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Figure 6 _ Unconsolidated d eposits of Quaternary 
ag e are in th e n ort h ern and west ern part s of 
Segment 11. Glacial outwash and alluvium along 
major stream valleys are mostly sand and grav el 
that form produc-tive local aquifers . Deposits of till 
in area s once covered by continental glaciers and 
fine-grained glacial-lake deposits are not aquifers . 
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Figure 7 . A quifer s in semiconsolidated 
and conso lidated rocks un der lie most 
of Segment 11 . The aquifer s are 
grouped and described accord in g 
tophys i og raph ic provi nce 
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Figure 9 _ Th e Pal eOloi crocks 
of theAppalachian Plateaus and theValley 
an d R i dg e Pr OY i nce s ran g e from nearly fl at-Iyi n g 
to int en sely fol d ed . Th ey ar e com m on Iy s eparat ed fr om 
crystalline rocks of the Blue Ridge and the Piedmont Provinces by faults . 
Th e sediments of the Coa stal Plain Province overlie o l der rocks and dip 
gently toward the ocean . 

http://pubs.usgs.gov/ha/ha730/chJ/gif/L009.GIF [8/27/2009 10:36:44 AM] 

http://pubs. usgs.gov /ha/ha730/chJ/g if/L009.GIF 

Figure 9 _ Th e Pal eOloi crocks 
of theAppalachian Plateaus and theValley 
an d R i dg e Pr OY i nce s ran g e from nearly fl at-Iyi n g 
to int en sely fol d ed . Th ey ar e com m on Iy s eparat ed fr om 
crystalline rocks of the Blue Ridge and the Piedmont Provinces by faults . 
Th e sediments of the Coa stal Plain Province overlie o l der rocks and dip 
gently towa rd th e ocean . 

http://pubs.usgs.gov/ha/ha730/chJ/gif/L009.GIF [8/27/2009 10:36:44 AM] 



http://pubs.usgs.gov/ha/ha730/ch_l!gif/L010.GIF 

EXPLANATION 

F'E:sh ~mKI~ "';Uid~s 
d~ 1985, in milim 
g;!IIIbns per~ 

D Oto5 

D 5to 10 

D 10 to !:(I 

50 to !:(IO 

oo.oJ.~ t::.O»O. (>o)(> 

!o) , " 

Fi gu re 10_ F res h g r 0 u n d -wat e r wit h draw a I s d uri n g 1 985 
generally were greatest in counties with large populations 
or with industries that require large yolumes of water. 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L010.GIF [8/27/2009 10:37:08 AM] 

D::tta from U.S. Geological Survey 
National Water Data Storage and 
Retr iva I Syste m, 1 985 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L010.GIF 

EXPLANATION 

FE:sh ~mKI~ "';Uid~s 
d~ 1985, in milim 
g;!IIIbns per~ 

D Oto5 

D 5to 10 

D 10 to !:(I 

D 50 to !:(I 0 

~_ M~h'+<lofr.oM U.0. 03~1»1 ~""'Y 
<11",""1 <lobo, t~(>O)(> .QO)O). tv1l 

oo.oJ.~ t::. o)o)Q. (>o)(> 

!o) , " 

Fi gu re 10. F res h g r 0 u n d - wat e r wit h draw a I s d uri n g 1 985 
generally were greatest in counties with large populations 
or with industries that require large yolumes of water. 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L010.GIF [8/27/2009 10:37:08 AM] 

D::tta from U.S. Geological Survey 
National Water Data Storage and 
Retr iva I Syste m, 1 985 



http://pubs.usgs.gov/ha/ha730/ch_l!gif/L011.GIF 

Data from U.S. Geo logical Surveyfiles , 1990 

EXPLANATION 

Fresh ground- 'WlIItel' wi Utdr.!ll'Wllll s: du ring 
1965" in minion gzIIllon s: pel'd:z.y 

