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Underlying Principles of Stratigraphy

• Original horizontality (Nicolaus Steno, 1669)

• Superposition (N. Steno, violated by impact ejecta)

• Original continuity (N. Steno)

• Faunal succession (William Smith, 1796)

• Related fundamentals:
– Uniformitarian Concept (James Hutton, 1785)

– Catastrophism (Flood) Concept (Georges Cuvier, 1827)

– Evolution Concept (Charles Darwin, 1859)



Stratigraphic Terms



Definition of Beds, Contacts
(a.k.a. Conformable Strata)

Vertical Contacts

Horizontal Contacts



Types of Unconformities

a. Angular Unconformity

b. Disconformity

c. Paraconformity (obscure)

d. Nonconformity



Sedimentary Facies

Definition: “One or any two or more
different sorts of deposits which are
partly or wholly equivalent in age
which occur side-by-side or in some-
what close neighborhood”
-- Moore (1949)



Sedimentary Facies (Cont.)

WaltherWalther’’s Laws Law::

“Those facies and facies-
areas can be superimposed
primarily which can be 
observed beside each 
other at the present time”
-- Walther (1884)



Application of Facies Concept to
Reconstruct Ancient Environment

Example of sediments deposited during a regression (drawback) of the sea



Transgression-Regression of the Sea
Recorded in Coastal Sediments

Coastal Onlap & Top Lap: rapid
sea level fall & standstill examples.

Transgression, regression & stationary
shorelines--effects on coastal sediments
& added complexity of variable river flux.



Coastal “Sediment Wedge” from a
Single T/R Cycle

Proposed long-term mechanism:Proposed long-term mechanism:
Spreading Rate Changes => Spreading Rate Changes => 
Sea level Fluctuations (Pitman, 1968)Sea level Fluctuations (Pitman, 1968)

2 to 6 cm/yr 6 to 2 cm/yr



Depositional Sequences
Large-scale coastal sediment sections
defined by seismic stratigraphy

Illustration of concept, with beds numbered

Relations of strata to upper (a) and lower (b) boundaries

Terminology of
unconformable
boundaries that
define sequence

From: Boggs (1987)

Get Oil?Get Oil?



Vail Sea level Curve
based upon Seismic Stratigraphy

P. Vail et al. (1977)

The interplay of sea level, 
subsidence & sediment supply
determines the sediment layer
configurations, and vice versa.

Thank you Chevron Research!Thank you Chevron Research!



Comparison of Vail et al. and Hallam
Sea level Curves

A. Hallam (1984)
B. Vail et al. (1977)

Note Hallam’s curve is much
smoother than Vail et al. curve,
which does not account for 
regressive sea erosion =>
unconformities.



Lithostratigraphic Correlation

Definitions:

1. LithocorrelationLithocorrelation = 
similar lithology

2. BiocorrelationBiocorrelation =

similar fossil content

3. ChronocorrelationChronocorrelation = 
same age

Changes in age of the Cambrian Tapeats Sandstone across the 
Grand Canyon, AZ (from: Boggs, 1987)

Same age horizon



Lithostratigraphic Correlation, cont.

Illustration of difference between matching (a)
versus correlation (b) of similar-appearing strata

Summary of Methods:
Formal is best, but not
always achievable!



Lithostratigraphic Correlation, cont.

Example of strata correlation
among distinctive rock “outcrop”
units

Colorado Plateau, W. USA



Lithostratigraphic Correlation (cont.)
Hot stock tip!Hot stock tip!

Example of subsurface
strata correlation based
on well logs

Gamma ray = radioisotope
beam attenuation by H2O
=> porosity data

Interval Transit Time =
sound attenuation =>
rock properties, e.g., density



Biostratigraphy

Bio- and Litho-stratigraphic units
are not necessarily the same!

Stage & Zone Concepts*Stage & Zone Concepts*

*based upon principle of faunal succession.



Biostratigraphy (cont.)
Types of Interval or Range ZonesRange Zones

Assemblage ZonesAssemblage Zones

More is better…
One or two taxa



Biostratigraphy (cont.)
Subdivision example based upon 
Concurrent range zones

Subdivision example based upon 
Abundance zones (range & frequency)

From: Boggs (1987)



Biostratigraphy (cont.)
Evolution Theory as Basis for
Biostratigraphic Zonation

Punctuated (a) vs. Gradual (b) Models

Important Macrofossil Groups

Ideal Index Fossil = abundant, widespread, short rangeIdeal Index Fossil = abundant, widespread, short range

Species variations are one-directionalSpecies variations are one-directional
& irreversible!& irreversible!



Biogeography

Present Habitats of Marine
Organisms => Paleoceanographic
Interpretations = Bonus Information!= Bonus Information!

(Uniformitarian application)



Biogeography (cont.)

Barriers to DispersalBarriers to Dispersal

Example of temperature (latitude)
and filter barriers on modern corals

Summary of Plate Tectonic
Events & Changes in Faunal
Distribution Patterns



Biogeography (cont.)

J. W. Valentine (1971)

Plate Tectonic Barrier &
Dispersal Models (Valentine, 1971)

Includes migrating arcs, volcanic Includes migrating arcs, volcanic 
island chains, seamountsisland chains, seamounts……

LetLet’’s add terrains...s add terrains...



Biocorrelation

Simple visual correlation of macrofossils

Multiple fossil taxa requiring statistical
correlation techniques



Biocorrelation (cont.)

Pitfalls to avoid in correlation

Left: Biogeographic migration

Bottom: Acme (abundance) zone
pitfalls

FADs and LADs:FADs and LADs:

FAD = First Appearance DatumFAD = First Appearance Datum
LAD = Last Appearance DatumLAD = Last Appearance Datum

Also: abundance => favorable environment
=> suddenly unfavorable
=> mechanical concentration

Assumed Actual



Biocorrelation (cont.)

Shaw’s graphic correlation => relative sedimentation rates

Note: numbers at FADs and LADs are heights in sections in meters above base



Biocorrelation (cont.)

Shaw’s method sensitive to rate changes
& hiatuses in sedimentation

Relative sedimentation between 
Sections A & B (previous slide)
are linear, A > B



Paleoclimate Data

Example of major fluctuations in climate in Miocene
of North Atlantic Basin as revealed by acme zones



Paleoclimate Data (cont.)

Biogeographical acme zone correlation based upon coiling ratios of foraminifers
in three South Atlantic Basin sediment cores (original data of Ericson & Woolin, 1968)
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Chronostratigraphy & Geologic Time Scale

The Geologic Systems and their Type Localities

From: Boggs (1987)



The Cenozoic Era



The Mesozoic Era



The Paleozoic Era



Geologic Time Table with Absolute & Polarity Ages

From: Palmer (1983)



Expanded Geologic Time Scale

From: Press & Siever (1984)


