. Thus. m
addibon to the purely physical
sedimentary parameters used in the
analysis of non-carbonate sediments.
ther composition of the sedimentary
particles themselves either precipitated
out of seawater (e.g.. oods) or formed by
organmsins te g . corals and clams), 15
equally mportant in charactenzing the
depositional environment.

Variations of Carbonate Producing
Organisms with Time

To inlerpret ancient sedimentary
sequences and construct facies models
wi rely heawvily upon observations in
modern environments of depastion.
This approach works and is seento work
because the basic composition of most
sedimentary particles has remained the
sarme through tme. a quarlz sand grain
or an ooid s the same in the Pleistocene,
Pormian or Precambrian. Because
argarisms have changed with ime 1tis
dithcult. atfirst glance, to compare



124

modern and specitic ancient carbonate
facies think, though. thatl carbonate
secreting 0rganisms in the rock recerd,
when viewed as sediment preducers, do
have living equivalenis in modern
oceans. although they may noteven be
inthe same phyla. This s because,
despite the nUMerous groups of
orgarmsms with hard parts, there are only
Iwo ways in which these hard parts are
arranged 1) as whole, rig.d skeletons
tforarmnifers. snats, corals), and 2} as
numerous individual segments held
together in hfe by arganic matter
{trilobntes. clams, ish} Table Il lists the
more important carbonate producing
and binding crganisms and their

fossil equivalents.

Zones of Carbonate Accumulation
Because the precipitation of carbonate
1S casiest in warm. shallow seawater,
most carbonate sedimentation takes
place on continental shelves or banks in
the tropics. Although the majonty of
sediments produced in this ‘carbonate
factory’ remain in the source area somes
dare transported landward and some are
transported basinward (Fig. 1). Thus,
there are three different zones of
accurmulabon. 1) the subtidal, open shelt
and shelf margin, characterized by in
place accumulations of ime sands, ime
imuds and reefs. 2) the shoreling, where
sediments are transported from the
open shelf onto beaches and tidal flats;
and 3) the slope and basin, where shelf-
edge sedirnents are transported
seaward. often by mass movements,
and redeposited at depth. In the basins,
especially in post-Jurassic time, the
fallout of calcareous zooplankion and
phytoplankton has also contributed
signiicantly to carbonate sediments.

The reader who wishes a detalled
account of different carbonate
sedimentary facies through time is
reterred to a recent outstanding
documentation by Wilson {1975).

As each of the three zones of
accumulation have distinctive
sedimentary environments and produce
diftering sedimentary faces they will
term a framewark for the subsequent
articles on carbonate tacies models.
The shoreline and slope tc basin facies
models are most ke siliclastic facies
models because sediments are
transported from one area and
deposited in another. Roger Walker
(1976) has already alluded to slope to

Table

The sedurnentary aspect of modern carhonate praducing and binging organims and their
counterpatls n the tossil record

Modern Organism

Ancient Counterpart

Sedimentary Aspect

Corals

Archaeocyathids. corals
Stromatcporowas, Bryozeoa.
Audistid bivalves,
Hydrozoans

The large companents. often
N place. o! reets and mounds.

Bivalves

Bivalves, Brachiopods.
Cephalopods, Trilobites and
other arthropods

Remain whole or break apart
nto several pieces to form
sand and gravel-size particles

Gastropods Benthic
foraminifers

Gastropods. Tintinids,
Tenmacuhtids, Salterellids,
Benthic Foraminifers,
Brachiopods

Whole skeletons that form
sand and gravel-size particles

Codacean dlgas -
Haimeda, sponges

Crnnoicds and other
pelmatnzoans, sponges

Spontanecusly disintegrate
upon death into many sand-
size paricles

Pranktonsg toramaniters

Planktome faraminmiters
Coceolths (post Jurassic)

Medium sand-size and smaller
particles in basinal deposits

Fnorusting foramimfers and
coralline alyde

Coralline algae. phylloid
algae Renalcids
encrusting Foramimnifers

Encrust on orinside hard
substrates build up thick
deposits or tall off upon death
ta form me sand particles

