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LABORATORY STUDIES IN PALEONTOLOGY

TOOLS of BIOSTRATIGRAPHIC CORRELATION:

FORAMINIFERA and other MICROFOSSILS
A microfossil is any fossil that is studied by means of a microscope because it is too small to be otherwise examined.  Why does the size of microfossils make them more useful than larger fossils (“macrofossils”) in the dating and correlation of subsurface sedimentary strata (1)?
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Foraminifera.  The forams belong in the Kingdom Protista (the terms Protoctista and Protozoa are also used in other texts). 

Like amoebas, these organisms are able to carry on all the essential body functions within a single cell.  The living foram consists of a mass of protoplasm, with one or more nuclei. At the edge of the cell, branches or extensions called pseudopodia join together to form a netlike peripheral zone.  

The forams secrete a shell, usually called a test, which has an aperture. The test is pierced by many small holes called mural pores.  The test is internal, i.e. filled and covered with living protoplasm. The name Foraminiferida is derived from the foramen, (plural foramina) , which is the connecting hole through the wall between each chamber.
The order Foraminiferida is defined on the basis of the soft parts. Forams are then subdivided into suborders based on the test  composition: agglutinated (the Textularines), or calcareous (e.g. the Fusulinids, Miliolids, Rotalines, Globigerinids).  The organic tests of the Allogromines are rarely preserved.

The earliest known forams were probably allogromids, i.e. with organic-walled tests, from early Cambrian rocks. Allogromines are still around today. According to the diagram below, in which aquatic environment(s) are they the dominant type of foraminifera (2)?
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[image: image1.png]Figure 1. The shallow marine benthic
foraminifer Elphidium. Note the fine
cytoplasmic threads extending from the
spirally coiled chambered shell (from
Culver, 1987).




[image: image5.png]Figure 2. Agglutinated test with biserial
chamber arrangement.
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Suborder of the TEXTULARINES : the agglutinated foraminifers

The early textularids are the first hard-walled forams, appearing in the Cambrian with the addition of a simple sandy coating.  The agglutinated (sometimes called arenaceous) tests are composed largely of sand grains cemented by chitin, silica, or calcite.  Some forams are very specific in their choice of material to build their agglutinated tests, choosing only sponge spicules, mica flakes or even sand grains of a certain colour!

Use the models or the mounts (and stereomicroscope) of Saccamina or Ammodiscus to match these generic names to the correct pictures of agglutinated foraminifers shown above (label your answers 3a, 3b and indicate for each genus name the correct match among the pictures above, i.e. left, center or right)

Do agglutinated tests indicate a benthonic or planktonic mode of life (4a)? How can the test composition of fossil specimens suggest a shallow or deep-water environment (4b)?

The benthic CALCAREOUS suborders: 

FUSULINES (microgranular), MILIOLINES (porcellaneous), ROTALINES (hyaline)

Other forams secrete their tests from ions dissolved in saline water. Calcareous tests are made of small calcite or aragonite crystals. Life habit (benthonic or planktonic) and the arrangement of the crystals (random or in distinct layers) define the most common suborders. Other characteristics such as chamber number, shape and arrangement, aperture and other accessory structures are used to define families.

The simplest form of test is a single spherical chamber.  The first chamber (called proloculus) may become too small as the protoplasm grows. Successive chambers are formed to accommodate the growing cell.  The protoplasm then increases greatly in volume by absorbing water, streams out of the aperture forming a mass of the shape of the next chamber, and secretes calcite (CaCO3) crystals on the margin of this mass until they join to form the outline of the new chamber.  The protoplasm then shrinks by expelling water until it only partly occupies the new chamber. The cell continues to grow until the process must be repeated.  In this way a series of chambers build up a complex test.
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Find one of the actual specimens on a cardboard mount and compare its size to the dimensions of the corresponding cast. How much larger than the actual shells are the casts (5)? If you sketch any specimens from the models in this laboratory exercise, adding a bar scale would be meaningless.
The chambers of the foraminiferal test are secreted in a variety of patterns best illustrated by a series of plaster casts.

Examine the plaster casts of the various forams and find a total of six that illustrate each one of the following kinds of tests:

- unilocular (6a)

- uniserial   (7a)

- biserial (8a)

- biserial-uniserial (9a)

- planispiral (10a)

- trochoid spiral (11a).
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Note that the texture of the cast indicates whether the shell is agglutinated (granular surface) or calcareous (smooth surface).  Identify the compositions of the six tests you have just selected (6b...11b) and give the genus name as written on the model.
Are some of tests imperforate? They are of the PORCELLANEOUS type, likely from the Suborder MILIOLINA.  The chambers of miliolids are often long, sausage-shaped with a constant angle of coiling. The calcareous tests of the Suborder ROTALIINA are generally perforate but very diverse in shapes.  The calcareous tests of the Suborder GLOBIGERININA generally have the largest and most numerous pores.

Can you find a test shape occurring in more than one Suborder? Give the corresponding genera and their suborder, and name the test shape they share (12a, 12b, 12c).

Find, among tests set aside for this exercise, examples of four different types of apertures   (13a, 13b, 13c and 13d). Draw the shape of the aperture (only), give the genus name and identify the type of aperture tby one of the terms shown in the chart to the right.

