The three rock families:
Igneous rock:Cooling and
solidification of magma
- Extrusive
- Cooling at the surface (either in air
or water)
- Smaller crystals, holes
- Intrusive
- Cooling below the surface
- Large crystal size
- Felsic (light colored), Mafic (dark
colored)
Sedimentary rock
- Clastic
- LARGE PARTICLES: conglomerate,
larger than sand
- >22mm
- MED PARTICLES: Beach sand,
sandstone
- Sandstone feel
- SMALL PARTICLES: mud/silt,
mudrock, shale
- Can't see the particles with even
a hand lens
- Fissile (breaks off in sheets)
- Biogenic
- Limestone - CaCO, (shells)
- Seeing shells

Isotropic: Light speed will be the same What causes angularity and roundness?

through the material

- Halite: no light coming through

- Amorphous materials same
Anisotropic: Light speed will be
different in different orientations

- Allows for color/light to change when
rotating the stage

Plane light: true color view, crosspola:nrsv\”.'at causes color?

lead to different colors “interference”
color

Opaque: Dark, (OM, pyrite)
Pleochroism: rotate the stage, color of
the mineral will change

4 Categories of Extinction

- Parallel

- Inclined

- Symmetrical

- No extinction angle

Quartz

- Gray, roundish, no cleavage, may fade

in and out, low birefringence (low
vibrance)

Feldspars

- Plagioclase: Triclinic (biaxial +/-),
low relief, colorless,~cloudy, euhedral,
zoning, polysynthetic twinning, good
cleavage, low birefringence

- Alkali feldspars: (biaxial -), low

- Original material mineral
- Transport/distance

- Time

- Weathering

- Compaction

- Composition
- Carbon: black or brown
- Quartz: tan, clear, white
- Orthoclase: orange

- Depositional Environment
- Iron on land: red
- Iron in deep oxygen poor water: green

- Color is more of a starting point, not diagnostic
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Prothero & Schwab

Sandstone Maturity

Texturally and
compositionally
immature . Mainly
unstable grains, poor
sorting, angular
grains.

Texturally and
compositionally
mature. Mainly quartz
grains, well sorted,
rounded grains

1) % of matrix (<30 um)
2) Composition of sand
framework grains

[63 um — 2mm]

Figure 5.20 Classification scheme
forterigenous sandsiones. The

Quartz Arenite (Orthoquartzite)
>75-90% Quartz

- Light color

- Well sorted

- Dense

- Well cemented

Least Matur,
Greywackes|

Lithic arenit|

Arkose aren

Most Maturd § 3

Lithic Arenite <75 - 90%% Quartz; F<L
- Med-poorly sorted
- Salt and pepper
- Large grains
'-L"

Arkosic Arenite (Feldspathic arenite)
<75-90% Quartz; F>L

- Tan, beige, reddish
- Coarser/rough texture

W ¢ &

Greywacke (Wacke) 15-75% matrix
- Darker: because more mud/small
particles

T

relief, colorless, cross-hatch twins
(microcline), cloudy, zoning,
polysynthetic twinning, good cleavage,

- Acid will make it fizz
- Typically grey or white
- Organic: coal or peat (plant/animal

/c.mme ‘

v
50, ‘ 50
‘ Phylloarenite

front panel shows arentes, the
central panel wackes, and the rear

Volcanic
arenite

panel mudrocks. The small panel
atlower ightallows more speciic
narming of lthic wackes and
arentes on the bas'sof thei rock
fragments. (After Dot, 1964; 629;

Glacial till, Beach (waves), | Submarine, Deep sea/lakes
Alluvial Fan Desert Fluvial
(Aeolian)
Grain Size Gravel + sands Sands Mostly sand and Mud (silt + clay)

mud

matter) low birefringence :
ithi Tragrne, s 50 ™M
- like coal, lighter density thhl;_lc Fragments emenes Sedmentary  Metamorptic

- Chemical - Mica .