Su rtkit'll t'lqu ifer syst.em-.320 

No rthern Atlt'l ntio::: Co t'lstt'll Plt'lin t'lq uifer 
sys t.e m - Ij 029 

Piedmontt'l nd Blue Ridge t'lqu ifers-6.34 

Vt'liley t'lnd Ridge t'lq uifers-J71 

APF'o!.'lIt'lo:::hit'ln Plt'ltet'lus t'lqu ifers-282 

Figure 11. T ota I with d rawal s of 9 rou n d 
water wer e about 2(600 mi II i on ga lion s 
per d ay d uri n 9 1 985 . Th e N or the r n 
A t I a nt ice 0 a s t a I P I a ina q u if e r s y st em 
yi el d ed about 40 per cent of the f res h 
9 rou nd wat er with drawn. Aq u if ers of th e 
Piedmont and the Blue Ridge 
Ph y s i 0 9 rap h i cPr oy inc e s we ret h e 
s e co n d most -use d a q u if e r s . 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/LOll.GIF [8/27/2009 10:37:28 AM] 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L011.GIF 

Data from U.S. Geo logical Surveyfiles , 1990 

EXPLANATION 

Fresh ground- 'WlIItel' wi Utdr.!ll'Wllll s: du ring 
1965" in minion gzIIllon s: pel'd:z.y 

Su rtkit'll t'lqu ifer syst.em-.320 

No rthe rn A tlt'l ntio::: Co t'lstt'll P It'l i n t'lq u ife r 
sys t.e m - Ij 029 

Piedmontt'l nd Blue Ridge t'lqu ifers-6.34 

Vt'liley t'lnd Ridge t'lq uifers-J71 

ApPt'llt'lo:::hit'ln Plt'ltet'lus t'lqu ifers-282 

Figure 11. T ota I with d rawal s of 9 rou n d 
water wer e about 2(600 mi II i on ga lion s 
per d ay d uri n 9 1 985. Th e N or the r n 
A t I a nt ice 0 a s t a I P I a ina q u if e r s y st em 
yi el d ed about 40 per cent of the f res h 
9 rou nd wat er with drawn. Aq u if ers of th e 
Piedmont and the Blue Ridge 
Physi 09 raph i c Provi n ces were th e 
s e co n d most -use d a q u if e r s . 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/LOll.GIF [8/27/2009 10:37:28 AM] 



http://pubs.usgs.gov/ha/ha730/chJ/gif/L012.GIF 

D 

EXPLANATION 

Surf"lCii!IIl :aquifer system 

So!:Ind o!:Ind g ro!:lvel o!:ICju ifers o!:It or 
neo!:lr lo!:Ind surfo!:lc:e j o!:Ind 
o!:Illuviu no o!:Ilong streo!:l nos 
o!:Ind rivers 

Till o!:I nd g lo!:Ic:io!:ll·lo!:Ike deFDsits­
Dis c:onti n uous w he re 
po!:Itterned 

Southern limit of glllloe:ii!IItion 

~++ ov.<4W1+41reM .... .0. 03~""'1 
~I;lIbI -Db., t:::.~oo.~oo. W;O~ 

Figure 12. Aquifers in unconsolidated deposits 
of san dan d g r a· ... · e I are at 0 r n ear the I and 
su rf ace in the north ern an d weste rn part s of 
Segment 11 . These aquifers consist of glacial 
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Figure 14_ C oarse-g rai n ed 
g I aci al de pos its com m only are 
in bed rock va II ey s. Some of 
these deposits (A) formed at the 
i ce -bed rock con tact, and s 0 me 
fi II ed cracks or creva ss es in th e 
i ce. As the ice mel ted, 0 ut wa s h 
d e p 0 sit s of san dan d g r av e I 
for m e d de It a s at the i ce fro n tor 
i n g I a ci a I I a ke san d f I uv i a I 
vall ey-tr ai n d epos its (8) 
down st rea m fro m the i ce f r on t . 
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North 

