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CALCIMICROBES/CYANOBACTERIA (BLUE-GREEN ALGAE)
Taxonomy and Age Range: 

Cyanobacterial stromatolites usually are grouped in the Phylum Cyanophyta — Precambrian (Archean)-Recent
Classification of other microbes is complex, uncertain, and ever changing (generally placed under the Prokaryotes, 

but most of these organisms are really best considered as “microproblematica”).  Organisms once termed 
blue-green algae are now generally termed cyanobacteria.

Ranges of some specific calcimicrobes depicted in this section:
 Girvanella — Cambrian-mid. Cretaceous (Eocene?)
 Epiphyton — Cambrian-Devonian
 Renalcis — Cambrian-Devonian
 Frutexites — Latest Cambrian-Devonian
 

Environmental Implications: 
Many are photosynthetic and therefore require light; non-photosynthetic microbes also are important, especially 

in cryptic settings.  Recognition of photosynthetic forms is especially critical in paleoenvironmental studies.
Wide salinity tolerance from strongly hypersaline to freshwater; rare as dominant sediment formers in modern, 

normal-salinity marine environments.
Wide temperature tolerance: sub-glacial to hot springs settings; most common in temperate- to warm-water 

marine settings.
Marine stromatolites range from subtidal to intertidal settings — intertidal forms predominate today.
A progressive shift occurred from normal-salinity environments in the Precambrian to highly stressed environments 

today, possibly due to the Phanerozoic increase in grazing organisms or interspecific competition.  Cenozoic 
microbial carbonate deposits are predominantly peritidal.

Skeletal Mineralogy: 
Marine forms are mainly aragonitic; incorporated detrital components can have any carbonate or terrigenous 

mineralogy; lacustrine forms are mostly calcitic.
Morphologic Features: 

Most are uncalcified and the remainder have “nonskeletal” or “extraskeletal” calcification largely incidental to 
their growth.  Calcification results from biochemical processes (removal of CO2), but generally is not necessary 
for, or beneficial to, the organismʼs survival.

Calcimicrobial deposits, thus, have no clearly defined and consistent skeletal morphologies (hence the difficulty 
of classifying these microproblematica).  Calcimicrobial deposits are recognized by overall sediment structure, 
by externally calcified filaments or spherical bodies, and by trapped sediment.  Flat-lying laminated sediment, 
domal stromatolites, or clotted, finger-like thrombolite structures are characteristic — shapes vary with 
environmental conditions (water depth, current strength, and others).

Lamination in stromatolites reflects microbial growth through day-night cycles and tidal cycles; those organic 
laminae commonly are interspersed with micritic or peloidal carbonate or terrigenous detritus that was 
deposited during episodic storms.

Non-stromatolitic calcimicrobes typically form lumpy encrustations or small upright “shrubs”.
Keys to Petrographic Recognition: 

 1. Size: Stromatolites are cm to meters in height; laminae are mm- to cm-sized.
 2. A general absence of well-defined skeletal features other than possible carbonate-encased filaments or tubules.
 3. Stromatolites can have an abundance of trapped grains, especially pellets/peloids but also clastic terrigenous 

materials in many cases.
 4. Stromatolites are characterized by planar or contorted laminations with alternations of organic-rich and 

grainy or micritic layers; others have vaguely clotted (thrombolitic) structure.
 5. Stromatolites commonly have fenestral fabrics (elongate pores paralleling lamination).
 6. Planar stromatolites are associated (in Phanerozoic arid settings) with early diagenetic evaporites.
 7. Many microbes can form branching growths of micritic peloids or micritic tubules.
 8. Some form finely laminated micritic or phosphatic encrustations with digitate structure.
 9. Some calcimicrobes form coated grains (oncoids) with scalloped or irregular coatings and with or without 

tubular or filamentous structure.
10. Calcimicrobes also can form lumpy, micritic, localized encrustations of other organisms.



2     PETROGRAPHY OF CARBONATE ROCKS CHAPTER 1: CALCIMICROBES AND CALCAREOUS ALGAE     3

Recent algal preparation

A stained biological preparation of Anabaena 
sp.  These spherical cyanobacterial bodies (for-
merly termed blue-green algae) are linked up 
into chains.  Such coccoid microbes, in combi-
nation with filamentous forms, are common in 
modern stromatolites.  The oversized purple-
stained cells are nitrogen-fixing heterocysts.

Recent algal preparation

A stained biological preparation of Rivularia 
sp. — a filamentous cyanobacteria.  The indi-
vidual cells are stained purple and the mucilag-
inous sheaths are stained green.  A meshwork 
of such interlocking filaments is effective in 
the trapping of terrigenous and/or carbonate 
particles in microbial mats through a baffling 
effect as well as by adhesion to the slightly 
sticky mucilaginous sheaths.

Holocene travertine, north of 
Durango, Colorado

An SEM image of an aragonitic “dumb-bell” 
that is believed to have formed around a clump 
of bacteria.  Similar structures have been 
produced by bacterial action under controlled 
laboratory experiments.  Large calcite crystals 
are visible in the background.  Photograph 
courtesy of Henry S. Chafetz (from Chafetz 
et al., 1991).

PPL, OS, HA = 0.13 mm

SEM, HA = 32 µm

PPL, OS, HA = 0.24 mm
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Holocene travertine, Clark County, 
Idaho

An SEM image of a lightly etched traver-
tine displaying probable bacterial rods (well 
displayed in the area indicated by the black 
arrow) that were encased within calcite crys-
tals.  Bacterial fossils are relatively rare, their 
preservation potential is poor, and they have 
been conclusively identified only in shrub 
and shrub-related structures; thus, shrubs 
(shown later) are the most diagnostic bacterial 
structures. Photograph courtesy of Henry S. 
Chafetz (from Chafetz and Folk, 1984).

Neoproterozoic Shaler Gp., Glenelg 
Fm., Victoria Island, Northwest 
Territories, Canada

A chert nodule from a supratidal microbial 
laminite showing silicified cyanobacterial 
filaments (black arrow points to one of many 
examples) and coccoid cells (white arrow).  
Microbial remains have been identified from 
many localities in Precambrian rocks extend-
ing well back into the Archean.  Photograph 
courtesy of Brian R. Pratt.