Codiacean algae  Pencillus

Codiacean algae -
FPerclius-hke farms

Spontaneously disinteyrate
upcn death to form me mud

Biug-green algae

Blue-green algae {especially
N Pre-Ordowvician)

Trap and bind fine-gramed
sediments to farm mats and
stromatolites
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A sketch diustrating the main zones of

CAhQNATC Accuinulahion
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basin facies in the context of carbonate
turbidites and debris flows. At the other
end of the spectrum. reefs and reef-like
deposits are the most unlike silclastic
tacies as they are predominantly
accumulations of biologically produced,
in place, carbonate.

| have chosen to begin the discussion
of carbonate facies models with a
description of the nearshore zone of
accumulation, reflected in the rock
record by shallowing-upward
sequences. They are most like the
siliclastic models described previously
in this series by Walker, are reasonably
well understood and more or less
independent of variations in carbonate-
producing organisms with time.

General References

T reforence bston this lopic 1s relatively
snant nerause there have recently appeared
soeveral excellont texts on carbonate
sedimients and facles From these the rcader
can easily gain access 1o most of the
pertinent hterature on any specihic aspect.

Bathurst. R G C . 1975, Carhonate
Sediments and ther Diagenesis:
Developments in Sedimentology, No. 12,
Eisevier. Znd Ed . 658 p

This book s the most complete relerence
on the topic of inodern and ancient
carbonates. Chapters | and 2 detall the
petrography and ccourrence of modern and
ancientcarbonate particles. Chapters 3and 4
summarize several different and well-studied
environments of carbonate deposition The
ook does not cover ancient sedimentary
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tiliman.J D 1974 Manne Carbonales
Springer-Verlag. 375 p

This book 1s devoled wholly 1o madern
carponate sedunents The first half of the
book 1s an exhaustive doccumentation of
chifferent carbonate particles. the second halt
15 a discussion of modern environments of
carbonate deposition

Wilson, J. L., 1975, Carbonate Facies in
Goeologic History: Springer-Verlag, 471 p.
Chapters 1. 2 and 12 of this book are an
excellent summary of the principles and
stratigraphic aspects of carbonate
sedimentation. The bulk of the textis a
detaled review of carbonate sedimentary
facies at different imes in geologic history

Horowity A S andP FE Potter 1971,
Introductory Petrography of Fossils Springer-
Verlag, 302 p

Chapter 215 a concise miroduchon to
carbonate sedunentology and the remanuer
of the book 15 devoted to the recognition of
varipus skeletal particles in thin section

Ham. W E . ed. 1962 Classihcahon of
Cartonate Rocks. a Symposium Amer
Assoc Potrol Geol . Momarr 1, Tulsa, Okla.,
279p

This symposium contamns severdl papers,
notably those by W F Hamandl ¢ Pray M
W Leighton and C Pendexter, R L Folk. R J
Dunham which, by attempting 1o classify
sedimentary carbonates, outhne succinctly
the unportant factors governing carbonate
sedimentation

Gmsburg R N and N P James. 1974,
Holocene carbonate sedimoents of
Continental Shetves i C A BurkeandC L
Drake eds . The Geology of Continemal
Margins Springer-Verlag. p 137-157

A short arhicle summanzing the
sedimentology of eight different well-studied
areas of carbonate sedimentation in the
maodern ocean
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Gmspurg R N.R M Lloyd K W Stockman
andJ S McCallum, 1963 Shallow Water
Carbonate Seciments M N Hill edt The
Sea Vol 3 p 554-578

Trus articie diustrates how the archutecture
o modern manne carbonate skeletons
govems the grain-size of the resultant
sodirments

Folk B L and R Robles, 1964, Carbonate
Sands of Isla Perez, Alacran Reef, Yocatan
Jour Geol. v 72,p.255-292

A classic study illustrating how two
citferent skeletal organisims, corals and the
codacean alga Halimeda, break down under
chitferent conditions iInto specihic grain sizes
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