Mod if ied fro m L yf 0 rd, F. P., 1986, No rtheas t g lac i a I reg i on a I aqu if er- syste m 
study, in Sun, R.J ., ed., Regional aqu ifer-system analys is program of the U.S. 
Geo log ica I Su rvey- Su m mary of pro j ects, 1978-1 984: U. S. Geo I og ica I Su rvey 
Circular 1002, p. 162-167. 
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Figure21_ Although a large number of local aquifers 
and confining units have been i dentified in the 
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these hydrogeologic un its can be grouped into six 
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Figure21. Although a large number of local aquifers 
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The chart does not show exact thicknesses or 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coastal Plain aquifer 
system but is of limited extent. 

I 
I 
I 

Figure 23. Sands of the Chesapeake aquiferform an 
extensive water-yielding unit that extend s from the 
Fall Line to the coastline in places. 

I 

Figure 24. The Castle Hayne-Aquia aquifer is not as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere , the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula . 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in s and b eds d 
equivalent age, but are not known to be connected. 
Both aquifers are underlain and ove rlain by 
confining unit s that c ons ist most ly of clay. 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n mo st places bu t 
locally is underlain by a clayey confining unit 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coasta l Plain aquifer 
system but is of limited extent. 
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Figure 23. Sand s of the Chesapeake aquiferform an 
exten sive water-yielding unit that extend s from the 
Fall Line to the coastline in places . 
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Figure 24. The Castle Hayne-Aquia aquifer is n ot as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere, the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula. 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in sand beds d 
equivalent age, but are not known to be connected . 
Both aquifers are underlain and overlain by 
confining unit s that cons ist mostly of clay . 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n most place s but 
locally is underlain by a clayey confining unit 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coastal Plain aquifer 
system but is of limited extent. 
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Figure 23. Sands of the Chesapeake aquiferform an 
extensive water-yielding unit that extend s from the 
Fall Line to the coastline in places. 
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Figure 24. The Castle Hayne-Aquia aquifer is not as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere , the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula . 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in s and b eds d 
equivalent age, but are not known to be connected. 
Both aquifers are underlain and ove rlain by 
confining unit s that c ons ist most ly of clay. 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n mo st places bu t 
locally is underlain by a clayey confining unit 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coasta l Plain aquifer 
system but is of limited extent. 
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Figure 23. Sand s of the Chesapeake aquiferform an 
exten sive water-yielding unit that extend s from the 
Fall Line to the coastline in places . 
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Figure 24. The Castle Hayne-Aquia aquifer is n ot as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere, the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula. 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in sand beds d 
equivalent age, but are not known to be connected . 
Both aquifers are underlain and overlain by 
confining unit s that cons ist mostly of clay . 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n most place s but 
locally is underlain by a clayey confining unit 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coastal Plain aquifer 
system but is of limited extent. 
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Figure 23. Sands of the Chesapeake aquiferform an 
extensive water-yielding unit that extend s from the 
Fall Line to the coastline in places. 

I 

Figure 24. The Castle Hayne-Aquia aquifer is not as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere , the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula . 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in s and b eds d 
equivalent age, but are not known to be connected. 
Both aquifers are underlain and ove rlain by 
confining unit s that c ons ist most ly of clay. 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n mo st places bu t 
locally is underlain by a clayey confining unit 

Modified from Trapp, Henry, Jr., 1992, Hydrogeo logic frame'hQrk 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coasta l Plain aquifer 
system but is of limited extent. 
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Figure 23. Sand s of the Chesapeake aquiferform an 
exten sive water-yielding unit that extend s from the 
Fall Line to the coastline in places . 

