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Outline

Underlying principles, definition of terms

Lithostratigraphy & sedimentary facies

Ocean transgression-regression cycles
& Phanerozoic global sea level curves

Correlation & Biostratigraphy
— Paleobiogeography

— Biocorrelation

Chronostratigraphy & Geologic Time Scales




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

Stratigraphic
categories

Principal
stratigraphic units

Lithostratigraphic

Group
tormation
member
bed

Biostratigraphic

Biozones:
Assemblage-zones
Range-zones
Acme-zones
Interval-zones
Other kinds of

biozones

Equivalent
geochronologic

Chronostratigraphic

Erathem
System
Series
Stage
Chronozone




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

_ Intercalated

_ Sandy shale 71 shale and sandstone
“1 sandstone Sandstone
Vertical Contacts

Horizontal Contacts




Types of Unconformities

. Angular Unconformity
. Disconformity
Paraconformity (obscure)

. Nonconformity

I‘:Hﬁ,'p Metamorphic rock

——  Erosion surface




Sedimentary Facies
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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.)

Transgressive

vartical
saquance

- T
T

Barrier limestonas

Shelf muds (shale)

2] Beach sandstonas

| Fluvial sands

and gravels

“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

Bored & churned
plant remains

Swash & rill marks
parallel lo wavy bedding

Parallel bedding
ripples

Shorefaca current structures
thin bedded

Below Very fine . Bored & churned

wave zone ° Clay-silt laminated (?)

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

Wave zone




Transgression-Regression of the Sea
Recorded in Coastal Sediments

A LOW TERRIGENOUS INFLUX — TRANSGRESSION

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

TINONMARINE COASTAL DEPOSITS
CUTTORAL DEPOSITS SURFACE
ESIMARNE DEPOSTS

71 NONMARINE COASTAL DEPOSITS
("I UTTORAL DEPOSITS
E2] MARINE DEPOSITS

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




Coastal "Sediment Wedge” from a
Single T/R Cycle
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Depositional Sequences

e S— Large-scale coastal sediment sections
defined by seismic stratigraphy

UPPER BOUNDARY

= ﬁ [ sneats o o)
= - Eees o
UNCONFORMITY CONPORMATY UNCONFORMITY SR e ‘ *

e e

ISURFACE OF EROSION INO HIATUS) (SURFACE OF NONDEPOSITION)

ANGNENOR P FTION 1. EROSIONAL TRUNCATION 2. TOPLAP 3. CONCORDANCE

lllustration of concept, with beds numbered -
LOWER BOUNDARY

= ——=

% ONLAP 2 DOWNLAP . CONCORDANCE
8. Lo paseiar.. |

(Cverlying
. unconformity)
Terminology of >
e
unconformable = = Widediins
boundaries that el Coastal  unconlormity)

define sequence b
internal

convergence

From: Boggs (1987)




Vail Sea level Curve
based upon Seismic Stratigraphy

The interplay of sea level,
subsidence & sediment supply
Wi‘f 7 dete.rmine.s the sediment layer
/ f/,é///// i configurations, and vice versa.
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m
SEA LEVEL
HAUTERIVIAN

VALANGINIAN

= BEARIASIAN
[PURTCANDIAN] TITHOR-

OXFORDIAN

CALLOVIAN

P. Vail et al. (1977)




Comparison of Vail et al. and Hallam
Sea level Curves

100°'s of m gbove
present sea level
Plioc -Pleistoc
-

Fotous A Eserns e A Hallam (1984)
S EreamEm B. Vail et al. (1977)

Cretoceous

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

Definitions:

1. =
similar lithology

similar fossil content

Same age

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




Lithostratigraphic Correlation, cont.

Physical tracing of
stratigraphic units

Systematil:..
Summary of Methods:
isual i
mr:;‘:;m A I Formal is best, but not
equivalence | equivalence always achievable!

Comparisons of
nonstratigraphic unils

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




Lithostratigraphic Correlation, cont.

Example of strata correlation
among distinctive rock “outcrop”
units

Colorado Plateau, W. USA

_———

inle iti

! le "-i'_rmatmn (green)

R T T e
Mmmhlpl Formation

Precambrian

2. Westwater

Crrand
Tunc.




