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Okay. First you learned where groundwater is. Then you learned how it moves 
through different rock layers. And now you know about pollutants. Time to put 
them all together. Time to find. out what happens in YOUR area of Virginia. 

It would be easier if Virginia's rocks and rock layers were the same all across the 
state. They aren't. Virginia has five main geologic regions (sometimes called . 
provinces). The map below gives a general indication of the extent of each 
region. (More detailed maps are available from two state agencies. A geologic 
map of Virginia is available from the Department of Mines, Minerals and Energy. 
A groundwater map can be obtained from the Virginia Water Control Board.) 

Remember the major kinds of deposits that aquifers are found in - the 
unconsolidated (like gravel), the sedimentary (like sandstone and limestone), and 
the crystalline (like granite)? Each of Virginia's regions has a distinctive set of 
rocks, mostly falling in one of those three categories. 

The Coastal Plain is mostly unconsolidated deposits; the Piedmont, crystalline; 
the Blue Ridge, crystalline and sedimentary; the Valley and Ridge, mostly 
sedimentary; and the Cumberland Plateau, sedimentary. 

COASTAL PLAIN 

The coastal plain's deposits are mostly sand, gravel. silt and clay. Shallow (near 
the surface) aquifers in the sands and gravels lie on top of the clay layers. Clay is 
relatively impermeable (the water can't easily soak down through it) so water 
collects on top of the clay, in deposits of sand or gravel. 

Unit 4: Virginia's 
Regions 

Virginia's five regions are, from west to east, the Cumberland Plateau, Valley and Ridge, Blue Ridge, Piedmont, and 
Coastal Plain. 
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BUT - water which filters only through sand or gravel doesn't have much 
chance to get rid of unwanted tag-alongs.lf the water goes in polluted, it comes 
out that way, too. 

The Coastal Plain also has sand and gravel aquifers caught beneath the clay 
beds. Those aquifers are called confined aquifers because the water in 
them is sandwiched between two impermeable layers (here, the impermeable 
layers are clay). These confined aquifers are the main sources of groundwater 
for Coastal Plain users. 

The good points about these confined aquifers are: they have higher yields (you 
can get more gallons per minute out of them) than the shallow aquifers do; and 
the quality may be better because the water is protected from surface 
contamination by the overlying clay layer. 

The bad points are: it costs more to drill wells into deeper aquifers; and deeper 
water may have too many dissolved minerals and salts to be drinkable. You're 
particularly likely to hit salty water in a deep aquifer if you're near the coast. 

THE PIEDMONT 

The Piedmont's rock strata are mostly crystalline rocks like granite and gneiss 
(pronounced: "nice"), in which the only useful water passages tend to be in 
fractures and faults (cracks). Because there are fewer and smaller water-bearing 
fractures the deeper you go, the only really useful supplies of water are found 
within a few hundred feet of the surface. 

Unlike many other areas in Virginia, the Piedmont has a generous soil layer 
overlying its fractured crystalline rocks. Wells in the Piedmont are often shallow 

Piedmont 

Simplified cross-section of Virginia shows the five provinces: Cumberland Plateau. Valley and Ridge. Blue Ridge. 
Piedmont (including Triassic Basins). and Coastal Plain. (Used by permission of Lyle Silka. Hydrosystems. Inc.) 
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-less than 75 feet deep - and the water quality tends to be very good because 
of the overlying soil layer. (Good, that is, except where the water has been 
contaminated because of human activities.) 

The Piedmont also has some curious areas called Triassic Basins (Triassic refers 
to the age of geologic history during which the basins were formed - about 200 
million years ago, when dinosaurs roamed the earth). The Triassic Basins are 
sandstone and shale with some crystalline intrusions (rocks that were injected 
- while they were still hot and melted - into the sedimentary rocks that were 
already there. After the intrusions cooled, they hardened and crystallized.) 

The sandstones of the Triassic Basins are good quality aquifers, but deeper 
aquifers and those near the crystalline intrusions yield poorer quality water. 

BLUE RIDGE 

In the middle of the state is a narrow region called the Blue Ridge. It has the 
highest mountains in the state, but the rocks on the eastern flanks are different 
from the rocks on the western flanks of the mountains. On the eastern side, the 
rocks are mostly crystalline. The only source of water here is - you guessed 
it - in the fractures and faults. 