- Evaporites (salts) Chemical Cements (precipitat) Grain Size

- Harder to ID - Original grain boundaries are filled in Udden-Wentworth Scale

N by cement p—
Metamorphic rock: L 1
- - sil -ch | Lol ok s

pressure and heat on existing rocks Zej'it:::t:ug?tr:ent chert, opal, ™ —
N Abunfdalnt shiny materials - Carbonate - calcite, dolomite, “ o come §| e
- Can feel greasy siderite . o
- Foliated ‘ ) ) - Iron oxide - hematite, limonite, & o | Sereens

- Crystal Preferred orientation geothite - 5 - S Lo |
- Granular . - Sulfate - anhydrite, gypsum, barite S it o -l
- Porphyroblastic Carbonate Cement (Calcite, CaCO3) "] @ so—| Yoy Amemi

- Hexagonal (uniaxial -), moderate-high W o o - s TER

Common Cement Materials relief, colorless, lamellar twins, inclined oot St o S
- CaCo, (Calcite) or symmetric extinction, extreme e T e e
- Si0, (Silica) birefringence 00000 008 o | Ca Sjene.

Ephemeral Lakes

Congruent: Complete dissolution,

by permission of the SEPM.)

6 = —log, D/Do
where

is the Krumbein phi scale, and
Dis the diameter of the particie
Do s a reference diameter, equal o 1 mm

Sorting Poorly sorted Very well sorted Poorly-moderate | Well sorted
(directly from -well (range)
ice)
Angularity/ Angular Well rounded Subrounded- Too fine-grained
roundness -subangular to see

pian view.
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Concretions

issol h lids |
Layered mudcracks dissolved phase, no solids left

OOLITE FORMATION

ALGAE AND BACTERIA INVEST OOUITE
IN MUCILAGENOUS ENVELOPE

STAGE 2 STAGE 3

ARAGONITE FIBERS ~ ABRASION FLATTENS

gy
- | A9 <

Helical flow

Stromatolites: Dome grows upward
Mudcracks: V’s point down
Dropstones: Disrupt the area they fall
on (compaction), and sediment

y develops on top (drapes)

Tracks and trails

Tidal Environments
1. Herringbone cross-bedding
2. Flaser Lamination

Calcite cone in cone structure: Point
down

Cross bedding: curves downward
Sole marks: positive relief on the bed
bottoms

ARE PRECIPITATED.
SURFACE

TANGENTIAL CRYSTALS
AND VES OTHERS.
POLISHED ORIENTED

SURFACE PRODUCED

- Drapes of mud between sets of ripples
3. Reactivation surfaces

Root traces

: ; . _L}n ongruent: Has solids left
Evaporite minerals form from the River: Unidirectional, N B
evaporation of water perpendicular o the shoreling | .5, OHhEF AIIGEREHS
L Waves: bidirectional, 28| =52 528
Halite: NaCl ; £2|58¢ Brzs )
. perpendicular Sa| 568 288l Ooids
Gyp§um. CaS042H20 Longshore current: parallel F ~ e All ooids are coated grains
Calcite: CaC0O3 unidirectional Y §8. . "é ocdl e Center is called the nucleus, outer Ty
. L . £ 258.5 2BEESE
Turbidite: unidirectional, | 2 | 25558 | §5EE85 fayers called the cortex
'Pel;pendicular ° |OFfes® | SR8f0EF Pellets
current ripples wave ripple: wind ripples g .0
linguoid  catenary  undulatory  straight su58|8e OOUTE cOMES
== . FESLE| L8y £6 Resr
E . ¢ I“E' %%%E ;; 25% gigafal vgry find sand
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§ (588 3 £
S g | 8L58 v — -
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Interference Ripples: secondary perpendicular

waves

Climbing Ripples: deposition is faster than the

erosion, so they climb vertically

Siliciclastics
all climates worldwide
all depths, continental
sediment transported
mud particles = suspension settling
grain size/texture reflects
source, hydraulic regime,
weathering
shallow sand bodies
sediments remain unlithified for
long time
exposure: erosion