Common microbial stromatolite 
growth forms

Modern and ancient stromatolitic structures 
are found in a wide variety of growth forms.  
The main types are shown schematically in 
this classification by Logan et al. (1964).  
Most stromatolites are composed of lami-
nae of trapped carbonate and/or terrigenous 
sediment; generally they are easier to rec-
ognize on outcrop, or in polished slabs, 
than in thin section.  Skeletal elements are 
rarely found in stromatolites although they are 
organosedimentary structures probably cre-
ated primarily by sediment-trapping microbial 
mats.
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SEM, HA = 18 µm

PPL, HA = 0.17 mm
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Recent sediment Deep Lake, Yorke 
Peninsula, South Australia

A stromatolite from a hypersaline lake (a 
coastal salina).  Note microbial peloids and 
encrusted filaments forming small, incipient 
branching structures.  Peloidal “shrubs” nor-
mally are not so well preserved, but more typi-
cally disaggregate, contributing to the peloid 
content of such mat deposits.

Triassic Dachstein Ls., Lofer 
facies, Tirol, Austria

A well developed ancient example of a lami-
nated and contorted stromatolite (loferite).  
The dark reddish-brown color (reflecting 
significant preservation of organic matter), 
slightly pelletal texture, irregular lamination, 
and elongate (“birdseye” or fenestral) pores 
are characteristic of stromatolites, but are 
not always this clearly displayed.  Although 
the stromatolite fabric most likely represents 
growth and sediment trapping in and on a mi-
crobial mat, no microbes were recognizable in 
this deposit (as in most such stromatolites).

Recent sediment, Crane Key, 
Florida Bay, Florida

Detailed texture of a typical intertidal 
stromatolite with interlamination of organic 
zones (cyanobacterial filaments, mangrove re-
mains, and other organic detritus) and zones of 
transported and trapped detritus.  The trapped 
materials include carbonate fecal pellets and 
microbial peloids as well as various skeletal 
fragments, especially bivalves, gastropods, 
and benthic foraminifers.  Note the pro-
nounced fenestral fabric that is characteristic 
of such intertidal stromatolite deposits.

PPL, HA = 5.8 mm

PPL, HA = 5.7 mm

PPL, HA = 3.5 mm
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Up. Permian (lo. Ufimian) Lower 
Solikamskaya Suite, Perm Region, 
Russia

A stromatolitic or thrombolitic deposit show-
ing typical contorted laminations that were 
substantially disrupted by the growth of 
evaporites.  Intertidal stromatolites that grow 
in arid regions are commonly associated with 
gypsum, anhydrite or halite crystals or crystal 
fragments formed by the evaporative concen-
tration and infiltration of water trapped on 
original mat surfaces.

Precambrian, northern Wisconsin

A columnar, stromatolitic boundstone or 
biolithite (original up direction toward the 
right).  Digitate or columnar stromatolites are 
typically of subtidal origin, unlike the nearly 
planar mats of previous images that form pri-
marily in intertidal settings.  The lamination in 
both types of mats, however, results mainly 
from alternating episodes of microbial growth 
and entrapment of transported sediment.  Sam-
ple from Robert Laury.

Oligocene-Miocene hardground, 
Oamaru, Otago, New Zealand

A stromatolitic crust atop a marine hardground.  
The lumpy, digitate, laminated crust is largely 
phosphatic, hence the brownish color in plane-
polarized light and the nearly isotropic ap-
pearance in cross-polarized light.  Although 
a biotic origin of such structures is likely, it is 
difficult to prove in the absence of preserved 
microbial remains.

PPL, HA = 16 mm

PPL/XPL, HA = 7.1 mm each

PPL, HA = 14.5 mm
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Up. Devonian (top Frasnian) Simla-
Blue Ridge Fm., Alberta, Canada

A close-up view of a Girvanella oncoid dis-
playing well developed tubular structure.  Note 
the interfingering of individual filaments and 
the selective precipitation of dense, micritic 
carbonate around the filament sheaths.  It is 
necessary to view thin sections at maximum 
magnifications in order to see such filamentous 
structures and demonstrate a probable micro-
bial origin for particular pisoids.

Oligocene Deborah Volcanic Fm., 
Oamaru, Otago, New Zealand

These are peloidal, calcitic, probably microbial 
branching growths that formed in association 
with basaltic pillow lavas.  The microbes grew 
atop glassy, zeolitic, pillow rinds (the yellow 
material at the bottom of the photograph) 
and extended into open inter-pillow cavities.  
These shrub-like growths were later encased in 
sparry calcite cement, but where uncemented 
they commonly fall apart, generating large 
volumes of small micritic peloids.

Up. Devonian (Frasnian) Sadler 
Fm., Canning Basin, Western 
Australia

Microbial growth can form nodular struc-
tures, as in this Girvanella oncoid (a pisoid 
of bacterial/algal origin), particularly in 
areas of at least episodically strong wave or 
tidal action.  The irregularity and contortion 
of laminations and the preservation of internal 
filamentous fabrics (see following photograph) 
are the main clues to a microbial (probably 
cyanobacterial) origin of such grains.

PPL, HA = 16 mm

PPL, HA = 2.4 mm

PPL, HA = 0.55 mm
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Up. Devonian (Frasnian) Pillara Ls., 
Canning Basin, Western Australia

Lumpy, peloidal accumulations of the mi-
croproblematic genus Renalcis, a possible 
cyanobacterial organism, here encrusting a 
finger-shaped stromatoporoid.  This genus 
is widespread in Cambrian through Devo-
nian strata and formed small, self-supporting 
growths as well as encrustations that may have 
helped to bind other framework organisms.

Lo. Cambrian (Tommotian) 
Pestrotsvet Fm., Siberian Platform, 
Russia

Dendritic growth forms of the widespread 
calcimicrobe or microproblematic organism, 
Epiphyton.  This genus has distinctively thick, 
solid branches.  It commonly forms unusually 
large growths that can be a substantial rock-
forming element in association with other 
framework organisms.  Sample from Noel P. 
James.

Lo.-Mid. Ordovician Cow Head Gp., 
Newfoundland, Canada

Another view of dendritic growths of 
Epiphyton, a possible cyanobacterial organ-
ism.  This genus is quite common in Cambrian 
and Ordovician carbonate strata and has been 
described from rocks as young as Devonian.  
Sample from Noel P. James.

