INVERTEBRATE PALEONTOLOGY GEOL-4030

Lecture 2: Microfossils
Taxonomy

Prothero Chapter 4, p. 47-49

Taxonomy

Systematics

Species

Morphology

Prokaryotes

Eukaryotes

Microfossils
Prothero Chapter 11 
Includes spores and pollen (Kingdom Plantae) and conodonts and ostracods (Kingdom Animalia)

Condonts 
Prothero Chapter 17 p. 353-356

Coniform elements

Ramiform elements

Platform elements

Kingdom Protista
Prothero Chapter 11

Includes animal-like protistans, foraminifera and radiolaria

And plant-like protistans, diatoms and coccolithophorids

Also includes dinofalgellates and acritarchs

1) Kingdom Protoctista (foraminiferans, amoeba, algae, diatoms)


Phylum Granuloreticulosa

Class Foraminifera

Organic wall

Order 1    ALLOGROMIIDA (organic shell wall)

Agglutinated wall

Order 2    ASTRORHIZIDA (proteinaceous or mineralized matrix)

Order 3    LITUOLIDA (proteinaceous or mineralized matrix)

Order 4    TROCHAMMINIDA (proteinaceous or mineralized matrix) 

Order 5    TEXTULARIIDA (low-Mg calcitic cement)

Secreted calcium carbonate wall

Order 6    FUSULINIDA (extinct; microgranular, calcitic wall)

Order 7    MILIOLIDA (high-Mg calcite wall; porcelaneous)

Order 8    CARTERINIDA (low-Mg calcite wall; large spicules in a matrix of small)

Order 9    SPIRILLINIDA (low-Mg calcite wall; single crystal)

Order 10  LAGENIDA (low-Mg calcite wall; perforate)

Order 11  BULIMINIDA (low-Mg calcite wall; perforate)

Order 12  ROTALIIDA (low-Mg calcite wall; perforate)

Order 13  GLOBIGERINIDA (planktonic; low-Mg calcite wall in extant; perforate)

Order 14  INVOLUTINIDA (aragonitic wall; perforate)

Order 15  ROBERTINIDA (aragonitic wall; perforate)

Siliceous wall

Order 16  SILICOLOCULINIDA (opaline silica wall; imperforate)

2) General Information:

1. simply constructed, ~ “amoeba in a shell”

· Single cell: cytoplasm; nucleus; cell wall

· Some are multinucleate – unlike most (all?) protists

· Water, waste, and O2 distributed by osmosis

· Pseudopodia used for locomotion and feeding and contain organelles
· 1000x’s larger and more complex than bacteria
· average size = 0.05 to 2 mm
2. shell (also called test) = endoskeleton; between endo- and ectoplasm

3. eat bacteria, other protozoans, or fine particulate material

· larger forams can be predators

4. dimorphism – 2 body forms in the same species (however, not sexual dimorphism)

· megalospheric form – produced by asexual reproduction, adult sexual form, few chambers, large proloculus; small test

· microspheric form – produced by sexual reproduction, asexual adult, many chambers, small proloculus; large test

· alternation of generations

5. both benthic and planktonic
· typically, many shallow marine environments > 70,000/m2 of ocean bottom

· density to 2,500 per cm2 on sea floor ===> calcareous “oozes”

· typically solitary

6. abundant fossils 500+ MY (Cambrian to Recent)



1. 4000 extant species (30,000+ extinct)



2. only ~40 planktonic (and yet form oozes!)


7. important rock formers locally

· Globigerina oozes
· Fusulinid Ls of Penn. – Perm.

· Salem Ls of Indiana (Endothyrid forams) [dimension stone – “belt course” – building]

· Very important index fossils – especially for petroleum industry

8. inhabit fresh, brackish, & salt water

· WIDE depth range: 0' – 30,000+'

· Major marine food stock

· Planktonic habit evolved during Jurassic (exclusively Globigerina)

· Spines – usually planktonic

3) Three basic shelled foram types (one order also has siliceous walls)
a) organic:

· Organic materials, chiefly protein

· Very simple, generally small

· Very poor fossil record

b) agglutinated or arenaceous:

· Silt- or sand-sized grains

· Very common in some coral reefs, especially where sponges are common.

· Dominate deep seas (up to 100 mm diameter or larger)

c) calcareous:
· Calcium carbonate: aragonite or calcite or both

1. microgranular = sugary

2. porcellaneous = chalky

3. hyaline = glassy

· spherical, discoidal, tubular, etc.