Shell sediment accumulation:
sediment pools at the bottom of the
shell, creating pockets at the top

Carbonates
Tropical climates
Dominantly shallow marine
Sediment produced in situ
Lime mud not indicative of
Hydrodynamic conditions
Grain size/texture reflects organism
Skeletal size & bioerosion
Buildups & reefs
e Sediments cement early
e Exposure: dissolution & karstification




Dates

Paleozoic Life

Even animals prefer to live in Sea level

photic zones so that they P

have something to eat pm‘;;‘;‘lfy Light saturation zone Crmtpds .
Reefs prefer to be in less 10-20m ﬁ;ﬁ:::}ﬂ"fj;nm

nutrient rich areas
Carbonate sediments, Si, Fe,
Al are very uncommon

o Little to no river input
Almost entirely CaCO;
Shallow Area: 27 x 10° km?

o 24.5x 1012 mol/yr
Deep Area: 322 x 10°% km?

o 29 x 1012 mol/yr

Mg Corbonte e O

Class: Crinoidea
[Cambrian-Recent]

o Abundantin
Labeling

o Stalked: attached to something (sea llies)

e Nostalks: not attached (feather stars
Morphology

o Flexible arms

o Calyx

o Colum (stem) [most often preserved part], look like

little beads in cross-secion
o Holdfast

highin

o More deeper
production than in the
past
Despite being a much smaller area, very high

g Environment
o Modern: usually >100m depth
o Ancient: Marine

vozon

CaCO? productivity in shallow areas
~40% of CaCO? is lost before making it into ¥

ryozoan
[Ordovician ~ Recent]

 Class 1: Phylactolaemata.

(Tert.-Rec.)

® Class 2: Stenolaemata (Ord.-Rec.)

 Class 3: Gymnolaemata (Ord.-Rec.)
Labeling

 Zooid (animal)

 Zooecium (exoskeleton)
IDing

Lok like coral, but aren't

« HardtoID

bryazoan
Classes to know
Class: Stenolaemata (5 orders)
Order: Fenestrata (Ord.-Permian)

o Little windows, net-like branches
Class: Stenolaemata (5 orders)
Order: Fenestrata (Ord.-Permian)

the sedimentary record

« Abundant in paleozoic (decimated at

o Due to volatility and dissolution

o (Roughly the same in shallow and T vt
deep)
to know

Memorize Dates on the right and order of periods
MIESLLUIC R

Bivalves

Kingdom: Animalia
Phylum: Mollusca (very
diverse; 7 classes)

Class: Bivalvia (Cam.-Rec.)

Gastropods
Kingdom: Animalia
Phylum: Mollusca (very diverse;
7 classes)

Class: Gastropoda (Cam.-Rec.)

Cephalopod
Kingdom: Animalia
Phylum: Mollusca (very diverse;
classes)
Class: Cephalopoda (3 subclasses)
Classes to know

* Belemenite

o (Dev.-Cret.)
* Nautiloidea

o (Camb.-Rec)
o Not always spiraled, some straight
« Ammonoidea

o Suture patterns on the outside
evolved over time to be more
complex

autilus
Siphuncle located in center of chambers
230 chambers

Smooth surface

Concave Inward chambers.

Siphuncle located ourside
26 chambers

Raised suture patterns.
Concave outwards.

