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Last Time (before the break) 

Web notes 15A: Beaches 
Web notes 15B: Shelves 

 

1) Deltas 
2) Types of modern beaches, waves and beach dynamics 

3) Shelves (Biochemical and Chemical Rocks) 
4) Reefs, atolls and oolites 

5) Evaporites and evaporite basins 

Sedimentary Environments Part 2 



Deltas 

http://www.tulane.edu/~sanelson/images/delta.gif 

Delta: siliciclastic depositional 
environments formed at the 
point where rivers meet bodies 
of water 
 



Deltaic Processes 
However, sediment, being denser, still settles out of the water 
column. Coarse stuff (sand) is deposited close to the shoreline. 
Fine stuff (mud) is deposited further seaward 

Fining 



 

Types of Beaches 



 

Beach Terminology 

Shelf Beach To 150 m 
water depth 

10 m water depth 



 

Waves 



 

Beach Morphology 



The Shelf 
But biochemical sediment may be deposited further out on shelves. 

Siliciclastic sediment 
(beaches, deltas) 

5000 m 



The Shelf 

Biochemical “sand” 

Oolitic limestone 



Coral Reefs 

Atolls are isolated 
coral reefs that form 
on shelves or in much 
deeper water 



Evaporite Basins 

If evaporation is 
extreme, shallow sea 
water (e.g., in tidal 
flats) can completely 
dry up precipitating 
dissolved “salts”. 
These areas are called 
evaporite basins or 
sabkhas. 



Evaporite Basins 

Evaporite minerals are 
precipitated in these 
depositional 
environments  

Halite 



Evaporite Basins 

First                                        Last 
Calcite (ooids)  Dolomite        Gypsum        Anhydrite         Halite          Sylvite* 



Today 

1) Deep Marine Environments 
2) Groundwater   

 
Web notes 17 



Deep Marine Environments 
Occur in water off the shelf (e.g., > 150-200m) 

5000 m 



Deep Marine Environments 
The deepest part of the ocean floor is relatively flat and is called 
the abyssal plain.  

http://faculty.gg.uwyo.edu/heller/Sed%20Strat%20Class/SedStrat%207/SedStrat7.html 



Deep Marine Environments 
Submarine fans develop where the slope and abyssal plain meet 
(i.e., where the gradient flattens out). 

http://faculty.gg.uwyo.edu/heller/Sed%20Strat%20Class/SedStrat%207/SedStrat7.html 



Submarine Fans 
 

Submarine fans: 
accumulations of siliciclastic 
sediment from the shelf break 
onto the base of the 
continental slope 

http://www.dkimages.com/discover/previews/851/20117924.JPG 



Submarine Fans 
 

They are hard to study as they are in 
very inhospitable environments 
(accessible only via expensive 
technology) 

http://www.dkimages.com/discover/previews/851/20117924.JPG 

Mini sub being lowered 
into the sea 



Submarine Fans 
 

http://www.indiana.edu/~g105lab/images/gaia_chapter_13/sfs026.gif 

Submarine fans are found at the end of 
river mouths/deltas around the world. 

http://faculty.gg.uwyo.edu/heller/Sed% 



Like their alluvial fan counterparts, submarine fans are fan-
shaped and “fine” in a proximal to distal direction 

A 

B 

A 

B 

Submarine Fans 
 



Submarine Fans  
 

http://www.geol.umd.edu/~jmerck/geol100/lectures/31.html 

1 

2 

3 

Submarine fans can also 
be divided into 3 zones 
 
1: Proximal (upper) 
2: Middle 
3: Distal (lower) 



Just how exactly does sediment derived from the weathering 
of mountains make it out onto the abyssal fan? 
 
 
…. the answer came from a surprising event in an isolated 
part of the north Atlantic Ocean off the coast of 
Newfoundland, Canada near where the Titanic went down 
(albeit 17 years later). 
 

Density Currents 

Deep Marine Transport Mechanisms 



http://instruct.uwo.ca/earth-sci/200a-001/07turbidity.jpg http://serc.carleton.edu/ 

Deep Marine Transport Mechanisms 
Density currents have long been studied by geologists and 
engineers. Ultimately they produce one of the most diagnostic 
rock types in geology… 
 
The turbidite. 



Density currents are fast! 

http://www.geol.lsu.edu/jlorenzo/PhysicalGeology_F2004/images/Turbidity.gif http://www.ocean.uni-bremen.de/  

Cable  Time to break 
(mins) 

Velocity 
        m/s                        km/hr 

1 183 20.3 73 

2 541 14.4 56 

3 618 12.8 52 

4 797 11.4 41 

Deep Marine Transport Mechanisms 



Deep Marine Transport Mechanisms 

Cables near the epicenter of the earthquake broke 
at the same time as the quake itself (yellow dots). 
The last cable, 600 km south, broke 13 hours 
after the earthquake.  

 

http://earthnet-geonet.ca/images/communities/earthquakemap.gif 



http://earthnet-geonet.ca/images/communities/earthquakemap.gif 

Twenty-five years later, south of the 
earthquake site, a layer of sand was 
discovered on the sea floor, covering an 
area twice the size of Texas (shown above 
in light blue). And evidence of vast 
underwater landslides was found near the 
epicenter 

Deep Marine Transport Mechanisms 

Cables near the epicenter of the earthquake broke 
at the same time as the quake itself (yellow dots). 
The last cable, 600 km south, broke 13 hours 
after the earthquake.  