I 

Figure 24. The Castle Hayne-Aquia aquifer is n ot as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere, the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula. 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in sand beds d 
equivalent age, but are not known to be connected . 
Both aquifers are underlain and overlain by 
confining unit s that cons ist mostly of clay . 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n most place s but 
locally is underlain by a clayey confining unit 

Modified from Trapp, Henry, Jr ., 1992, Hydrogeo logic frame'hQrk 
of the Northern Atlantic Coastal Plain in parts of North Cero·lina, 
Virg in ia, Maryland, Dela'Nare, New Jersey, and New York: l) .S. 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coastal Plain aquifer 
system but is of limited extent. 
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Figure 23. Sands of the Chesapeake aquiferform an 
extensive water-yielding unit that extend s from the 
Fall Line to the coastline in places. 

I 

Figure 24. The Castle Hayne-Aquia aquifer is not as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere , the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula . 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in s and b eds d 
equivalent age, but are not known to be connected. 
Both aquifers are underlain and ove rlain by 
confining unit s that c ons ist most ly of clay. 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n mo st places bu t 
locally is underlain by a clayey confining unit 

Modified from Trapp, Henry, Jr., 1992, Hydrogeo logic frame'hQrk 
of the Northern Atlantic Coastal Plain in parts of North Cero·lina, 
Virg in ia, Maryland, Dela'Nare, New Jersey, and New York: l) .S. 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coasta l Plain aquifer 
system but is of limited extent. 
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Figure 23. Sand s of the Chesapeake aquiferform an 
exten sive water-yielding unit that extend s from the 
Fall Line to the coastline in places . 

I 

Figure 24. The Castle Hayne-Aquia aquifer is n ot as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere, the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula. 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in sand beds d 
equivalent age, but are not known to be connected . 
Both aquifers are underlain and overlain by 
confining unit s that cons ist mostly of clay . 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n most place s but 
locally is underlain by a clayey confining unit 

Modified from Trapp, Henry, Jr ., 1992, Hydrogeo logic frame'hQrk 
of the Northern Atlantic Coastal Plain in parts of North Cero·lina, 
Virg in ia, Maryland, Dela'Nare, New Jersey, and New York: l) .S. 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coastal Plain aquifer 
system but is of limited extent. 

I 
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Figure 23. Sands of the Chesapeake aquiferform an 
extensive water-yielding unit that extend s from the 
Fall Line to the coastline in places. 

I 

Figure 24. The Castle Hayne-Aquia aquifer is not as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere , the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula . 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in s and b eds d 
equivalent age, but are not known to be connected. 
Both aquifers are underlain and ove rlain by 
confining unit s that c ons ist most ly of clay. 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n mo st places bu t 
locally is underlain by a clayey confining unit 

Modified from Trapp, Henry, Jr., 1992, Hydrogeo logic frame'hQrk 
of the Northern Atlantic Coastal Plain in parts of North Cero·lina, 
Virg in ia, Maryland, Dela'Nare, New Jersey, and New York: l) .S. 
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Figure 22. The surficial aquifer isthe uppermost 
aquifer in the Northern Atlantic Coasta l Plain aquifer 
system but is of limited extent. 
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Figure 23. Sand s of the Chesapeake aquiferform an 
exten sive water-yielding unit that extend s from the 
Fall Line to the coastline in places . 

I 

Figure 24. The Castle Hayne-Aquia aquifer is n ot as 
wide spread as the overlying Chesapeake aquifer, but 
yields large volumes of water in North Carolina 
where it consists of limestone . Elsewhere, the 
aquifer consist s of sand that be comes clayey and 
almost impermeable on the Delmarva Peninsula. 

Figure 25. The Severn-Magothy and the 
Peedee-upper Cape Fear aquifers are in sand beds d 
equivalent age, but are not known to be connected . 
Both aquifers are underlain and overlain by 
confining unit s that cons ist mostly of clay . 