PPL, HA = 4.5 mm

PPL, AFeS, HA = 6 mm

PPL, HA = 16 mm
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Up. Devonian (Famennian) Piker 
Hills Fm., Canning Basin, Western 
Australia

A small branching cluster of Renalcis in an 
allochthonous block of reef within marginal-
slope deposits.  Note the characteristic dense 
micrite within the stacked, branching, domal 
growth stages.  Photograph courtesy of Phillip 
E. Playford.

Up. Devonian (basal Famennian) 
Virgin Hills Fm., Canning Basin, 
Western Australia

A biolithite with iron- and iridium-rich, calci-
fied digitate growths of Frutexites, a possible 
cyanobacterial form.  This deposit formed just 
above the Frasnian-Famennian boundary, a 
time of widespread extinction of many higher 
organisms.

PPL, HA = 4 mm

PPL, HA = 6 mm

Up. Permian (Kazanian?) 
Karstryggen Fm., Jameson Land, 
East Greenland

Calcified. microproblematic, densely branch-
ing growths.  Such calcified arborescent re-
mains have been considered as microbial by 
some workers and as green algal by others.  
The examples shown here were formed and 
preserved in shallow-marine areas with excep-
tionally high rates of marine cementation.

PPL, AS, HA = 8 mm
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Eocene Green River Fm., Laney 
Mbr., Sweetwater Co., Wyoming

Finger-shaped to domal stromatolites of a 
lacustrine alga, Chlorellopsis coloniata (de-
scribed as formed by unicellular coccoid algae 
of uncertain affinities by Bradley, 1929).  The 
laminated, domal or digitate structures are 
typical of stromatolites created by the trapping 
and binding action of organic mats, even if the 
sporangial features (the layers of small spheri-
cal bodies visible throughout the columns) are 
not.  The entire rock has been replaced by chert 
in this example.

PPL, HA = 14.5 mm

Jurassic Morrison-Sundance Fms., 
Park Co., Wyoming

Many structures formed by microbial organ-
isms have problematic phyletic assignments.  
As noted earlier, some of the most charac-
teristic microbial fabrics are branching or 
shrub-like features.  In this example, an Orton-
ella-type alga has formed a radiating cluster of 
calcified tubules.  A number of similar species 
with tubular structures are differentiated main-
ly by their branching patterns and are classed 
by some as microbial structures, but by most 
workers as codiacean green algae (see Wray, 
1977).

PPL, AFeS, HA = 3.6 mm

Up. Permian (Guadalupian) Capitan 
Fm., Eddy Co., New Mexico 

A close-up view of Archaeolithoporella, an 
important encrusting microproblematic organ-
ism in Permian reefs (commonly in close as-
sociation with Tubiphytes and interlaminated 
with synsedimentary marine cements).  It 
has been classed as a calcimicrobial deposit 
by some workers, and as a red alga by others.  
Photograph courtesy of Sal J. Mazzullo.

XPL, HA = 5.0 mm
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Up. Permian (Kazanian?) Wegener 
Halvø Fm., Jameson Land, East 
Greenland

Dense, micritic masses (dark material) that 
may have formed around now-leached or de-
composed grains.  This microproblematicum 
has been classified as Thartharella sp. and it 
may be a cyanobacterial product (although, 
as with most problematic forms, it could also 
have other origins).  Such micritic and peloidal 
encrustations are especially common in rocks 
of this age although they can be found essen-
tially throughout the Phanerozoic rock record.

Up. Permian (Guadalupian) Tansill 
Fm., Eddy Co., New Mexico

A colony of Collenella guadalupensis forming 
a finger-like or domal skeletal structure that is 
part of the reef to near-backreef framework.  
The columns, which are composed of pre-
cipitated, not trapped calcium carbonate, are 
surrounded by typically fossiliferous, shelf 
margin carbonate detritus.  Although viewed 
as a microbial deposit by some, it has been 
described as a probable stromatoporoid by 
others (J. A. Babcock, 2003, written com-
mun.).  This genus is known only from Upper 
Permian strata.

Lo. Jurassic (mid. Liassic) 
limestone, Central High Atlas 
region, Morocco

An example of “clotted” fabric — possible 
bacterial crusts — in a sponge reef.  Patchy, 
dark, micritic or peloidal accumulations, com-
monly found in association with sponges or 
other framework organisms are frequently 
interpreted as microbial precipitates although 
absolute evidence of a microbial origin is very 
hard to find.  The darker patches of micro-
bial material are surrounded here by normal 
micritic carbonate sediment.

PPL, HA = 8 mm

PPL, HA = 6 mm

PPL, BSE, HA = 16 mm
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MARINE GREEN ALGAE

Taxonomy and Age Range: 
Phylum Chlorophyta
    Family Codiaceae — Ordovician-Recent
    Family Dasycladaceae — Cambrian-Recent 
Ranges of some specific genera depicted in this section:
 Halimeda - Cretaceous-Recent
 Mizzia - Permian
 Mastopora - Ordovician

Environmental Implications: 
Photosynthetic and thus require light.  Green algae generally are most common at depths of 2 to 30 m, but some 

heavily calcified modern codiaceans are most abundant at depths of 50-100 m; a few forms extend into water 
depths greater than 100 m.

Wide salinity tolerance ranging from strongly hypersaline to brackish.  Most calcified forms grow mainly in 
warm temperate to tropical areas with near-normal salinity waters.  Also common in reef and near-backreef 
areas and can even form biohermal thickets or mounds.

Important contributors to sand- and mud-sized fractions of modern and ancient carbonate deposits of warm-
water regions.

Skeletal Mineralogy: 
Virtually all aragonite, but some calcitic forms may have existed in the past.

Morphologic Features: 
Modern codiacean green algae (Halimeda, Penicillus and others) form upright, typically segmented, shrubby 

plants about 5-15 cm high.  The segments are composed of extremely small, needle-like aragonite crystals 
(about 5 µm long), especially in surficial areas.  The needles may be dispersed into the sediment upon death, 
forming a major source of carbonate mud (micrite).  Other codiaceans disaggregate into intact, elongate plates 
with organized tubular or filamentous structure that may or may not be preserved after diagenesis.  Paleozoic 
codiaceans also included nodular or crustose forms.

Dasycladacean green algae (e.g., Cymopolia) also consist of segmented, branching shrubs that stand several 
centimeters tall.  Most segments separate on death of the organism and form isolated, generally spherical, 
hollow grains with radially-oriented tubules or wall perforations (utricles).