 



Turbidites 
 

Turbidites are formed 
due to sedimentation 
from a gradually 
slowing density current 
and are primarily 
recognized on the basis 
of their fining-upward 
nature. 

http://regentsprep.org/Regents/earthsci/units/weathering/gradedbedding.gif 



Turbidites 
 Turbidite sequences can consist of 1000’s of individual beds and 

can collectively produce sedimentary sequences 100’s of 
metres thick. 

http://www.geoclastica.com/images/MisoaFm.jpg 

Upper Carboniferous (Namurian), Ireland. Note bed tabularity.  



Chalk 
Siliciclastic sediment is not the only deep water deposit on the 
seafloor.  

You also get chalk (it 
tends to form on the 
abyssal plane in areas 
free of siliciclastic 
input) 
 
 
The “white cliffs” of Dover, 
England 

http://farm1.static.flickr.com/119/290719612_5a27cbaf61.jpg 



Chalks 
Chalk is a generally white powdery rock that is composed of 
exceedingly small fossils (nannofossils). 

http://www.physicalgeography.net/fundamentals/images/chalk.jpg 



Chalks 
You can only see these “beasties” (coccoliths) under an electron 
microscope. There are estimated to be 40 billion of them in every 
sugar cube-sized piece of chalk on the planet (that’s a lot!). 

http://www.physicalgeography.net/fundamentals/images/chalk.jpg 0.001mm 



Lecture 17 

Groundwater   
The hydrosphere and the hydrological cycle 

Groundwater concepts 
Groundwater topography (“Karst”) 

 

Web notes 17 



Hydrosphere 

The hydrosphere is 
defined as all the 
water above, on and 
in the Earth 
 

hydrosphere 



Groundwater 

Water: yet another 
resource that 
geologists “explore” 



Hydrological Cycle 

Water in the 
hydrosphere is 
circulated within the 
hydrological cycle 

 

http://www.coloradocollege.edu/dept/ev/courses/EV211WWW/hydrological%20cycle.jpg 



Hydrological Cycle 

Most of the planet’s 
water is in the oceans 
(96%) followed by the 
ice caps (3%) and then 
groundwater (1%) 

 

http://www.coloradocollege.edu/dept/ev/courses/EV211WWW/hydrological%20cycle.jpg 



Groundwater 
Groundwater is water that infiltrates below the Earth’s surface 

 

http://www.belmont.sd62.bc.ca/teacher/geology12/photos/erosion-water/permeability.gif 

Porosity: percent void 
space in a material 
Permeability: degree of 
connectivity of pores 
(ability of a material to 
transmit a fluid) 
 



Groundwater 
Groundwater is water that infiltrates below the Earth’s surface 

 Porosity: percent void 
space in a material 
Permeability: degree of 
connectivity of pores 
(ability of a material to 
transmit a fluid) 
 
Common permeable 
geological material 
includes the sandstones, 
limestone, marble, fault 
breccia 

http://www.belmont.sd62.bc.ca/teacher/geology12/photos/erosion-water/permeability.gif 



Water Table 

The water table is a planar surface that separates 
the saturated and undersaturated zones  

http://myweb.cwpost.liu.edu/vdivener/notes/water_table.gif 



Water Table 

The water table is a planar surface that separates 
the saturated and undersaturated zones  

http://myweb.cwpost.liu.edu/vdivener/notes/water_table.gif 

Undersaturated zone (Vadose) 
Straight down water movement 

Saturated zone (Phreatic) 
Lateral? water movement 



The water table is a subdued replica of the overlying 
topographic surface 
 

http://earthsci.org/education/teacher/basicgeol/groundwa/chwattab.gif 

Water Table 



Where the water table intersects the surface there will be a 
water discharge (spring, pond, lake or stream) 
 
 

http://earthsci.org/education/teacher/basicgeol/groundwa/chwattab.gif 

Water Table 



Porous layers that are capable of passing water and releasing 
it at springs and/or wells are called aquifers. 
 

http://www.tol.ca/files/web_images/engineering/environment/WebImages/unconfined.jpg 

Water Table 



Clay layers may act as aquicludes and generate a perched 
water table (a localized water table). 
 

Water Table 



The recharge area is where the precipitation enters the 
groundwater system 
 

http://groundwater.oregonstate.edu/sites/default/files/u1/rechargeb.gif 

Water Table 



Hydrothermal Systems 
• Groundwater heated by magmatic sources is said to be 

hydrothermal 



Karst Topography 
Limestone dissolution features 
are abundant and diverse both 
at the surface and 
underground 



Karst Topography 
Small Scale 

 
•rillenkarren (karren) 
•solution pits 
•pavements 



Karst Topography 
Large Scale 

 
•caves 
•sinkholes 
•disappearing streams 
•tower karst 
 

http://www.devsys.co.uk/Album/Places%20of%20Interest/limestone%20caves.jpg 



Karst Topography 
Large Scale 

 
•caves 
•sinkholes 
•disappearing streams 
•tower karst 
 



Today’s Homework 
1. Download and read Web Lecture 17 

2. Mac and Cheese food drive (bonus!) 

Next Time 
 1. Lecture: Hydrogeology  

Assign. 2: Groundwater issued (Due next Thursday)  

2. Quiz (Compare and contrast) 
3. One week today!: Lecture Test 2 (Oct 18) 



GY 111: Physical Geology 

Lecture 16/17: Deep Marine Environments 
and Groundwater 

 

Instructor: Dr. Doug Haywick 
 

dhaywick@southalabama.edu 
 
 

This is a free open access lecture, but not for commercial purposes.  
For personal use only.  
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