.-------------------GROUNDWATER IN VIRGINIA 

Adapted from "Groundwater Map of Virginia," Virginia Water Control Board, 1985 

Cumberland Plateau Piedmont 
D nearly flat-lying sedimentary rocks D crystalline rocks (except sedimentary in Triassic Basins) 
D small to moderate supplies available D small to moderate supplies available 
D generally poor quality water D generally good quality in crystalline 
D moderate pollution potential D moderate to low pollution potential 

Blue Ridge	 Coastal Plain 
D	 crystalline rocks (eastern side)/sedimentary D unconsolidated layered sediments 

rocks (western side) D very large supplies available 
D	 small supplies available D generally good quality 
D generally good quality	 D moderate pollution potential; high pollution potential 
D moderate pollution potential	 in shallow aquifers 

Valley and Ridge 
D folded, faulted sedimentary rocks 
D moderate to high yields 
D quality varies: good in quartzites, hard in carbonates (like limestone), 

poor in shales (sedimentary) 
D pollution potential varies: low in folded sedimentary except along faults, 

moderate in shales, high in areas with solution cavities and sinkholes 
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But on the western slopes, the rocks are sedimentary (like sandstones and 
limestones), through which water travels down fairly easily to the lower slopes. 
Water moves through these rocks not only through their pores spaces and 
solution channels but through fractures (from mountain building) as well. 

VALLEY AND RIDGE 

The Valley and Ridge area is underlain mostly by limestone, dolomite (a cousin of 
limestone), sandstone, shale (a rock made from clay), and conglomerates. 

Conglomerates are rocks made from pebbles and chunks of old, broken rocks, all 
now held together by natural cements. Because conglomerates are made of 
pieces of earlier rocks, they can have any kinds of rocks or minerals in them.. 

The Valley and Ridge area has only a thin soil layer, so there's not much of a 
filtering system to clean water before it reaches the water table. 

The limestone and dolomite are found largely in the valleys. They have very 
productive aquifers in them. The limestone is so soluble (easily dissolved) that in 
many places in this region, the limestone layer has partly or completely dissolved 
away, leaving caves and sinkholes (where the earth has caved in). 

,DEMONSTRATION 6: SINKHOLES AND CAVES----------------, 

PURPOSE: To demonstrate how sinkholes and caves Tilt the box (prop something under the high corner) so 
form that the water drains toward the corner with the hole. 

MATERIALS: stream table or box lined with a plastic "Rain" on the sand once a day until the sand begins to 
garbage bag sink where the sugar deposit is buried. Once the 

sand subsidence (sinking) begins, continue the daily watering 
sugar process but use a smaller amount of water. 
water 
plant mister or garden watering can RESULTS: Where there once was flat sand (above the 

buried sugar), there is now a depression. 
PROCEDURE: If you don't have access to a stream table, 
line a heavy cardboard box with a plastic garbage bag. CONCLUSION: As the water leached away the sugar, 
Punch a hole in one corner ofthe box (and liner) for water increasingly large spaces were leh empty. Eventually 
to drain through. there were so many "solution channels" or empty spaces 

that the overlying sand layer could not be supported. 
Fill the box with sand. Dig out a hole 5"-10" wide When the sand finally collapsed, a sinkhole was formed. 
(depending on the size of your box) and 3"-5" deep. Pour 
in enough sugar to nearly fill the hole (leave about 1/2" Limestone is a rock easily dissolved by groundwater. The 
to 1"). Fill in the last 1/2" to 1" with sand, so that the dissolution of limestone by groundwater over many 
sugar deposit is buried. thousands of years creates the sinkholes and caves 

which are abundant in the limestone regions of Virginia. 
Using a watering can or a plant mister, water the box of 
sand. Use enough water to saturate the top few inches of QUESTIONS: 
the sand, but be very careful not to disturb the surface. 1. What natural process does the watering represent? 
(You must water the sand gently, or the force of the water 2. What rock might the sugar represent? 
will rearrange your sand and sugar deposits. Be sure not 3. What characteristics must a rock have to be suitable 
to pour the water from too high above the sand and do not for forming sinkholes and caverns? 
pour in one place too long.) 4. Why did the sinkhole form only over the sugar deposit? 
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One problem here is that people for years and years have used sinkholes to 
dump garbage in - out of sight, out of mind, but also, unfortunately, into the 
groundwater system that carved out the sinkhole in the first place. 

Rainfall in limestone areas can also carry pollutants - like animal manure, 
fertilizers and pesticides - into sinkholes. The waterflowing through a sinkhole 
(or any kind of cave, for that matter) may finally come out at a spring, possibly one 
used as a someone's water supply. 

Stalactites hang from the cave ceiling; stalagmites build up from the floor. 

,----------------------------CAVES 

One ofthe things rainwater does when it begins trickling 
down through ground is to dissolve carbon dioxide from 
dead plants in the soil. The water and the carbon dioxide 
team up to produce carbonic acid (H2C03). Result: the 
rainwater - nowgroundwater - becomes weakly acidic. 