Keys to Petrographic Recognition:
1.  Aragonitic mineralogy generally results in poor preservation in ancient limestones.  
2.  Typically found as molds or filled molds with only traces of the original tubular fabric or other internal 

structures.  Recognition is facilitated where tubules were filled with Mg-calcite marine cement or where 
micritic sediment infiltrated the plates and was lithified prior to dissolution of aragonite from the plates.  
In such cases, the structure of green algal grains may be a reverse of the original one — pores filled with 
carbonate material and former plates leached to produce voids or secondarily-filled former voids. 

3.  Generally found as small (mm-sized), disarticulated segments rather than complete plants.
4.  Well-defined tubular and/or filamentous structures, where preserved.
5.  Different structures occur in the cortex and medulla regions of many codiacean green algae.
6.  Radial symmetry in dasycladaceans; outwardly-oriented utricles in some codiaceans.
7.  Some calcispheres (small, spherical, single- or double-walled calcareous bodies) and large volumes of carbonate 

mud may be of green algal origin.

PHOTO SCALES AND ABBREVIATIONS ARE EXPLAINED IN THE BOOKʼS INTRODUCTION
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Typical codiacean green algal 
structure

This diagrammatic view of Halimeda sp. 
depicts an individual plate segment and its re-
lationship to the full plant.  Plate walls (cortex 
areas) are perforated with small tubes (utricles) 
and are heavily calcified.  The plate centers 
(medulla regions) are only weakly calcified 
and have complexly intertwined filaments.  
Adapted from Wray (1977) and other sources. 
The approximate scale of the whole bush (left) 
is apparent from the photograph below.

Recent sediment, Florida reef tract, 
southern Florida

Dried samples of four common green algae that 
are significant sediment producers in modern 
Caribbean shelf settings.  From left to right: 
Halimeda, Penicillus, Udotea, Rhipocephalus.  
Halimeda is a prolific carbonate sand former, 
Penicillus is a major carbonate mud former, 
and the other two are more weakly calcified 
minor mud producers.

�������
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Holocene sediment (beachrock), 
Grand Cayman, Cayman Islands, 
B.W.I.

A complete single plate shed by Halimeda sp., 
a green alga (left side in picture above).  Note 
the characteristic yellowish to reddish-colored 
material that is filled with minute aragonite 
needles and a series of tubules (utricles) 
— large ones in the center of the grain (mainly 
oriented parallel to the long axis of the grain) 
and smaller ones near the edges (oriented 
largely perpendicular to the grain margins).  
The tubules have been partially filled with 
syndepositional marine cement.

PPL, BSE, HA = 2.4 mm

Mac, HA = 21 cm
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Recent sediment, Belize

A higher magnification SEM image of a 
Halimeda sp. plate showing details of the 
interlocking aragonite needles seen in the pre-
vious photograph.  Needles such as these are 
found in many species of green algae includ-
ing Penicillus, Udotea, Halimeda and others.  
When the algae decompose, the needles may 
be scattered and add significantly to the local 
production of clay-sized particles (carbon-
ate mud).  The porous structure, the unstable 
mineralogy and the small crystal size make it 
likely that Halimeda plates will be substan-
tially altered during diagenesis.

Recent sediment, Great Bahama 
Banks, Bahamas

A close-up view of a Halimeda sp. plate.  The 
reddish-brown organic tissue is substantially 
calcified, but consists of extremely small crys-
tals of aragonite (a mineral likely to be dis-
solved during later diagenesis).  The utricles 
are clearly visible and here have not been filled 
with syndepositional marine cement.

Recent sediment, Belize

An SEM image showing a cross section 
through a broken Halimeda sp. plate.  Note the 
tubular passageways (utricles), originally oc-
cupied by plant tissues and intervening calci-
fied areas (equivalent to the brownish-colored 
areas in previous photographs).  The calci-
fied areas consist of abundant, interlocked, 
predominantly randomly-oriented aragonite 
needles that constitute the preservable portion 
of the Halimeda plate.

PPL, HA = 2.0 mm

SEM, HA = 113 µm

SEM, HA = 11.3 µm
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Up. Miocene (Messinian) Upper 
Coralline Limestone Fm., Ghar 
Lapsi, Malta

An older example of leached Halimeda grains 
in a limestone in which green algal plates form 
a substantial part of the total sediment.  Note 
the partial preservation of utricles and grain 
outlines that still allow the identification of 
the grains despite the complete leaching and 
porosity formation in the areas of original 
aragonite mineralization.  Such leached platy 
algal deposits can be prolific hydrocarbon 
reservoirs.

Pleistocene Key Largo Ls., Florida 
Keys, Monroe Co., Florida

A close-up view of an even more altered 
Halimeda sp. plate, again from a 120,000 year-
old unit.  Here, the tubules and grain exterior 
are outlined with cement, but the entire original 
mineralized part of the grain has been leached, 
generating substantial intragranular secondary 
porosity.  Structural preservation in this ex-
ample largely was due to the synsedimentary 
formation of micrite envelopes created by 
epiphytic or epilithic cyanobacteria after the 
Halimeda plates fell to the sea floor.

Pleistocene Miami Ls., Dade Co., 
Florida

An extensively altered, roughly 120,000 year-
old Halimeda sp. plate.  Note the filling of 
original tubules (utricles) with blocky meteor-
ic calcite but retention of dark, organic-rich in-
clusions in areas of neomorphosed aragonite.

PPL, HA = ~14 mm

PPL, HA = 0.65 mm

PPL, BSE, HA = 5 mm
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Cretaceous, Albian-Cenomanian 
Tamabra Ls., San Luis Potosi, 
Mexico

A transverse cross section through a 
dasycladacean green alga.  Shows the radial 
symmetry of elements about the central cavity.  
The characteristic features which allow identi-
fication are the presence of radiating tubes and 
a central cavity, coupled with poor preserva-
tion of wall structure.

Oligocene Suwanee Ls., Citrus Co., 
Florida

A probable dasycladacean green algal grain.  
Note the infilling of original pores and outlin-
ing of the grain with micritic sediment or pre-
cipitates that allows recognition of the grain.  
In the absence of such “pore casting” of the 
structure prior to dissolution, the origin of this 
grain would probably not be discernable.