=>

cont.)

Gamma ray = radioisotope

beam attenuation by H,O

Example of subsurface
strata correlation based
on well logs
> porosity data
Interval Transit Time
rock properties, e.g., density

sound attenuation
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Biostratigraphy

Bioslratigraphic Liihosnéﬁtaﬁhnc units
units

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

JORDAN
SANCSTONE

r L

b e Block Eorth Dolomite FORMAT 'ON_

Renc Sondstone

FRANCONIA
FORMATION
Tomoh Sonds'one

Birkmose Sandslone Last
Woodhlll Sandstons appearance _
e

Apheiasois Galesville Sondstonas

Eou Cloire Sondstons DRESBACH
FORMATION
ML Simon Sandstons Oppel zone

ST. CLOUD ;
GRANITE First
appearance

*based upon principle of faunal succession.




REGION B
ZONE X

ASSEMBLAGE

More is better...

COMPOSITE
ASSEMBLAGE

(cont.)

SHARED CHARACTERIZING TAXA

ZONE W

hy
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Biostratigraphy (cont.

Subdivision example based upon
Concurrent range zones

STANDARD < D.‘BELEMN\TE CoSCOd BRACHIOPOD FORAMINIFER AMMONITE

Subdivision example based upon
swccession/ S0 zones | Lori | zones Abundance zones (range & frequency)
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B casimirovens

Nephroiithus frequans
gosa

frequent

Pseudou Qe ina
run

sporadic 1o
fairly frequent Progressive
Lower-Alban Jafa
variants

cimbrica

annectens
I

Paeudouvigerina

dividens complanata
|
= bettenstaedti]
T gon3iogoden- P 7 = 3
Subdivisions |**7S Y Gaudryina Spiroplectinata
| Cenvmanian |Schloenbachia

MAASTRICHTIAN

. . - 3
Upper Albian | Pervinguieria : : : s

Helaroheirs dentala

lautus
Infernedius
dentdtus
mammillatum,
or missing I‘E’j!&'l‘dﬂ&'
tardefurcata
Lower Alpian | Schrammeni
jacobi
nolani
schmidt
qava
deshayess
boae]

Madle Altan

Arkhangeishieila cymbiloimis

Ammonites rare

noides

B lanceviats

dmyans| decorata iaevigala

Bolwwin | Baiw

UWUpper Aptian

b-._.n se saae
i

Lawer Aptian

From: Boggs (1987)




Biostratigraphy (cont.)

Evolution Theory as Basis for Important Macrofossil Groups
Biostratigraphic Zonation

Punctuated (a) vs. Gradual (b) Models




Classification

Planktonic

Phytoplankton
Zooplankton

Meraplankton

Pseudoplanklon
Benthonic
Sessile benthos

Vagrant benthos

Nektonic

Biogeography

Description

Organisms thal live suspended in the upper water column,

and which have anly a very weak or limited ability to di-

rect their own movements

Have the ability to carry on photosynthesis; primary food
producers, or autotrophs

Do not carry on photosynthesis and thus cannot produce
their own food (heterotrophs); feed on phytoplankton

Spend only their juvenile stage as plankton; later be
free-swimming or bottom-dwelling arganisms

Organisms distributed by waves and currents as a result of
attachment ta floating veed, driftwood, etc

Boltem-dwelling organisms that live either on or below the
ocean floor

Benthos that altach themselves to the substrate (epifauna)

Benthos that either creep or swim over the bottom (epi-
fauna)
or
burrow into the bottom (infauna)

Organisms able to swim freely and thus move about largely
independently of waves and currents

Example

Diatoms, dinoflagellates,
coccolithophoridae
Foraminifers, radiolari-
ans, graptolites

Larva of most benthonic
organisms such as
molluscs

Mussels, barnacles, elc.

Crinoids, ovslers, brach-
iopads
Starfish. echinoids, crabs

High tide
Clams, worms
Mobile cephalopods,
fish, sharks

Present Habitats of Marine
Organisms => Paleoceanographic
Interpretations

(Uniformitarian application)




Biogeography (cont.