The first calcareous tests found in the fossil record are those of the fusulines, found in Devonian rocks, and probably evolved from allogromids in the Silurian. The fusuline family, extensively used for dating Devonian to Permian limestones, disappeared in the end-Permian extinction. Their tests look like grains of rice in the rock. Species identification requires thin sections cut parallel and at right angles to the axes of coiling.



Observation only. Examine a specimen of the common mid-Pennsylvanian genus Triticites.  Pseudoschwagerina is a very large genus of Early Permian age.  Examine also the hand specimens and thin section drawings from fusuline-rich limestone.

The tests of the fusulinids is microgranular, giving them a sugary appearance.  How are the calcium carbonate crystals oriented within the test wall (14)? A diagram of crystalline test structures is provided in the laboratory.
HYALINE FORAMS: Suborder of the ROTALINES (benthic) and suborder of the GLOBIGERINIDS (planktonic)

Shortly after their appearance, the fusulines gave rise to the first foraminifera with a simple calcitic hyaline  (glassy) wall.  Hyaline calcaerous forams became dominant during the Mesozoic, after the demise of the fusuline and diversified in many of the major groups of benthonic forams that survive to this day.  The multilamellar hyaline test confers certain advantages to its owner. Compare its microstructure to those of the microgranular and porcellaneous tests (15). It is strong yet it allows light to pass easily into the interior of the test.  Certain forams therefore developed symbiotic relationships with photosynthetic organisms hosted within their cytoplasm, restricting their distribution to the photic zone (water depth < 200 m).


By Cretaceous times, the rotalines were the most important forams in shelf settings where they remain the dominant benthonic group right up to this day.

Most forams lived and still live on the bottom of the ocean in shallow water.  The suborder of the globigerinids is the only one where some forams adopted a planktonic mode of life. The families Globigerinidae and Globorotaliidae became planktonic in Cretaceous time when their very abundant tests were responsible for the formation of the pure white limestone called chalk (see specimen on display).
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Find the model of Globigerina. How would you describe the shape of each chamber (16a)? Is the pattern of coiling planispiral or trochospiral (16b)? How has the coiling pattern of some planktonic foraminifers (such as Neoglobigerina pachyderma, shown on the left) been used in paleotemperature reconstructions (16c)?

Observation. With a stereomicroscope examine the deep sea oozes (through the glass of the box).  

One of the most complex hyaline tests was secreted by Nummulites, a genus so common in the Eocene of Europe that the epoch is sometimes referred to as the Nummulitic Period. These foraminifers were named after a small coin called nummulus. Herodotus (fifth century BC) noted their presence in the limestone of the Egyptian pyramids.
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Nummulites is also a good example of the dimorphism caused by the alternation of sexual and asexual generations that characterizes many foraminifera. Examine the specimens of nummulitic limestone from Egypt (the pyramids are built of this stone).  There are two sizes of test present. 
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 If you could see the first chamber at the center of the disk, you would find that the large specimens (called the microspheric  form) have a small first chamber. The small specimens (the megalospheric form) have a large first chamber.  Use Fig. 4.20 (on the left) to identify which ones (large microspheric individuals or small megalospheric individuals) are the result of sexual reproduction (17a) and which ones are the result of asexual reproduction (17b).

Studies of modern calcareous foraminifera have recognised correlations between test wall type (for instance porcellaneous, hyaline, agglutinated), paleodepths and salinity by plotting them onto triangular diagrams. According to the diagram (lower right) in which marine (or marginal marine) environments are calcareous forams less abundant than agglutinated forams (18a)? What aspect of the seawater chemistry is being investigated as a potential controlling factor (18b) in this example?  According to that diagram, in which marine environment would you expect to find the greatest diversity of foram types (18c)?
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Conodonts
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Called "fascinating little whatzits" by some, these fossils are generally 1-8 mm long and composed dominantly of fluorapatite (fluorine-rich calcium phosphate). They are sometimes found in assemblages of up to six different elements that must have belonged to the same animal. The identity of the conodont animal remained unknown until a nearly complete specimen was found in Scotland, in 1983.  Yet they have been exceptionally useful as index fossils since their discovery, in 1856. They are found in marine deposits, commonly in black shales associated with graptolites, radiolarians, fish remains, brachiopods, cephalopods, trilobites and palaeocopid ostracods.
Examine the casts of conodonts. How do they compare with the size of actual fossils? 

Sketch one example each of coniform, ramiform (branching, ray-shaped), rastrate (rake-like) and pectiniform (comb-shaped with a platform) elements from the models (19a). Why are conodonts usually recovered by dissolving the surrounding rock in acid (19b)?

Conodonts are also used to determine the degree of heating undergone by the rock in which they occur. Their colour (light amber, black, gray or clear) is an indicator of the maximum temperature to which the fossil was subjected after burial. The colour varies with changes in the composition of organic matter.

Ostracods
These small arthropods are crustaceans and resemble shrimps protected by a two-valved shell carried on their back. 
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Examine the slabs showing Paleozoic ostracods. Their shells are much smaller than those of most most bivalves (e.g. oysters, clams). What is the range in size (20a)? Why do they  lack the annual growth ridges seen on many bivalve shells (20b)?

Ostracods are useful index fossils in non-marine sedimentary rocks. Why would you expect other types of fossils to be scarcer in non-marine rocks than in marine rocks (20c)?