Typical dasycladacean green algal 
structure

Dasycladacean algae are far more widely rec-
ognized in the geologic record than codiacean 
forms.  This diagram (adapted from Wray, 
1977) of Cymopolia sp. shows common char-
acteristics of dasycladaceans — a small, up-
right plants having its thallus or body structure 
radially arranged around a central axis with 
whorls of lateral branches.  Whole plants can 
disarticulate into individual segments.
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������������������

��������������������

����

PPL, HA = 5 mm

PPL, HA = 5.5 mm
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Ordovician Chambersburg Ls., 
Shenandoah Co., Virginia

An early dasycladacean green alga, Mastopora 
sp., showing radially-arranged cortical cups 
along the grain margin, but with no preserva-
tion of any other wall structure.  Note the large, 
sparry calcite-filled, central cavity of this alga.

Up. Permian (Guadalupian) Tansill 
Fm., Eddy Co., New Mexico

A cluster of segments of Mizzia sp., another 
dasycladacean green algae.  This alga has 
hollow, spherical segments perforated by 
tubules that are oriented perpendicular to the 
inner and outer walls.  Preservation is due to 
synsedimentary infill of the tubules and coat-
ing of the grain walls rather than the presence 
of mineralized parts of the original organism.

Up. Permian (Guadalupian) Tansill 
Fm., Culberson Co., Texas

Three Mizzia green algal grains with sub-
stantial intraparticle porosity.  Note the radi-
ally-symmetrical tubules that characterize 
dasycladacean algal remains.  This species was 
a major carbonate sand producer in the near-
back-reef setting, a setting similar to that oc-
cupied by some species of modern codiacean 
algal genus, Halimeda.

PPL, BSE, HA = 3.6 mm

PPL, BSE, HA = 5.8 mm

PPL, HA = 23 mm
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CHAROPHYTES

Taxonomy and Age Range: 
Charophytes are a group of green algae that apparently share a common ancestor with land plants; RNA and 

DNA evidence indicates that charophytes are the closest non-plant relative of land plants.
Traditionally placed in the Phylum Charophyta, and separated from other green algae by placement in the Class 

Charophyceae — Late Silurian-Recent.

Environmental Implications: 
Photosynthetic and thus require light for growth.
Modern examples are found in fresh to brackish waters (with rare occurrences in saline waters); charophytes 

are most common in lacustrine settings, especially clear-water, alkaline/calcium-rich lakes.  Fossil forms are 
widely distributed in nonmarine rocks, especially in shales and limestones, but also extend into rocks deposited 
in brackish and perhaps even more saline environments (Racki, 1982).  It should also be remembered that 
calcified reproductive parts (oogonia) can be readily transported into marine waters by rivers and streams.

Charophytes can be significant rock-forming elements as well as useful biostratigraphic markers, especially in 
Cenozoic lacustrine deposits.

Skeletal Mineralogy: 
Almost all are low-Mg calcite, but aragonite has also been recorded; low-Mg calcite is also the dominant inorganic 

cement around plant stems in lacustrine settings.

Morphologic Features: 
Modern charophytes, commonly known as stoneworts or brittleworts, grow as bushy plants up to 60 cm tall with 

whorls of short branches and attached oogonia.
Carbonate can be precipitated as plant stem encrustations (in the same way that many other plants may 

get encrusted in shoreline or spring-related travertines), but the reproductive organs (termed oogonia or 
gyrogonites) are the only parts that are substantially calcified by the organism themselves.

Keys to Petrographic Recognition:
1.  Calcified oogonia are generally the only clearly identifiable charophyte forms.
2.  Oogonia are recognizable as ovoid to circular bodies, roughly 0.5 to 1 mm in diameter, with spirally arranged 

tubules that form external ridges.
3.  Most common appearance is as a large central cavity ringed by smaller circular to ovoid features (that represent 

cuts through the external spiral tubules).  Wide separations between adjacent charophyte tubules and their 
spiral arrangement help to distinguish charophyte remains from those of dasycladacean green algae.

4.  When found, they commonly occur in large numbers.



18     PETROGRAPHY OF CARBONATE ROCKS CHAPTER 1: CALCIMICROBES AND CALCAREOUS ALGAE     19

���������
�����������
����������

���������
������

Up. Pleistocene lacustrine 
sediment, U.S.A.

An SEM image of the calcareous outer cover of 
the female reproductive structure (oogonium) 
of a charophyte.  Note the spirally arranged ex-
ternal cortical tubes that give the grain a ribbed 
appearance.  Photograph courtesy of Walter E. 
Dean (taken by Richard M. Forester).

Characteristic features of a typical 
charophyte alga

The structure of a modern charophyte, Chara 
sp., is shown on this diagram, adapted from 
Wray (1977).  The oogonia are calcified, 
and thus they are the most likely parts to be 
preserved in sediments.  Stems may also be 
encased in externally precipitated calcite (trav-
ertine, for example) and thus may be preserved 
as casts.  Scale of plant is illustrated in photo-
graph below.

Holocene of Green Lake, 
Fayetteville, New York and Blue 
Hole, Ohio

Macroscopic views of charophyte deposits: a 
living charophyte (Chara sp.) containing about 
50% dry weight CaCO3 (right) and carbonate 
mud that consists mostly of low-Mg calcite de-
rived from charophytes (left).  The right-hand 
picture shows low-Mg calcite encrustations 
around charophyte stems.  Photographs cour-
tesy of Walter E. Dean.

SEM, HA = 0.78 mm

Mac, L: HA = ~18 cm; R: HA = ~3 cm
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Up. Devonian Yaosoo Fm., Dushan, 
Guizhou Province, People’s 
Republic of China

Calcified gyrogonites (oogonia) are also rec-
ognizable in thin section.  These are examples 
of some very early probable charophytes; they 
show distinctive outlines with vertical ribbing 
and the well-preserved fabric of originally 
calcitic grains.  Photograph courtesy of Albert 
V. Carozzi (see Carozzi, 1993; reference given 
in reference list at end of this bookʼs Introduc-
tion).

Recent lacustrine sediments, 
U.S.A.

A cross-section through a single organically 
stained oogonium of Chara sp. that is still 
attached to the plant stem.  Note the hollow 
central cavity (black) surrounded by cortical 
tubes that are spirally arranged around the 
oogonium.