· 1/10 mm to > 2 cm (“mermaid’s penny”)

· very abundant around coral reefs

· some tropical beach sands around Indo-Pacific and Bermuda principally foram tests
4) Test shapes (see textbook for details)

1. unilocular

2. multilocular

· serial

1. uniserial
2. biserial

3. triserial

· spiral

1. planispiral

2. trochospiral

3. milioline coiling

5) Foram applications

5a. Evolution

1. good test for punctuated equilibrium vs. gradualism

· different genera typically support one or the other, some illustrate both
2. also excellent indicators of the effects of extinction events

· effect of EPEE and C/TEE on marine vs. terrestrial populations (but ostracods better)

5b. Paleoecology of foraminifera:

· Foraminifera used extensively for studies in:

1. paleolatitude

· temperature indicators

· arenaceous – cold water

· lower diversity, greater abundance

2. paleogeography

3. paleoclimate

· track global ocean temperature changes (esp. during Plio-Pleistocene)

· commonly used in oxygen isotope studies
1. shell chemistry reflects water chemistry

2. ratio of stable oxygen isotopes depends on the water temperature

3. warmer water tends to evaporate more of the lighter isotopes

· concentrated in precip (e.g. ice) vs. reduced in marine setting (i.e. tests)

4. paleoceanography

· planktonic/benthic forams from DSDP/ODPcores => paleo T for surface and bottom water (isotopes)

· paleobathymetry – depth indicators

1. porcelaneous miliolids characteristic of quite shallow water

2. siliceous forms indicate bathyal or abyssal

3. planktonic/benthic ratio:

· benthic greater, shallow water

· planktonic greater, deeper water (only 30-50 modern species)

4. Globigerina ooze forms in deep water

5. fusulinids shallow (1.5 – 20 m, max. 80 m)

5c. Paleoenvironmental studies

· limiting factors

1. temp. – group very tolerant, genus/species may have narrow ranges
· some traits vary with temp (e.g. shell size, shape)

2. hypo- to hypersaline

· tolerance species dependant

3. depth:

· controls benthic:planktonic ratio

· type of test (calcareous vs. siliceous or agglutinated)

· e.g. calcareous species limited by CCD

4. substrate – especially important to agglutinated species

5. turbulence – generally low

· numerous approaches, e.g.,

1. species diversity

2. ratio of planktonic vs. benthic species
3. ratio of different shell types

4. shell chemistry

5. relative % of orders as salinity indicators: fresh, brackish, or salt water

· e.g. fusulinids = open marine

5d. Biostratigraphy: Cambrian – Holocene

· make EXCELLENT index fossils
1. abundant, widespread, etc. (meet all requirements)

2. easily recoverable from well cuttings

· all  shelled orders useful, but some particularly so

· fusulinids: Devonian to EPEE

· globigerinids (planktonic): Mid-Mesozoic to Recent

· rotalinids: Cenozoic (Nummilitids – mid-Eocene)

· Oil exploration & DSDP/ODP:

· Foram specialists used in oil field since 1920’s

· Foram biostratigraphy provides tight stratigraphic “control”

Microfossil preparation

· Step 1: Microfossil field sampling
1. Lithology:

· Preservation influenced by depositional and diagenetic effects

· Many destroyed by re-crystallization

· Limestones generally oxidized, lack organic remains (e.g. palynomorphs – pollen)

· Red beds, irrespective of grain size, usually devoid of microfossils

· Note: thermal maturation progressively darkens organic remains

· microfossils most abundant in finer grained rocks
· some lithologies better than others; varies with microfossil group

2. Sample size – function of specimen size or general abundance

· E.g. only a few gm for nannofossils

· Somewhat greater quantities (e.g. 25 gm) for palynomorph and microfossil

· Conodonts have low abundance, 2 kgs typically required

· Step 2: Sample preparation for microfossil recovery
· both mechanical and chemical disaggregation and extraction techniques are available

· rule of thumb: harder the sample, the harsher the treatment

1. mechanical:

1. wet or dry sieving of unconsolidated deposits

2. semi-consolidated deposits (e.g. shale)

· freeze-thaw treatment

· soak in water > freeze/thaw > (repeat until disaggregated)

2. chemical: generally used on consolidated lithologies

1. calcareous microfossils (foraminifera, ostracods)

· hydrogen peroxide + detergent

· kerosene followed by water

2. siliceous groups (diatoms and radiolarian)

· hydrogen peroxide + detergent

· acetic acid

· if resistant: dilute hydrofluoric and hydrochloric acids

3. conodonts (phosphatic)

· formic or acetic acid

3. residues sieved, typically at 63 microns.

1. radiolarians: 53 micron sieve size
4. if unable to disaggregate, thin sections can be employed
5. palynomorphs require individual chemical treatment
· hydrochloric acid – removes carbonate matrix

· hydrofluoric acid – removes silicate matrix

· clean organic residue – nitric acid

· residue sieved routinely at 20 microns

· very small palynomorphs (e.g. pollen), gauze of 10 microns

· Step 3 (final step prior to study) – microfossil picking
1. using binocular microscope

· examine sieved sample

2. using paintbrush with high surface-tension liquid:

· select and obtain microfossils

3. using 32-60 cell, gridded slides:

· using resin for adhesion

