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LECTURE 3

Sedimentary rocks
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SEDIMENTARY ROCK = formed near the Earth’s surface
by the cementation of clasts, (fragments) produced by the
disruption of pre-existing rocks, or by the accumulation of
organic and biologic remains.
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Simple model for the formation of Sedimentary
Rocks




Simple model for
the formation of
Sedimentary




Sedimentary Rock Classification

Clastics form by  Sandstone carbonates form
compaction and 100% by compaction

lithification of and lithification of
clastic sediments = / \ / organic or

or lithic / \ 80%  inorganic
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3. SEDIMENTARY ROCKS

Based on their origins sedimentary rocks are divided in:

1. CLASTIC

2. BIOCHEMICAL
3. ORGANIC

4. CHEMICAL

Sedimentary rocks can be divided on the basis of their composition: e.g.
siliceous, carbonatic, etc.

Chemical:
minerals that

1 crystallize directly
@ cemented from water.

88 shells of . ‘ m warer.
A" Organisms. W !

:/ \
- ORI
v

Organic: carbon-
rich remains from
dead organisms



3. SEDIMENTARY ROCKS

Clastic sedimentary rocks

New sediment

) arrives
Weathering

Solid particles and ions
are transported in
surface water (in river). Water

Weight of
overburden
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in solution in . >—‘\;- & ] L Y 1 !L S0 g_!_-ou?.dwa_tg % Compactlon and
groundwater. o ne; , cementation occur.
Sandstone and conglomerate
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Increasing pressure and increasing compaction

WEATHERING




3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION

Closer o source. ) farther fom source

Grain size




3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION

R

Angularity

Angular Subangular Subrounded
Fresh detritus is usually angular and Grain roundness, sphericity and
poorly sorted sorting increase with transport.
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3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION

Maturity

Alluvial fan
) TS s
Feldspar weathers to clay; < /Af/ L00Deeg’s o — T
clay gets washed away. : 1 ‘ l\'f’f Lithic clast
) Quartz sand grain
o  Silt grain
~ Feldspar

Lithic clasts break \%/ Clay flakes
il

into individual grains.

Less mature

These rock and mineral fragments e TP BRI [ Feldspar
2 : : A X ‘l\? ? .’ X
are derived from chemical and b 3§ Ay ,
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S P . ey,

physical weathering of a
Precambrian granite retaining
similar composition.

These sediments are poorly sorted
and less mature




3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION

CEMENTING MATERIALS

* Quartz
» Calcite

* Aragonite

 Dolomite

 Ankerite

« Hematite



3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION

Clast Size*

Coarse to very coarse

Medium to coarse

Fine

Very fine

Clast Character

Rounded pebbles and cobbles
Angular clasts
Large clasts in muddy matrix

Sand-sized grains
e quartz grains only
* quartz and feldspar sand
* sand-sized rock fragments
* sand and rock fragments in a clay-rich matrix

Silt-sized clasts

Clay and/or very fine silt

Rock Name (Alternate Name)

Conglomerate
Breccia
Diamictite

Sandstone
e quartz sandstone (quartz arenite)
* arkose
¢ |ithic sandstone
e wacke (informally called graywacke)

Siltstone

Shale (if it breaks into platy sheets)
Mudstone (if it doesn't break into platy sheets)




A conglomerate is
a sedimentary
rock consisting
of rounded
fragments of
individual clasts
within a finer-
grained matrix
that have
become
cemented
together.

Deposited farther
from the source
than breccia.
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3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION

Lithification

Sediment

BRECCIA: coarse, angular rock fragments.
Angularity indicates the absence of rounding by
transport, hence, deposited relatively close to clast
source.




Conglomerate (rounded clasts)
Breccia (angular clasts)

Matrix = all the fine grained “stuft” between the
Clast Clast larger grains

Matrix



3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION
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SANDSTONE: clastic rock made of sand-sized particles. Quartz is, by
far, the most common mineral in sandstones.