Up. Jurassic, Portlandian 
(Purbeckian), Salève, France

A calcareous mudstone with Chara sp. oogonia 
showing characteristic wall structure with spi-
ral arrangement of cortical tubes.  Photograph 
courtesy of Albert V. Carozzi (see Carozzi, 
1993; reference given in the Introduction sec-
tion of the book).

PPL, HA = 2 mm

PPL, HA = 3 mm

PPL, OS, HA = 1.8 mm
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Recent sediment, Elk Lake, 
Clearwater Co., Minnesota

An SEM image of Phacotus sp., a plank-
tonic, lacustrine organism.  Although not a 
charophyte, it is both a green alga and one of 
the few calcareous planktonic organisms that 
contributes carbonate to lacustrine sediments.  
It thus is commonly found in association with 
charophytes in such deposits.  Photograph 
courtesy of Walter E. Dean.

Lo. Cretaceous Newark Canyon 
Fm., Nevada

Oblique sections through the reproductive 
parts of two charophytes again showing varia-
tions in views of the central cavity and sur-
rounding cortical tubes.

Lo. Cretaceous Newark Canyon 
Fm., Nevada

A transverse section through a calcified gy-
rogonite (oogonium) of a charophyte, showing 
the characteristic central tube with surround-
ing cortical tubes.  The distinctness of the 
individual cortical tube walls and the qual-
ity of their preservation helps to distinguish 
such charophyte grains from similar appear-
ing dasycladacean green algal remains.  In 
this section and the one below, however, the 
characteristic spiraling of the tubules is not 
discernable.

SEM, HA = 15 µm

PPL, HA = 2.1 mm

PPL, HA = 2.7 mm
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RED ALGAE

Taxonomy and Age Range: 
Phylum Rhodophyta: Cambrian - Recent
 Family Corallinaceae: Jurassic-Holocene (possible late Paleozoic forms)
 Family Solenoporaceae: Cambrian-Paleocene (Miocene??)
 Family Squamariaceae: Pennsylvanian?-Holocene
 Family Gymnocodiaceae: Permian-Cretaceous

Environmental Implications: 
Photosynthetic — require light, but are the algal group best adapted to use the blue light that penetrates into deep 

waters.  Thus, some may be found to depths of 125 m or more.
Dominantly marine (about 2% live in fresh water); most live in waters with salinities ranging from 33-42 ppt.
Wide temperature latitude — allows them to be an important component of both cold- and warm-water 

carbonates and therefore makes them difficult to use as paleoclimate indicators.
Fragile, branching forms are found in moderate wave energy areas.  Encrusting, nodular, and robust branching 

forms can withstand very high wave energy.  Indeed, red algal encrusters are the dominant binding organisms 
in most Cenozoic to modern reefs.

Skeletal Mineralogy: 
Coralline red algae are/were composed of very high-Mg calcite (8 to >30 mole% Mg); squamariaceans are 

dominantly aragonite.

Morphologic Features: 
Red algal grains typically are cm-sized although crustose forms can reach decimeter size.
Members of the red algae have several growth habits: a) as fragments of encrusting, nodular and rigid, branching 

plants, b) as erect, articulated, branching or arborescent forms, c) as massive encrusters and binders, and d) 
as coatings on other grains (forming rhodoids or rhodoliths).

Keys to Petrographic Recognition: 
1. The heavy calcification and original high-Mg calcite composition of many red algae leads to very good 

preservation of both internal structures and external outlines.
2. Coralline red algae (and most other red algae) are most easily identified by their very fine-scale reticulate, 

cellular or latticework internal structure that reflects the filamentous fabric of these organisms.  High 
magnification and/or ultra-thin sections may be needed for recognition of this structure.

3. Reproductive (spore producing) bodies commonly are present in coralline red algae.  Small, individual, 
spherical cavities are termed sporangia; sometimes these can be merged into a larger cavity, termed a 
conceptacle.

4. There is a clear differentiation between external (perithallus) and internal (hypothallus) structural layers in 
many coralline red algae.

5. Solenoporoids are characterized by radiating or sub-parallel tubular or filamentous structures; cells show 
polygonal shapes in transverse section; they lack conceptacles and are found as encrusting, rounded or 
nodular masses.

6. Squamariacean red algae have poorly-preserved structure due to their aragonitic composition — structure is 
visible mainly where early sediment infiltration or cementation occurred (illustrated in the following section 
on phylloid algae).

PHOTO SCALES AND ABBREVIATIONS ARE EXPLAINED IN THE BOOKʼS INTRODUCTION



22     PETROGRAPHY OF CARBONATE ROCKS CHAPTER 1: CALCIMICROBES AND CALCAREOUS ALGAE     23

�����������

����������

�����

�����������

���������

�������

��������������������������������

����

Recent sediment, St. Peter’s 
Parrish, Barbados

This modern crustose coralline red algal grain 
shows differentiation of cellular structure 
in inner and outer layers.  The outer layer 
(perithallus) has denser structure and cells 
oriented outward; the inner layer (hypothallus) 
has a series of light and dark bands and cell 
structure oriented parallel to the long axis of 
the grain.  Compare with diagram at top of 
page.

Characteristic structures of a 
representative coralline red alga

The crustose coralline algae, illustrated here 
by Lithophyllum sp., are the most heavily cal-
cified of the modern red algae.  They have a 
reticulate cellular (filamentous) structure with 
an exterior layer (perithallus) that is differenti-
ated from the interior (hypothallus), as seen in 
this diagram adapted from Wray (1977).  Re-
productive organs (sporangia or conceptacles) 
may also be present.  Coralline red algae were 
important sediment formers from the Jurassic 
to the Recent.

Characteristic structures of a 
representative segmented red alga

Not all coralline algae are encrusters or rig-
idly branched — articulated forms, such as the 
Corallina sp. shown here in a diagram adapted 
from Wray (1977), also are common.  Their 
calcified segments disarticulate upon death 
and are contributed to the sediment.

PPL, BSE, HA = 0.6 mm
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Oligocene Lower Coralline 
Limestone Fm., Malta

An irregularly-shaped crustose coralline red 
algal nodule (termed a rhodoid) showing 
characteristic fine-scale cellular structure with 
distinct, lighter-colored rows of small, spore-
bearing reproductive bodies (sporangia).

