Siliciclastic sedimentary rocks
e Mudrocks

« Sandstones

* Conglomerates

Biogenic sedimentary rocks
e Carbonates

e Cherts

e Coals

Chemical sedimentary rocks
Evaporites

Carbonates

Phosphorites

Banded iron formation



Relative-abundance of sedimentary rocks

50

' Shale

' Sandstone

' @ Siltstone

3 Conglomerate
L! Limestone




Minerals of Sedimentary Rocks

» Formed by chemical weathering of minerals that are unstable under
surface conditions — clay minerals, oxides (hematite, magnetite),
hydroxides (goethite, brucite, gibbsite)
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Zone of weathering
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Zone of deposition

"~ Primary.rock -
-~ lgneous - -
Input of energy |, sédimentary Input of solar energy
from plate tectonics to —3| or metamorphic | €—  mainly through the

create topographic relief p - hydrologic cycle

Physical and chemical weathering

Transport by Transport by water

water; wind, and ice ¢ \

Precipitated by Deposited directly as
organisms chemical precipitate

\ / A

Broken, transported, R .
and sorted by wave .emfatlns
action and currents M 3tu

\ A

Deposition, compaction, dewatering, cementation, recrystallization|

\ \

and lithification

Conglomerate Sandstone Mudrock Limestone Evaporite and
Siliciclastic rocks Biogenic carbonate rocks  iron-formation



Sediment Size Classification

Millimeters (mm) Micrometers (um) Phi(¢) Wentworth size class

4096 -12.0
Boulder
256 1 -8.0
Cobble Conglomerate/
64 | -6.0 Breccia
Pebble
4 -2.0

Granule
-1.0
Very coarse sand
0.0
Coarse sand
1.0
Medium sand Sandstone
2.0
Fine sand
3.0
Very fine sand
4.0
Coarse silt
5.0
Medium silt
6.0 - Siltstone
Fine silt
7.0
Very fine silt
8.0

14.0 Clay Clﬂystmﬂ

® = -log, D/D,
D = diameter of particle D, = reference diameter (1 mm)



Sediment size distribution is a function of transport and the environment of
deposition
99,99 Sand to Fine Pebbles, S - Floating Gravel, F

Weight Percent
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Bimodal, B w Mixed Gravel, M
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Frobability sc

Arithmati

4 4.5 PHI Scale

0.067 MM Scale




R, = (4 x hydraulic radius x density x average velocity)/viscosity
R, <500 Laminar R, >2000 Turbulent

Laminar Turbulent flow
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Velocity — _ Velocity —»




Sediment transport

Dissolved load

Erosion
Long-term Suspended load

* suspension (contains silt
and clay)
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Height above stream bed

Velocity (cms)

Deposition
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/;;' Turbulent
eddies

0.1 1.0

Bed load (contains sand, Diameter {mm)
pebbles, boulders)
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Clastic Sediments —— Deposition

Locations where clastic sediment is
deposited, low-lying areas, are largely
controlled by plate tectonics

— Troughs

— Rift valleys

— Trenches and accretionary wedges
— Basins

Continental
crust

Lithosphere




Sedimentary Depositional Environments

Depositional
Environment

Environmental
Characteristics

Organisms

Sediment

Sedimentary
Structures

Sedimentary Rocks

non-marine

river channel

variable stream currert Chigh- to
lowe-EY, weater may dry-up,
oxidstion

land-freshwater plants
& critters

gravel, sand, mud;
variakle sorting &
rounding

crossheds, ripple marks,
graded beds, mudcracks,

plart & animal fossil fragments

conglomerate
sandstone
mudstone

flood plain

floods (lowe-E), dryving,
oxidation, soil farmation

land-freshwater plants
& critters

mud, sand,
well-sorted

bedding, ripple marks,
graded beds, mudcracks,
shundant fossils

mudstone (red beds)
sandstone

river delta

stream current, tides
lowy-E

land-freshwater plants
& critters

zand, mud,
well-sorted

bedding, cross beds,
ripple marks, graded beds,
shundant fossils

sandstone
mudstone

alluvial fan

periodic flazh floods, mudflows
high-E

land plarts & critters

gravel = sand,
pootly-sorted &
angular

plart & animal fossil fragments

sedimentary breccia
arkose

desert dune

variable wind current (high- to
lowy-EX, dry, oxidizing

small inzects & reptiles;
sparse plarts

zand;
weell-sorted &
wyell-rouncded

cross beds, ripple marks,
trace fossils

sandstone

playa

lowy-E, high envaporation, floods
periodically, dry

zmall inzects, reptiles; few
plarts

evaporites, mud

mud cracks, ripple marks,
trace fozsils

evaporite
mudstone

lake

lowy-E, shallowy-deep standing
weater

land-freshwater plants
& critters

mud, sand,
carbonste sediment

bedding, ripple marks,
graded beds, abundant fossils

mudstone
sandstone
limestone

glacier

ice, hare rock, cald

sparse plarts & critters

gravel,
angular & poorly
zorted

Teny

till

transitional

beach

waves Chigh- to lowe-E], tides,
currents, wind

marine & non-marine
critters

gravel, sand, mud,
carbonate sedimert;
weell-zorted &
wyell-rounded

ripple marks, crossheds,
ahundant fossils & fossil
fragments

conglomerate
samdstone
mudstone
limestone & coquina

lagoon

lowy-E | tiddes, not very oxidized

maring & non-marine
plartz & critters

miuc

bedding, ripple marks, abundarnt
foszils

mudstone (green-black, not red)