Not major producer, but good cause easy 1D
PDB 6*:C = Pee Dee Belemenite, index
Gonatitic

Ceratiic  Ammonitic
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P/T), uncommon now
Labeling
Class 1: Lingulata (Cam.-recent)
e Class 2: Inarticulate (Cam.-recent) lack
teeth and sockets
Class 3: Articulate (Cam.-recent) teeth on ~ Piane of
symmet
valves phsses trough
Mineralogy both valves
« Made of low Mg Calcite
Environment
e Modern: ?
o Ancient: Shallow marine
Classes to know
Order: Rhynchonellida (Ord.-Rec.)
Mean pacman, teethed mouth
Order: Spiriferida (Ord.-Jur.)
e Fanned/winged

Echinodermata
5 fold symmetry
Kingdom: Animalia
Phylum: Echinodermata (5
subphylums)

1) Echinozoa (sea urchins,
sea

cucumbers, sand dollar)
[Ord-

Rec]

2) Asterozoa (starfish, brittle
stars)

[Ord-Rec]

3) Crinozoa (Class Crinodea)
4) Blastozoa (*Pelmatozoans”)
5) Homaloza [Ord.]

" Look ke ickery
nutes?
Cenozoic

Protists
Chromistan Division:
Classes to know
« Haptophytes (coccolithoporids)
[ur-Rec]
« Foraminifera [Cam-Rec]
o Benthic and planktonic

Plantae
Kingdom: Plantae
Phylum: Chloroph
Classes to know (Calcerous algae)
« Halimeda
o Create Halimeda plates
* Penicillus
There are also red algae, that can look
like coral

SwayroRI0

(Cretaceous/Tertiary)

252 Ma (Permian / Trias:
Extinction)

541 Ma (Cambrian
Explosion)

Brachiopods vs. Bivalves

&L

=

y

Oysters are
exceptions

~ [V]IU|%=| Brachiopods “lamp shells”
HUIEE== o Eao
: Lt Pedicle valve Kingdom: Animalia
Cambrian-Recent & A
[Cambrian-Recent] Opering for_ Phylum: Arthopoda

Class: Trilobita (9 orders)
[Cambrian — Permian]
« IDA by their eye shape

 Many different forms, branching but not coral i likely

siachial
ANTERIOR valve

Commissun

Other Producers

Misc invertebrates
« Stromatiite
« Barnacles
« Sponge

Stromatoporoids
« Kingdom: Animalia
o Phylum: Porifera
« Build somewhat like
stromatalites, but animals

Rudist Bivalves
Kingdom: Animalia
Phylum: Mollusca (very diverse; 7 Hiasses)
Ciass: Bivalvia (Cam.-Rec.)

Other thing
Receptaculites [Ordovician-Permian]

MICRITE LACKING
CALCITE
CEMENT MATRIX ALLOCHEMS
INTRACLASTS
MICRITE

OOLITES

OOMICRITE DISMICRITE
FOSSILS
BIOMICRITE REEF ROCKS
PELLETS ~
X\ A
PELMICRITE BIOLITHITE
Sparry Calcite Lime Mud
ement Matrix

C.G.St.C. Kendall, 2005 (after Folk 1959)
Major Carbonate Prod
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ryozoan

Cnidaria (Jellyfish with a house)
Kingdom: Animalia
Phylum: Cnidaria
“Cnidos” = stinging nettle
« No preservation of jellyfish, but high preservation of
coral
[PreCambrian - Recent]
Class 1: Hydrozoa
(PreCam.-recent)
Class 2: Scyphozoa “true
jellyfish” (PreCam.-recent)
Class 3: Cubozoa
Class 4: Anthozoa
(PreCam.-recent)
o Polyps come out at night
Classes to know
o Order: Hydrocorallina (Tert-Rec.) Millepora, “fire
coral”
o Subclass: Zoantharia (6 orders)
o Order: Tabulata
o (Ord.-Perm)
o Tabulate coral
o [lass Anthozoa
o Subclass: Zoantharia (6 orders)
o Order: Scleractinia (Triassic-Rec.)
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Zooxanthenthelates

