Foliation and Lineation

Definitions

· Foliation is any mesoscopically penetrative parallel alignment of planar fabric elements in a rock, usually a metamorphic rock.

· Primary—form in lava, magma or wet sediment before the rock becomes solid

· Flow banding in rhyolite or granite

· Flow foliation in dikes or other intrusives

· Eutaxitic structure—compaction of pumice fragments and gas bubbles in ash flow tuffs

· Schlieren—wispy dark bands of segregated minerals in a magma

Eutaxitic Structure in Tertiary Ash Flow

Primary Igneous Foliation in Rhyolite

Definitions

· Secondary foliation—the result of microscopically penetrative deformation and distortion of sedimentary, volcanic, or intrusive igneous rocks, usually under metamorphic conditions

· Typical foliations in metamorphic rocks

· Slaty cleavage

· Phyllitic structure

· Schistosity

· Gneissic structure

· Migmatite

· Flattened pebbles

Banded Gneiss

Banded Gneiss & Migmatite

Flattened Pebbles

Mylonitic Foliations

· Fault rocks in which the grain size has been reduced by intense shearing

· Grain size reduction is by ductile or mixed brittle-ductile deformation

· Generally occurs in a very high strain environment

· Generally occurs under elevated temperatures and pressures

· Mylonites are hard implying some recrystallization

Mylonitic Foliations

· Can be really planar in monomineralic rocks

· Often a combination of lenses and anastomosing ribbons

· Quartz tends to flow like butter

· Feldspar tends to behave more brittlely

· Nomenclature depends on grain size

· Protomylonite—< 50% fine-grained matrix

· Mylonite—50 to 90% fine-grained matrix

· Ultramylonite—>90% matrix, <10% relict grains

Mylonitic Granitic Gneiss

Lenticular grains

· Augen—eye-shaped grains from the protolith

· Porphyroclasts—relict grains from the protolith

· Porphyroblasts—larger crystals that grew during metamorphism

Microscopic Mylonitic Texture

Ultramylonite

Augen Mylonite

Lineation

· The subparallel to parallel alignment of elongate, linear fabric elements in a rock body, commonlyh penetrative at the outcrop and/or hand specimen scales of observation

· Primary lineations

· Parting lineation—fine linear grain on bedding surfaces that records current direction

· Ropy lava structure (pahoehoe)

· Ripple axes

· Secondary lineations form during deformation and/or metamorphism

Foliation vs. lineation

Types of Lineation

· Intersection lineations—formed by the intersection of any two foliations

· Bedding and cleavage (parallel to the fold axis)

· Cleavage and a second cleavage

· Crenulation lineations—bundles of closely spaced fold hinges

· Mineral lineations

· Aligned needle shaped grains (hornblende)

· Streaked or smeared mineral fibers

· Long axes of platy minerals like micas

Types of Linear Structures

· Stretched pebble conglomerate

· Rodding

· Mullions

· Pencil structure

· Boudin

· Rectangular and rhombic

· Barrel-shaped

· Fish-head

· Pinch and swell structure

· Chocolate tablet or mattress structure

Boudinage

Boudinage

Boudinage & Isoclinal Fold

Boudinage & Folds

Coding Foliations & Lineations

· Foliations or S-surfaces

· S0 is bedding

· S1 is oldest axial plane foliation

· S2 is next oldest axial plane foliation

· Lineations

· L0 is a primary lineation

· L1 is the oldest secondary lineation

· L2 is next oldest lineation

· Intersection Lineations

· L AXB where

· A is the older foliation

· B is the younger foliation

Coding Foliations & Lineations

· Periods of folding

· F1 is the oldest fold axis

· F2 is the next oldest fold axis

· Deformations

· D1 is the oldest deformation

· D2 is the next oldest

· Complications

· Deformations are placed in order by cross cutting relationships

· Folds are often correlated on orientation and “fold style”

· Structural events are not always the same age across a broad region