3. SEDIMENTARY ROCKS
Clastic sedimentary rocks: CLASSIFICATION




3. SEDIMENTARY ROCKS
The CaCO; in limestone

Biochemical sedimentary rocks
comes from shells from a

Nannoplankton § Corals & Shells diversity of organisms

(plankton, corals, clams,
snails, etc.).

Biochemical limestone
forms in a unique
depositional environment
such as warm, tropical,
shallow, clear, O,-rich,
marine water.

These rocks may preserve
the original shape of the
organisms which
contributed to the rock
formation.
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3. SEDIMENTARY ROCKS

Organic sedimentary rocks

CHANGES IN RANK OF COAL

INCREASE
IN HEAT
AND
PRESSURE

PEAT BROWN COAL SUB-BITUMINOUS COAL BITUMINOUS COAL

Carbaon content 60%, Carbon content 60-71%, Carbon content 71-77%, Carbon content 77-87%,

volatile matter > 53%, volatile matter 53-49%, volatile matter 49-52% volatile matter 42-29%,

average calorific value 16800 kj/kg, average calorific value 23000 kj/kg, average calorific value 29300 kj/kg, average calorific value 36250 kj/kg,
moisture conlent > 75% (in-situ).  moisture content 35% (in-situ ). moistire content 25-10% (in-situ).  moisture content 8% (in situ).




3. SEDIMENTARY ROCKS

Chemical sedimentary rocks

Salt on the floor of Death
Desert Valley, California

w%ﬁ‘%ﬁ‘t‘.w S T »r? o -
Water and Water i i %va e
salt in stream Salt evaporates.

precipitates.
Salt
/| Dprecipitates.

Salt accumulates as a
result of evaporation.

Chemical sedimentary rocks |
are comprised of minerals
precipitated from water
solution.

They have a crystalline
(interlocking) texture
developed from initial crystal
growth from solution (which g~

may be recrystallized during  #.eo.. 7 4 AL
burial). W{ N A B : AW



3. SEDIMENTARY ROCKS

Chemical sedimentary rocks

TRAVERTINE: calcium
carbonate (CaCO,)
precipitated from ground
water where it reaches the
surface.

Dissolved calcium (Ca?*) reacts
with bicarbonate (HCO; ). When
CO, is expelled into the alr, it
causes CaCOg; to precipitate. This
process occurs in thermal (hot)
springs and in caves.
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3. SEDIMENTARY ROCKS
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Sedimentary structures

A layer of silt,
deposited during
normal river flow

These reddish sandstones
and shales ("redbeds”)
have horizontal bedding.

Silt

Basement

A layer of gravel,
deposited during flood

Bedding
Later, another layer

of silt accumulates. Siltstone

Conglomerate

Siltstone

After burial, the sediment
turns to beds of rock.




Distinct rock units that are so unlque that they can be recogmzed (and
mapped) over large regions, are termed formations (FM). Formations are
named for places where they are best exposed. Geologic maps display the
distribution of formations.




3. SEDIMENTARY ROCKS

Sedimentary structures




3. SEDIMENTARY ROCKS

tary structures
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3. SEDIMENTARY ROCKS

Sedimentary structures




3. SEDIMENTARY ROCKS

Sedimentary structures

Water flowing over loose sediment creates bedforms, which directly
reflect flow velocity and grain size. Bedforms in ancient sediments are
useful indicators of environmental conditions.

Backside

of the dune

===, Base of "%}
| , Slip face
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3. SEDIMENTARY ROCKS

(453

Sedimentary structures

g

Steepe
slope

s ~ BT

Asymmetric ripples develop as the result
of current flow in one direction. In cross
section, the ripples have a short, steeper
slope in the down-current direction and a
longer less-steep ramp on the up-current
side.




