Introduction 
to Stratigraphic 
Principles:
Facies concept


Basic stratigraphic principles

· Principle of original horizontality of beds

· Principle of original continuity of formations

· Principle of superposition of beds

· Principle that original orientation can be determined (way-up)

· Principle of included fragments

· Principle of cross-cutting relationships

· Principle of identification and correlation by fossils and other included characteristics
Facies and Facies succession

· Nicholas Steno (1699) defined the term “facies” to describe the surface of the earth during a particular geologic period.

· 1798 Lavoisier described the response of shallow marine depositional environments to sea level change.

· 1838 Gressly mapped the units of the Jura Mountains and demonstrated that their character (facies) changed laterally.
· 1839 Sedgwick and Murchison named the  Devonian Period for the rocks of Devonshire which differed from the “Old Red Sandstone” but were the same age.

The modern facies concept:

· A facies is a unit of sediment or sedimentary rocks with certain characteristics due to deposition within a specific environment.

· A genetic relationship exists between the depositional environment, its process(s), and its characteristic facies.

· The terms facies and formation are now generally considered synonyms.

· Lithofacies - based on observable textural, structural, and physical compositional features. 

· Biofacies - based on paleontological assemblages or other biological information preserved in the strata.

Implications of the facies concept:

· Different depositional environments produce generally distinct facies.

· As depositional environments shift, so too must their sedimentary facies.

· Walther’s law of correlation of facies:

    “Only those facies and facies-areas can be superimposed, primarily, which can be  observed beside each other at the present time”       -- J. Walther (1894).
Controls on stratigraphic facies relationships

· Geography

· Eustacy  = Global SL 

· Isostacy

· Tectonism

· Sediment supply

Facies Analysis: Modern Analog
1. A modern, spatial facies succession

Facies analysis: Example 1
·  No change in S.L. 

  Sediment supply = subsidence

Facies Analysis: Example 2
·  Sea level changes; 

  Constant sediment supply and subsidence

Facies Analysis: Example 3
·   Identifying unconformities by Walther’s Law

Summary of Walther’s Law and facies analysis

Identifying ancient 
depositional environments

· Q. What processes or environments created a particular sedimentary sequence?

· A1. Inductive approach: Study modern depositional environments and generalize their facies relationships.

· A2. Deductive approach: Use first principles to determine a generalized environment from a specific sedimentary sequence.

Why do we care?

· Understanding the depositional environment places constraints on the scale and structure of the formation (especially subsurface features).

· Helps to predict or model the distribution and/or concentration of natural resources within the formation.

· Provides context for paleo studies.

The idealized facies model

· Expected vertical sequence of sedimentary textures, layers, and structures deposited by a specific sedimentary environment. (Note some complex environments may exhibit more than one facies model!)

· Important to recall that these are idealized models.

· Developed inductively.

· Applied deductively.

Terrestrial Depositional Environments

Factors influencing deposition

· Landscape slope

· Height above base level

· Climate

· Transport by mass wasting, water, wind

Principle depositional environments:

· Alluvial Fan

· Braided Streams

· Meandering Streams

· Lacustrine

· Eolian

Alluvial Fans

Classes
of Alluvial
Fans

Dominant Process

· Debris-Flow

· Braided fluvial

· Low-sinuosity/ Meandering fluvial

Alluvial Fans
http://wrgis.wr.usgs.gov/docs/parks/deva/rfan.html
· Terrestrial, high energy,  environments

· Form where mountains meet valley floor. Large grain size, poor sorting

· Transport by braided streams, slumps, mud and debris flows.

· Often found in dry environments 

· Form pediment (or Bajada) when multiple fans merge on valley floor.

· Slopes range from 1-25°, averaging 5-10°

·  Larger the grainsize, steeper the slope

Braided streams and sieve lobe deposits on alluvial fans

Formation of sieve lobes

· Develop from sheet flows that top braided stream channels during max flood.

· Well sorted sand and gravel emerges at the “intersection point” and fans out.

· Sieve lobe is coarsest at front and fines upslope.

· Generally form in the proximal to upper midfan.

Alluvial Fan facies model

· Coarsening upward cycles generated as the fan progrades 

· Consisting of cross-bedded sand stones, channel-lag conglomerates, and unsorted debris flows.

· Fining upward sequence may complete the formation as the fan decays.

· Found in settings experiencing rapid uplift

· Wedge-shaped features of limited lateral extent (10’s to 100’s of km).

· Extreme range of grain size; potentially very immature sediments.

· Paleocurrents radiate from apex

· Poor fossil preservation potental.
Example: Fanglomerates 
of Norway
· Formed in fault bounded basin during uplift of the Devonian Caledonian orogeny

· Basin is 25 km wide, 70 km long and filled with 25km of sediment
· 100-200m coarsening upward sequences with 10-25m subcycles.