shallow marine

waves [high- to lowe-E], tides,
strong ocean currents, wind

marine plarts & critters

sand, mud,
carbonate sedimert;
weell-zorted &
wyell-rounded

bedding, crossheds, ripple
marks, shundant marine fossis

sandstone
mudstone
limestone

waves [high- to low-E], tides,
strong ocean currents, wind

marine plants & critters

gravel, sand, mud;
carbonste sedimert;
variakle soring

ahundart marine fossils

limestone breccia
sandstone
mudstone

deep marine

lowy-E, wariable currerts

weeird marine plants &
critters

mud, carbonate &
siliceous ooze

ahundart marine fossils

mudstone
limestone
chert




Meandering stream

Point bar

Overbank floodplain Natural levees River channel
muds and silts sands and gravels




Turbidity Currents

Bouma divisions interpretation

graded bedding

pelagic sedimentation
ar fine grained, low
density turbidity
current deposition

upper parallel laminag 7 ' Sl S P
et _ «sovope Sgs o
ripples, wavy or lower part of lower Sk =
convoluted laminae | flow regime

plane parallel upper flow regime
laminae plane bed
upper flow regime,

rapid deposition and
quick bed

massive, graded




Clastic Sediments — Lithification

Gravel Silty mud Clayey mud

@ compPAcTION

e grains together, thereby reducing the pore
SEDIMENT % : 2

Weight of overlying sediment

«WITH
COMPRESSION
AND TIME, oy
CAN BECOME... a canglomerate. ; shale of mudstone.

,

\
Reduced pore space

AND
© ceMENTATION
When clastic sediment is lithified, the result S b bt it 1 g Prosiiyal Sl i
ce. ¢ i that cement the

Is clastic sedimentary rock
— Conglomerate: rounded clasts > 2
mm x
— Breccia: angular clasts > 2 mm Carnk
AND/OR
— Sandstone: clasts 0.5 - 2 mm

© RECRYSTALLIZATION
— Siltstone: silt and clay-szied
particles

— Shale: mostly clay-sized particles in
a rock that easily splits into sheets

— Mudstone: shale that does not split

lizes and
different

other marine

Shells made of aragonite nite in the shells has been
med into calcite




Chemical sedimentary-rock results from lithification of chemical sediment
formed by precipitation of minerals from water

— Evaporite: formed by evaporation

— Banded iron formation: formed during an atmospheric change from O,-
poor to O,-rich

— Limestone: lithified shells and other skeletal material from marine
organisms

— Chert: tiny particles of quartz from siliceous skeletons of microscopic
sea creatures

Black layers
are rich in
reduced
iron (Fe2+).

Red layers are
rich in oxidized
iron (Fe3+).

White layers
are rich in silica.

Close-up of layers in banded iron formation




Coral Reefs

Living coral and algae Calcareous
forming reef beach sand ©0idsin
Calcareous mud channel
Siliceous and in lagoon
calcareous plankton

Calcareous

green algae
Restricted lagoon with
evaporite formation

Calcareous ooze
arbonate compensation depth

Siliceous ooze

a

Conch shell
fragment

Coralline algae

Echinoderm




CARBON and HEATING VALUE HIGI>

HIGH  MOISTURE CONTENT | Burial pressure, heat, and time

Low Rank Coal Hard Coal ) \W .
470 53% L»
Lignite  Subbituminous Bituminous Anthracite - S
174 30% B2 1% ==
Thermal Metallurgical A 22 : .

Steam coal Caoking coal ngnl‘l'e BI"-'LII'I'I.IHOUS
Sub- bltummous Anthracite

% OF WORLD RESOURCES /\

Largely powar  Power generation Power generation Wanufacture Domestic
genergtion  Cement manufacture  Cemert manufacture  of iron & steel industrial
Industrial uses Industrial uses

USES

. :
Cool Types and Peal AEY
camary  Conontar  COMEL  WOWIER  Reflection in
USA (ASTM) Germany (DIN) Mg o ol %)
Fom Tordd
Orthe-Lignits et Waichbraunkohbs

Mattbraunkohle

TS 6,700 1,604

15 16, 50:0 3950

5 18,000 & 500

Sublsiumimaus

Coal Glanrbraunkohle
SR L 25,000 8, 0060

Flamm&ahle

g Hight Volstile Gastiammkohle
Bituminous Coal

Giaskohba

Bitumin. Goal Fatthakile

Lew Vol Bltumin.
Coal Estkanlo

Semi-Anthracite Magerhahle
ArIRracES Amlhaazil

g Madinm Val.
:

Anthracils




Formation of Petroleum
* Source rock

» Reservoir rock

e Trap

Diagenesis

a Three basic forms of structural traps
v o e in petroleum geology
Katagenesis _ Legend:

r
H HIH - =

l@--.-l Drilling rig
P Porous rock
HF Hon-porous rock

K [PC) Milton Beychak
Metagenesis

—
HC generation
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