Acidic groundwater has quite an effect on a rock called 
limestone: it dissolves it. 

Not all at once, of course. But little by little, the water 
carries away traces of the limestone, a rock which is 
based on the mineral calcite (CaC03: calcium carbonate). 

The dissolving process begins in the limestone's cracks 
and fractures. As the water carries away more and more 
of the limestone's calcite, the cracks get bigger. In several 
hundred thousand years, enough limestone may have 
dissolved away so that great gaping caverns are left 
hidden under the ground. 

Scientists think that most ofthe dissolving-awayprocess 
takes place at whatever level the water table is at the 
time. But cave formations like stalactites and stalagmites 
(stalactites hang from the cave ceiling; stalagmites project 
upward from the floor) can't form until the cave passage 
is above the water table, no longer in the saturated zone. 

They must wait until the cavern itself has formed and the 
water table has dropped. 

The fantasy-like formations begin as single drops of 
water on the ceiling or wall of a cave room. Just like the 
water that dissolved and carried away limestone to create 
the cave in the first place, the water droplet clinging to the 
cave ceiling has dissolved calcite in it, too. 

When the calcite-laden water drop enters the cave air, 
some ofthe C02 from the calcite and acidic water (CaC03 
and H2C03) diffuses back into the air. With its chemical 
balance changed, the water droplet gives up some of its 
calcite. It deposits it in a tiny ring on the cave ceiling. 

Each water droplet deposits a trace more ca Icite at the tip 
of the one before it. Eventually a delicate, hollow tube is 
formed. The young formation is called a "soda straw." 

Over the years, the calcite layers build up, sometimes to 
astonishing thicknesses. Sometimes they form the 
familiar stalactites and stalagmites we've all seen pictures 
of. Sometimes they form more fantastical shapes: delicate 
miniature dams holding tiny pools of water, or cobble­
shaped "flowstones" that look like they're still in motion. 
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Although the valleys are usually limestone and dolomite, the higher elevations 
are often sandstone and shale, which yield only enough water for rural supplies. 

The Valley and Ridge area is full of fault zones, huge cracks that formed when 
the mountains were being built. The fault zones have the highest yields in this 
province, but they are also the most likely to be polluted, because the water in 
them doesn't have much chance to filter through soil. 

CUMBERLAND PLATEAU 

West of the Valley and Ridge is a province called the Cumberland Plateau. It's 
underlain by sandstone, shale, and coal. 

The coal may be great for the area's economy but it can be very hard on the 
quality of the groundwater. Because coal releases some unwelcome elements 
(sulfate, sulfite, and iron) into the groundwater, groundwater within the first 100 
feet of rock below stream level isn't usable. The best water seems to come from 
bedrock above stream level. 
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Groundwater faces a lot of different problems, such as hazardous wastes buried 
in old landfills, leaking storage tanks, faulty septic systems, overused pesticides 
and fertilizers, and industrial chemicals leaking out of disposal ponds. 

But groundwater also faces some threats that we can help prevent. Here's what 
you can do: 

* Don't pour any toxic or hazardous substances (including paints, varnishes, 
thinners, waste oils, pesticides and herbicides) down the drain or into the toilet. 

* If you change the oil in a car, take the time to find an oil collection center (at 
service stations) near you. That oil can be recycled. And if the oil is recycled, that 
means it won't end up in our groundwater. To find a collection center near you, 
call this toll-free number: 1-800-552-3831. 

* Don't dump anything down a sinkhole! 

* When you use fertilizers or pesticides, follow the directions. When you're 
through with the product, read the label again to see how to dispose of the 
container. Some of these products can be toxic, so you have to be careful how 
you throwaway the containers. If the label doesn't tell you the proper way to get 
rid of the container, ask your local extension office or health department. 

* For anyone with wells: Be very careful what you store near a well. Don't store 
fertilizers, pesticides, oil, gasoline, or diesel fuel within 20 feet of a well. Don't 
even use fertilizers and pesticides within 20 feet of a well. Don't dump any kind 
of wastes near a well. And don't build livestock pens or barns near a well. 

Unit 5: What We
 
Can Do To Help
 

Use only the amount of pesticide or fertilizer recommended by the product label; overuse can contaminate water 
supplies. And never dump toxic substances into household plumbing. They can pass through a septic system or sewage 
treatment plant and contaminate water supplies. 
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Cover your well with a capto keep unwanted items out. Siopethesoil around the 
well so that rainwater or other surface water runs away from the well. 