Pliocene-Pleistocene limestone, 
Boca Grandi, Aruba

A crustose coralline red algal grain showing 
differentiation of cellular structure — the 
hypothallus in the lower part of the photograph 
and the perithallus with a reproductive organ 
(termed a conceptacle) in the upper part.  The 
regular, and extremely small-scale boxwork 
structure of both layers is the most diagnostic 
feature for recognition of red algae.

Recent sediment, Grand Cayman, 
Cayman Islands, B.W.I.

A modern crustose coralline red algal grain 
showing both diagnostic cellular structure and 
a series of reproductive bodies (sporangia), 
some of which are porous whereas others have 
been filled with sparry calcite.  The high-Mg 
calcite composition of coralline red algae gen-
erally leads to excellent preservation of their 
skeletal structure.

PPL, BSE, HA = 14.5 mm

PPL, BSE, HA = 0.65 mm

PPL, HA = 1.6 mm
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Mid. Eocene Naranjo Fm., Coamo 
Springs Mbr., Ponce-Coamo area, 
Puerto Rico

An example of a branching crustose coralline 
red alga.  Such forms are quite brittle and sub-
ject to breakage, making them substantial con-
tributors of fragmental material in reef-slope, 
back-reef, or shelfal settings.  Sample from E. 
A. Pessagno, Jr.

Eocene Totara Fm., Up. Rhodolith 
Ls., northern Otago, New Zealand

A close-up view of irregular, sheet-like, 
crustose coralline red algal encrustations in a 
rhodoid.  The spar-filled gaps between succes-
sive layers of red algal encrustations are quite 
common in rhodoids.  The spherical rhodoid 
grains in the rock from which this example is 
taken are 2 to 4 cm in diameter

Up. Miocene (Tortonian-Messinian) 
Upper Coralline Limestone Fm., 
Malta

A cool-water sediment with multiple layers or 
plates of red algal material (probably Meso-
phyllum or Lithophyllum) forming sheet-like 
seafloor encrustations.  Crustose coralline red 
algae are a very important contributor to cool-
water carbonate deposits (extending even into 
polar waters).  Despite being photosynthetic 
organisms, red algae are found even at water 
depths in excess of 100 m.  The surrounding 
sediment is a silty, detrital limestone.

PPL, HA = 10 mm

PPL, BSE, HA = 12.5 mm

PPL, HA = 5 mm
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Cretaceous (Albian-Cenomanian) 
Tamabra Ls., San Luis Potosi, 
Mexico

Not all preserved ancient red algae are 
corallines.  This example shows several 
types of encrusting algae.  The large tubular, 
encrusting form may be a solenoporoid red 
alga, whereas the dark, micritic, irregular 
forms above and to the left are other red algal, 
cyanobacterial, and possibly other encrusta-
tions.  This illustrates the complex intergrowth 
of algal types and their importance in stabiliz-
ing reef material (such as the poorly preserved 
rudistid fragments seen along the bottom edge 
and the upper left and right corners of the im-
age).

Recent sediment, San Juan harbor, 
Puerto Rico

Some genera of red algae, the segmented 
corallines, are articulated, with individual 
hard segments held together by soft tissue (see 
diagram at the beginning of the red algal sec-
tion).  This example shows both longitudinal 
and transverse cuts through an intact modern 
segmented red alga, probably Jania sp.  These 
organisms can be prolific contributors to the 
sand-sized fraction of carbonate sediments.

Pleistocene (125 ky) Coral Rock 
Fm., St. Philip Parish, Barbados

An example of pieces of a possible segmented 
red alga in near-reef sediment.  Note the pro-
nounced growth banding and fine-scale cellu-
lar structure.

PPL, BSE, HA = 3.2 mm

PPL, BSE, HA = 2.4 mm

PPL, HA = 4.5 mm
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Pennsylvanian Marble Falls Ls., 
San Saba Co., Texas

A view of a branching (ramifying) microprob-
lematic organism, Mazloviporidium sp. (syn. 
Cribroporidium, Contortoporidium), consid-
ered by some workers to be a red alga.  It is 
confined to Middle Carboniferous strata and 
probably formed upright, branching thickets.  
Despite the moderately good preservation 
of this sample, it is considered to have been 
originally aragonitic (Groves and Mamet, in 
Toomey and Nitecki, 1985).

Cretaceous (Albian-Cenomanian) 
Tamabra Ls., San Luis Potosi, 
Mexico

Preservation in some calcareous algae is poor, 
indicating a probably aragonitic original com-
position.  Although most red algae were cal-
citic, a few modern and ancient forms are (or 
were) aragonitic.  This poorly preserved grain 
is clearly of algal origin but could be either a 
red or a green alga.

Mid. Ordovician Black River Gp., 
Kingston, Ontario, Canada

The characteristic simple (undifferentiated) 
elongate cellular or tubular fabric of the red 
alga Solenopora sp. is well shown in this ex-
ample of a relatively early form.  Sample from 
Noel P. James.

PPL, HA = 9 mm

PPL, AS, HA = 12.5 mm

PPL, HA = 6 mm
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PHYLLOID ALGAE
Taxonomy and Age Range: 

Complex and problematic taxonomy — some may have been related to modern squamariacean red algae; others 
may have been codiacean green algae; because of their abundance and significance as reservoir rock-formers, 
they are presented here as a separate grouping.  The term phylloid algae, is descriptive rather than genetic, 
and is especially useful because such algae generally were strongly altered by diagenesis and exhibit few 
diagnostic features.  Indeed, the term “phylloid algae” was specifically coined to describe the full spectrum of 
Late Paleozoic, poorly preserved, platy, calcareous algal remains that cannot be identified to generic level.

Pennsylvanian (Late Carboniferous)-Late Permian
Environmental Range: 

Photosynthetic — required light and probably grew in very shallow water; some modern codiacean green algae 
of similar shape, however, are found in abundance in water depths greater than 50 m.

All are marine, generally in normal salinity environments.
Common in shallow-shelf settings; formed biohermal to biostromal buildups and are also found isolated within 

shelf sediments.
Skeletal Mineralogy: 

Mainly aragonite, but a few forms are inferred to have been high-Mg calcite.
Morphologic Features: 

Grew as individual, platy (leaf-like) or cup-shaped structures (probably much like the modern green alga, Udotea 
sp., illustrated on p. 13), typically a 2 to 10 cm in length and only about 0.5 to 1 mm in thickness.  