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

DIVERSITY AND SEASONALITY

10:50 genera 5090 genera
Range: 38 C" Range: 13C

Plate tectonic event Convergence Divergence
Closure of Proto-Atlantic Trilobites. graptolites. corals,
{Ordovician, Silurian) brachiopods, conodonts, anas-
pids, and thelodonts of the two
conlinenlts flanking the Proto-At-
lantic
Closure of Urals Seaway Post-Permian continental verte-
brates of Eurasia

SU m maw Of Plate TeCtOn iC Opening of Atlantic Cretaceous bivalves and benthic

(Cretaceous, Tertiary) foraminifers of Caribbean and

Events & Changes in Faunal e T e £ s
Distribution Patterns

rope-N. Africa; post-Lower
Eocene mammals of North Amer-
ica and Europe: Tertiary mam-
mals of Africa and South Amer-
| ica
| Opening of Indian Bivalves of East African and Indian
QOcean (Cretaceous) shelves
Clasure of Tethys (late 7Ammonites of Eurasia and Africa- Molluscs. foraminifers. elc., of In-

Cretaceous) (mid-Ter- Arabia; mammals of Eurasia and dian Ocean and Mediterranean— ‘
liary) Africa Atlantic




Biogeography (cont.

| S Plate Tectonic Barrier &
s Dispersal Models (valentine, 1971)

Wokcan
ends

i

(Bl

[ 210 u:"l-ﬂ-wli 1
i -
! - _C Mll(\

e Geomelry Character Biogeographic implications for
. aof relation of margin Distance continental shelf

/ Parallel Ridge or Near Barrier but with depauperate pro-
// transform vincial outliers on isolated is-

o o ! lands
el 0w (BigTT echangel | Far Barrier

Subduction Barrier if truly marginal with na
zone island arc: source of rich biola
and dispersal route if arc pres-
ent
f 'g'.'.""" | Na affect unless intervening region
- bridged by midplate volcanoes,
then source of rich biota and
dispersal route if no climatic
barriers inlervene

id)

High angla Ridge or Little effect, with depauperate
|_tCantibuning transform provincial cutliers on isolated
"“:‘;:::"" bttt islands

Not a case

Subduction N-S shell, E-W arc: arc system a
20ne source of rich hiota for local
province, E-W shelf, N-§ arc;
proximal province of arc system
a source of rich biota for entire
shelf
Not & case

J. W. Valentine (1971




Biocorrelation

Simple visual correlation of macrofossils

e
1
SR
[}
7

Mult|ple fossil taxa requiring statistical
correlation techniques




Biocorrelation (cont.)

Province B

Pitfalls to avoid in correlation

Left: Biogeographic migration

Barner
removed

w
=
fumg

g

}_7 >
Local range in |
province B

e

Bottom: Acme (abundance) zone
pitfalls

Tolal range in ime

province A

|
|
| Barrier
|
|

Distance

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




Biocorrelation (cont.)

Shaw'’s graphic correlation => relative sedimentation rates

224 116 116116 116

..‘.{. 5'[,\4310_-:!5 j(‘a@l«\:& C'_ﬂrrﬂ(c-:e\‘.;}w

= me Ao ‘é_w- e Q ZoASTS
3 1

2
93

42

F——=={ Benlonite
- bed

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




Biocorrelation (cont.)

o Bottom of range zone
O Top of range zone

Section B
Meters above base

N
Bentonite bed
B 2 el

2 P B et L A e L e e [ gl [t i
T e g R B R0 0 B0 TO0R 100 110 190

Section A
Meters above base

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

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

Section A

Meters above base

Meters above base

Melers above base
Section B

Section B




Paleoclimate Data

DSDP 354
DSDP 149
DSDP 151
OSOP 368
S nBang
| DSDOP 410
DSODP 341

[_ LATE

MIiOCENE
W mlini e
l MIDDLE

il
[

FALEQLATITUDE

C pelogicus C Mondanus . : BPI:':qu o
Assembloge Assemblage ] Ansembloge

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




Paleoclimate Data (cont.)