3. SEDIMENTARY ROCKS

Sedimentary structures

Time 1 |

Position of dune
crest at Time 1

Slip face

Deposition

Cross bed
Erosion
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3. SEDIMENTARY ROCKS

Sedimentary structures

35



3. SEDIMENTARY ROCKS

Sedimentary structures

in

Symmetric ripples have sharp ridges and
concave-up troughs. They form in response

to the back-and-forth swash of water waves

i



3. SEDIMENTARY ROCKS

Sedimentary structures

B becding = = @& Dunes are similar to ripples
IN%E ‘ f_ = except they are much larger (tens

bedding .= =~ = of cm to hundreds of m). They

= = occur in streams and in desert or

beach regions from water- or

wind-transported sand.

37



3. SEDIMENTARY ROCKS

Sedimentary structures




3. SEDIMENTARY ROCKS

Sedimentary structures

In a turbidity current,

sediment and water flow Turb|d|ty CurrentS are
chaotically downslope. - o
- - formed in deep basins
, that receive periodic
. S % Sea level N .
Shoreline — <88 £ . | pulses of turbid water.

PP ’ Such pulses might result
from an earthquake
shock loosening sediment
on a slope.

Sediment breaks loose
and avalanches down a

The turbidity current slows
and deposits sediment in a
submarine fan.

This process forms
graded beds
(coarse to fine

Time (decreasing turbulence)



3. SEDIMENTARY ROCKS

Sedimentary structures
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3. SEDIMENTARY ROCKS
Depositional environments: TERRESTRIAL

In glacial environments, sediments
are created, transported, and
deposited by the actions of moving
glacial ice. Ice carries and dumps
every grain size.

A common feature of this
environment is glacial till, a poorly
sorted mixture of all grain sizes,
gravel, sand, silt, and clay.

Alluvial fans are
cone-shaped
wedges of
sediments that
pile up where a
rapid drop in
stream velocity
occurs at a
mountain front.




3. SEDIMENTARY ROCKS
Depositional environments: TERRESTRIAL

= o




3. SEDIMENTARY ROCKS
Depositional environments: TERRESTRIAL

Fine sand, silt, and River environments preserve evidence of

clay are deposited on channelized sediment transport. Sand and gravel

nearby flood plains. fill concave-up channels that often scour into
previously deposited floodplain fines.




Marsh
River-mouth (organic-rich mud)

sand and silt River

strata  River
Shoreline ' . channel

Organic-rich
mud

\ W S oy / Fluvial channel
Not N i 4 sand and silt
to scale N 4 : "
Shallow-marine

mud and silt

Silt, interbedded
with mudflows

and turbidites
Deeper-water

mud and silt
Note that here, deeper-water

sediments are being buried
by shallower-water sediments.

Sediment piles up in a delta where a
river enters a lake. They often show
bottomset geometry.

DELTA and ESTUARIES:

(LAKE) and marine.

both terrestrial

Standing
water




Marsh
River-mouth (organic-rich mud)
sand and silt

River
_ strata  River
Shoreline } gy 3 channel

Organic-rich
mud

ubmarine
udflows

ial channel

Not ~ N 7 . WYY B 3 ‘ SR ; y '
N . / sand dmne
to scale N N, W L / .
. Turbidite 117/ /X Shallow-marine

% i / mud and silt
Y Silt, interbedded

with mudflows

and turbidites
Deeper-water

mud and silt

Note that here, deeper-water
sediments are being buried
by shallower-water sediments.

In a marine delta environment, sediment accumulates where river

velocity drops upon entering the sea. Deltas grow over time, building
out into the basin.




Calcite sand

Lagoon

' Calcite sand “ﬁﬁ%ﬁg- 7
Calcite mud
Reef buildup  Broken fragments
of reef

SHALLOW MARINE DEPOSITS:
e.g. REEF CARBONATES




CHAPTER 7 of the TEXTBOOK:
Pages of Earth’s Past: Sedimentary Rocks
pp. 202 - 232
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