Most phylloid algae apparently stood upright, but are only preserved that way where stabilized by extensive 
marine cementation.  More typically they are found as fallen and/or as reworked and fragmented plates.  
Reconstructions of some of the more elaborate growth forms are shown below, but most phylloid algae had 
much simpler leaf-like or bladed forms.

Keys to Petrographic Recognition: 
1. Thin, platy grains typically a few cm long and a mm or less in thickness.
2. Phylloid algal grains are similar to bivalve fragments; however, phylloid algal grains have more irregular 

shapes (wavy, corn flake or potato chip-like forms, rather than the regular curvature of bivalves) and do not 
have the hinge structures seen in bivalves.

3. Ends of phylloid algal plates in some species thicken slightly (unlike bivalve shells that thin at non-hinge 
edges).

4. Generally little or no preservation of internal structure due to original aragonite mineralogy — most often 
only a micritic rim is visible, but in some cases, one can still see a series of mud- or cement-filled tubules within 
the exterior portions of the grains.

Reconstructions of complex 
phylloid algae

Left: Artistʼs reconstruction of complex, cup-
like phylloid algae that formed biohermal 
buildups in the Lower Permian (Wolfcampian) 
of New Mexico.  Other phylloid algae most 
likely had simpler, platy or leaf-like morpholo-
gies.  Courtesy of Robert B. Halley.

Right: Reconstruction of a phylloid alga, 
Eugonophyllum.  External shape of organism 
supplied by Cross and Klostermann (1981) 
based on serial slabbing of neomorphosed 
thalli.  Internal morphology added by Kirkland 
et al. (1993), based on thin sections of broken, 
still aragonitic thalli.
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Up. Pennsylvanian (Virgilian) Upper 
Magdalena Gp., El Paso Co., Texas

A moderately well preserved phylloid alga 
showing several characteristic features — 
filled primary tubules preserved along some 
of the grain margins, a flared end to one of the 
plates, and somewhat irregular grain shapes 
and sizes.  These grains clearly were originally 
aragonitic, and the structure was preserved 
only through filling of tubules and or outlin-
ing of external forms by micritic sediment or 
cement.
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Characteristic fabrics of three 
common phylloid algae

The originally aragonitic phylloid algae 
typically show poor structural preservation, re-
gardless of whether they had green or red algal 
affiliations.  This diagram, adapted from Wray 
(1977) shows three important phylloid algal 
genera of probable green algal affinity.  Cal-
cifolium had a simple, undifferentiated (mono-
stromatic) arrangement; Eugonophyllum and 
Ivanovia were differentiated into medullary 
and cortical regions.  The darker colors on 
the diagram represent areas with more intense 
calcification, and therefore greater probabil-
ity of structural preservation, although most 
preserved structure resulted from secondary 
micritic infilling of primary tubules. 

PPL, HA = 4.5 mm

Up. Pennsylvanian (Virgilian) Upper 
Magdalena Gp., El Paso Co., Texas

Another example of a fairly well preserved 
phylloid alga.  Extensive infilling of mar-
ginal tubules with micritic sediment or 
aphanocrystalline cement has given the more 
calcified grain margin a characteristic scal-
loped appearance.

PPL, HA = 2.4 mm
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Pennsylvanian (Desmoinesian) 
Minturn Fm., Robinson Mbr., Eagle 
Co., Colorado

A more typical example of possible phylloid 
algae with very poorly-preserved wall struc-
ture.  Despite the absence of internal fabrics, 
the squared and slightly flaring ends of the 
grains allow their differentiation from other-
wise similar-looking, neomorphosed (origi-
nally aragonitic) bivalve shells.

Up. Pennsylvanian (Missourian) 
Canyon Gp., Winchell Ls., near 
Ranger, Texas

A close-up view showing details of a moder-
ately well-preserved phylloid algal plate.  In 
this species, long and straight marginal tubules 
were partially cemented at an early stage.  Sub-
sequent dissolution of the primary aragonite of 
the algal plate left the tubules hanging into 
void space.  That space was later filled with 
sparry calcite cement but, in other examples, 
leached phylloid algal plates were not infilled 
and now make outstanding hydrocarbon reser-
voirs.  Sample from Robert Laury.

PPL, HA = 0.5 mm

PPL, HA = 3.5 mm

Lo. Permian (Wolfcampian) Hueco 
Ls., Doña Ana Co., New Mexico

The relationships between phylloid algae and 
other algal groups are problematic — some 
probably were red algae, others most likely 
were green algae, and many are impossible to 
classify definitively.  This nodule (rhodoid or 
rhodolith), for example, was constructed by an 
unusual encrusting, platy, ancestral coralline 
red alga, Archaeolithophyllum lamellosum.  
Such irregular, platy forms are very similar to 
some free-standing phylloid algae, showing a 
probable linkage between red algae and at least 
some phylloid algae.

PPL, HA = 12.5 mm
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Recent sediment, Bermuda

A plan view of the overlapping foliose sheets 
of living squamariacean red algae (of the 
genus Peyssonnelia) from 5-m water depth. 
These aragonitic algae are considered by some 
workers to be the closest modern relatives of 
Paleozoic phylloid algae.  Photograph courtesy 
of Noel P. James (James et al., 1988).

Pennsylvanian limestone, west of 
Fort Worth, Texas

A view of two probable Archaeolithophyllum 
sp. plates (the same genus as shown in the 
previous photograph).  These red algae have 
fairly well-preserved internal cellular struc-
ture.  These examples, however, are not en-
crusting but rather had the free-standing, platy 
morphology typical of phylloid algae.

Pennsylvanian limestone, west of 
Fort Worth, Texas

A closer view of an example of the 
Archaeolithophyllum sp., from the same thin 
section depicted in the previous photograph.  
Note the excellent preservation of internal 
cellular structure (which does not closely re-
semble the marginal tubules of the phylloid 
algae depicted earlier).

PPL, HA = 2.0 mm

PPL, HA = 4 mm

Mac, HA = 9.7 cm
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Recent sediment, Bahamas

An SEM image of Peyssonnelia sp., a modern 
squamariacean red alga.  Shown are a vertical 
section of cellular thallus above (perithallium 
and basal hypothallium) and dense hypobasal 
aragonite below.  The holes in the hypobasal 
layer are tubular rhizoids.  Photograph cour-
tesy of Noel P. James (James et al., 1988).
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