100 100 - z
e permerobabIe O-isotopic cold

et @ rght Stage RO oA
ccnlmg & coiling

Left coiling “Hghs
oo

@ Umbilical view @
@ Spiral view @

Africa

E
=,
%
w
g
-
W
&
§
3
W

South
America

Q

Coring stations where the three cores were oblained

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




Chronostratigraphy & Geologic Time Scale

The Geologic Systems and their Type Localities

System name

Type locality

Named or proposed by

Remarks

Cambrian
Ordovician

Silurian

Devonian

Carboniferous

Mississippian

Pennsylvanian

Permian

Triassic

Jurassic

Cretaceous

Tertiary

Quaternary

Western Wales
Western Wales

Western Wales

Devonshire,
southern En-
gland

Central England

Mississippi Val-
ley, L1L.5.A.

Pennsylvania,
U.S.A:

Praovince of Perm,

Russia
Southern Ger-
many

Jura Mountains,

northern Switz-

erland
Paris Basin

Italy

Adam Sedgwick
Charles Lapworth

Roderick I. Murchison

Roderick 1. Murchison
and Adam Sedgwick

William Conybeare and

William Phillips

Alexander Winchell

Henry S. Williams

Roderick 1. Murchison

Fredrick von Alberti

Alexander von Humbaoldt

Omalius d'Halloy

Giovanni Arduino

Jules Desnovers

Defined mainly on lithology

Set up as an intermediate
unil between the Cam-
brian and Silurian to re-
solve boundary dispute;
boundary defined by faos-
sils

Defined by lithology and
fossils

Boundaries based mainly
on fossils

Named for lithologically
distinctive coal-bearing
strata, but recognizable
by distinctive fossils

The Mississippian and
Pennsylvanian are subdi-
visions of the Carbonifer-
ous: nol used outside the
United States

Identified by distinctive fos-
sils

Defined lithologically an
the basis of a distinctive
threefold division of
strata; also defined by
fossils

Defined originally on the
basis of lithology

Defined initially on the ba-
sis of strata composed of
distinctive chalk beds

Originally defined by lithal-
ogy; redefined with type
section in France on the
basis of distinctive fossils

Defined by litholagy, in-
cluding some unconsoli-
dated sediment

From: Boggs (1987)




he Cenozoic Era

NORTH AMERICAN
CHRONOSTRATIGRAPHIC
UNITS

SERIES 7/ STAGES SERIES / STAGES
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The Mesozoic Era

NORTH AMERICAN
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The Paleozoic Era

NORTH AMERICAN
GLOBAL CHRONOSTRATIGRAPHIC UNITS CHRONOSTRATIGRAPHIC
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Geologic Time Table with Absolute & Polarity Ages
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From: Palmer (1983)




Heavy meteorite bombardment

Formation

Oldest
of Earth

4600 4500

Origin of life?

Oldest
Moon rocks

Earth rocks

Early bacteria and algae

supercontinent
Buildup of fr 5xygen in atmosphere

Expanded Geologic Time Scale

Formation of early

Breakup of early
supercontinent

~

Early
shelled
organisms

Formation of
coal deposits
Early
Early fishes

Early multicelled
organisms

Final assembly

Opening of

Early
land plants Early trees reptiles
Pal &

Silurian

Devonian

of Pangaea

Atlantic Ocean

Formation of Rocky Mountains
Formation of Alps
Early birds Early
and mammals

Extinetion
flowering plants

of dinosaurs

—

e

Opening of Norwegian Sea
and Baffin Bay

Early

primates

Separation of Australia
and Antarctica

Collision of India with As:

Early horses

Paleocene

Formation of Himalayan Mountains

Opening of Red Sea

Australopithecus

T
Quaternary
Miocene

Linking of

Pliocene

North America

and South America
Oldest

stone tools

Worldwide glaciations
Homo

erectus

Pleistocent

9

Time before present (millions of year

Neanderthal
Lol Modern
First use of fire

man

T
Holocene

01

From: Press & Siever (1984)