And for anyone with an abandoned well: You can ask the Virginia Water Control 
Board how to fill in and plug the abandoned well properly. If you don't plug it, 
surface water (and contaminants) can flow down the well and enter the 
groundwater directly. Don't throw any kind of wastes -liquid or solid - in an 
abandoned well for the same reason. 

* For anyone with septic tanks: have your tank pumped out regularly so your 
system doesn't get clogged. Spread throughout the week those household 
chores (such as washing clothes) that use a lot of water. Otherwise, your system 
may not be able to handle that much wastewater. 

* And last but just as important: give water conservation a try. The less water 
we use, the less that has to be cleaned up before it is available again. Install 
water-saving devices like flow restrictors in faucets. Take shorter showers. Fix 
dripping faucets and leaking toilets. Make sure the dishwasher and the clothes 
washer are full before you run a load. Don't leave the water running while you 
wash the car or handwash dishes or brush your teeth. 

It's true that there are no easy answers to keeping our groundwater safe and 
pure. If we're going to have enough clean water for drinking and for indoor 
bathrooms and for agriculture and for manufacturing and for recreation, then 
we better start taking care of it right now. We have to understand what 
groundwater is, where it's been, and what we've done that might affect it. 

You know at least some of those things. But most importantly, you know that 
groundwater needs to be taken care of. And you know how to do that part. 



GLOSSARY
 

ACID MINE DRAINAGE: a potential groundwater pollutant 
formed when a mineral (pyrite) in coal seams is exposed to air 
and water and produces sulfuric acid 

AQUIFER: an underground rock zone or soil layer that contains 
usable amounts of groundwater 

CONE OF DEPRESSION: the cone-shaped dip in the water 
table around a well 

CONFINED AQUIFER: a water-yielding layer of rock or sand 
trapped between two impermeable rock layers (layers through 
which water can't move) 

CONGLOMERATE ROCKS: rocks made from pebbles and 
chunks of older rocks, now held together by natural cements 

CRYSTAWNE ROCKS: rocks made of tightly interlocked crystals 

DISCHARGE: any of the ways that groundwater comes back 
out to the surface - springs, creeks, being pumped from 
a well, etc. 

FAULT: a rock fracture in which one or both sides ofthe broken 
rock have been displaced (shifted from the original position). 
Groundwater moves very rapidly through faults 

FRACTURE: a crack in a rock. Groundwater can travel quickly 
through rock fractures 

GROUNDWATER: water under the surface of the earth 

HAZARDOUS WASTE SITE: a place where harmful materials 
have been dumped, spilled, leaked, or buried 

HOT SPRINGS: groundwater heated by very deep rocks before 
coming back out to the ground's surface as a spring 

HYDROLOGIC CYCLE: the way the earth recycles water from 
the atmosphere down to (and through) the earth and backto the 
atmosphere again 

IMPERMEABLE: refers to rock and soil layers through which 
water cannot move 

LANDFILL: the site where a city or county dumps its trash 

LEACHATE: liquid that has dripped through dumps or landfills, 
carrying with it dissolved substances from the waste materials 

OVERWITHDRAWAL: pumping out too much groundwater 

PERCHED WATER TABLE: a source of water trapped above the 
saturated zone because it has reached a layer through which it 
cannot soak 

PERCOLATE: to filter or ooze through a porous material 

PERMEABLE: refers to materials (such as rocks) through which 
water can move 

POROUS: refers to materials which have enough open spaces 
for water to move through 

RECHARGE: water coming into the groundwater system, such 
as rain soaking into the ground 

SALTWATER INTRUSION: when salty water mixes with fresh 
groundwater near the seacoast, usually because too much of 
the fresh water has been pumped out 

SATURATED ZONE: the area below the water table where 
open spaces are filled with water 

SEDIMENTARY ROCKS: rocks made from compressed sedi­
ments (such as sand) 

SEPTIC SYSTEM: a sewage treatment system used by families 
whose homes are not connected to municipal sewer systems. 
Septic systems have underground tanks which decompose 
some of the waste and a connected underground drainfield 
through which liquid wastes pass into the soil 

SINKHOLE: a depression common in limestone areas, where 
limestone dissolves and the overlying ground collapses 

SPRING: groundwater seeping out of the earth where the 
water table intersects the ground surface 

SUBSIDENCE: land collapse due to overwithdrawal of ground­
water (or to groundwater dissolving out limestone layers which 
had previously supported the overlying soil) 

TOXIC MATERIALS: substances that can make people and 
other animals very sick, maybe even/o the point of death 

UNCONSOLIDATED DEPOSITS: loose layers such as sand and 
gravel 

UNSATURATED ZONE: the area between the ground surface 
and water table. Also called "zone of aeration II 

WATER TABLE: the top surface of the saturated zone 
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