« Scleractinians: Zooxanthellate £~
and Non-Zooxanthellate -

o Zooxanthellate provide sugar
and oxygen for coral

o Coral provide
protection/housing for
zooxanthellate

o Allow up to 3x growth rate

Common Common Common Organisms  Common Organisms Common Organisms
Organisms. Organisms.
COCCOLITHS, | BIVALVES, GREEN ALGAE, CNIDARIA/ CORAL | CEPHALOPODS Onlya few
PLANKTONIC | GASTROPODS, | Halimeda, Penicillus (polyp, Scleractinia, - | (siphuncle, septa, crinoids,
AND BENTHIC | ECHINOIDS, Millepora i brachiopods,

Ceno. | FORAMS RED ALGAE and bryozoans
ECHINOIDS (5 | BIVALVES (2 | GASTROPODS (single | CNIDARIA/ CORAL | CEPHALOPODS FORAMS, GREEN
fold symmetry | valves, shell) Pteropods, snails | (polyp, (phragmocone, rostrum, | ALGAE, minor
is common); symmetry zooxanthallate, siphuncle, septa, crinoids,
Blastoids, planeis along | RUDIST BIVALVE, hermatypic vs. sutures); Belemenite, | bryozoans,

Meso, | starfish, sand | hinge, except | STROMATOPOROID ahermatypic); Nautilus, Ammonite- brachiopods
dollars oysters), clams Scleractinia, gon., cera,, ammon.

Millepora

CRINOIDS BRACHIOPODS | BRYOZOANS (z00ids, | CNIDARIA/ CORAL | TRILOBITES (segmented | FORAMS, GREEN
(calyx, (2 valves, 200eciums, small size, | (polyp, bodies, eyes), most LGAE,
columnal pedicle, colonies, branches, 200xanthallate, PreCamb-Devonian. BIVALVES
beads, nets, or vs. GASTROPODS
holdfast) y V; i Fenestrada i

Paleo. Rhynchonellids Tabulata, Rugosa,

, Spirifers Millepora
Paleozoic Mesozolc Genozoic
Garboniferous Tertiary
— Precambrian Cambrian Ordivician Siurian Devonian Mississppian Pennsyivanian Permian| Triassic. Jurassic Cretaceous | Paleogene Neagene Quatemary|
Crinolds

Brachiopods (Class: Articulata)
Adticulata: Rhynchonelida
Articulata: Spirferida

Bryozoans (Class: Stenolaemata)
Stenolaemata: Fenesirata
Stenclaemata: Archimedes
Cnidaria (corals)

Class: Hydrozoa; Order:
Hydrocoralina

Class: Anthozoa; Subclass:
Zoantharia; Order: Scleactinia
Class: Anthozoa; Subclass:
Zoantharia; Order: Tabulata

Class: Anthozoa; Subclass:
Zoantharia; Order: Rugosa
Triobites

Bivalvos
Gastropods

GCephalopods

Subclass: Bolemenite
Subclass: Nautioidea
Subclass: Ammonoidea
Subclass: Ammonoidea; Ordr:
Goniates

Subclass: Ammonoidoa; Order:
Ceraties

Subclass: Ammonoidea; Order:
Ammonitc
Echinoderms
Phylum: Echinodermata;
Subphylum: Echinozoa
Phylum: Echinodermata;
ubphylum: Asterozoa
Phylum: Echinodermata;

tomaloza

PLANKTONK|

B oominant
3 important

BENTHONIC

I Minor A = Aragonite
LMC = Low magnesium calcite

HMC = High magnesium calcite

&
|| ! Subphyum: Bastozon
1/ 1R ISI'IE_II pea Phyum: Echinodomata:
o \V/ = o ubohu:
~ — Prtss: Hyplophyios
Protists: Forams (benthic)
Mostly
- o Plantao: Halimeda

Plantae: Rhodaphyta
Plantae: Roceptacultes

Stromatolites
Sponges: Stromatoporolds
Sponges: Rudist bivaives.

T

J1 souOjsUreIS 0jJul UIN} P[NOM ‘XLIJBW OU 0} SN ‘Paseq [[oys Ajpiardwio) :vumbory

Not abundant