Figure 26. The Potomac aquifer is the lowermost 
and most widespread aquifer in the Northern 
Atlantic Coastal Plain aquifer system. The aquifer 
consists of a thick sequence of sand beds and lies 
direc.tly on crystalline bedrock i n most place s but 
locally is underlain by a clayey confining unit 

Modified from Trapp, Henry, Jr ., 1992, Hydrogeo logic frame'hQrk 
of the Northern Atlantic Coastal Plain in parts of North Cero·lina, 
Virg in ia, Maryland, Dela'Nare, New Jersey, and New York: l) .S. 
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Figure 29_ Th e top of th e C h esa pe ake aq u if er is 
more t han 1 00 feet a b OY e sea I eve lin ce n t r a I 
Vir gin i a and s lop e s gent I y t 0 dept h s of m 0 ret han 
300 feet below sea level along the Outer Banks of 
North Carolina. The ability of the aquifer to 
t ran sm it wat er is greatest in coastal a reas of New 
Jersey, Delaware, Maryland, and North Carolina. 
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Figure 30_ Bef ore 9 rou n d-water wit h dr awal s 
be 9 an, wat e r move d t h r 0 ugh the C h e s a pe a ke 
a qui fer most I y a Ion 9 s h 0 rt f I ow pat h s fro m 
high to low altitudes and discharged to 
str eam s. S om e of th e wat er, however, moved 
a I on g Ion g e r f I ow pat h san d dis ch a r g edt 0 

est u a r i e s, sou n d s, and the At I a nt i c 0 c e an. 
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Figure 31. Th e com pos ite pot enti om et r i c s u rfa ce of 
the Chesapeake aquifer in 1980 shows that cones of 
d epres si on d eye loped a roun d pu m pi ng cent ers in 
N ew J e r s ey, 0 e I awa r e, and N 0 rt h Car 01 ina. Aft e r 
p u m pin g beg an, the d ire c t ion s of s 0 m e f I ow pat h s 
were reyers ed as the potent i om et ri c su rf ace wa s 
lowe red an d wate r m oyed toward pu m pi n g cent ers . 
Th e con es of d epres si on d eye loped mostly in the 
lowe r, co n fin e d pa rt of the a qui fer. 
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Figure 32_ Th e hyd roch em ica l f aci es of water in th e 
C he sa peake a qu if er ch an ge prog ress ively seaward 
fr om a var ia bl e-com posit ion facie s to a sod i um 
chi ori d e f aci e s. Oi s solved-s 01 id s con centrati on sin 
the wat e r inc rea s e ina s e awa r d d ire ct i on . 

EX PL A l"iA TI 0 l"i 

Hyd ~hem il:2li1 fac:ies 

D Vo!.'-!rio!.'-! ble ':::0 mpos ition 

D Co!.'-!I.:::iu m plus mo!.'-!gne::: iu m 
b i.:::o!.'-! rb 0 no!.'-! t.e 

D Sod i u m b i.:::o!.'-! rbo no!.'-!te 

D Sod i u m .::: h 10 rid e 

D CheSZllpeak.e aqu ifer ~b sent 

-;;tSo-- Line 0 f eq 0lII1 dis so 1Yed-
so lids eo neen lnIition-
I nte rvo!:l I j in mi IIi gro!.'-!ms 
per literj is vo!:Irio!:lble 

~t~.o»:o.o)o)o) 

0) ~0)1'AL.e0 

1-1 ----.----" 

0) ~o) Io1OMI!TI!I".0 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L032.GIF [8/27/2009 11: 11:06 AM] 

~ 
.:;,. 

q, 
(J 

{) 

(J 

..:... 
;z: 

'!J 
---.. 
..... 
~ 

Mod ified fro m L.L. Knobel, 
F.H. ChC4)pelle, and Harold 
Meis ler, U.S. Geological 
Su rvey, vvr itten co m m un .,1988 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L032.GIF 

Figure 32_ Th e hyd roch em ical f aci es of water in th e 
C he sa peake a qu if er ch an ge prog ress ively seaward 
fr om a var ia bl e-com posit ion facie s to a sod i um 
chi 0 rid e f a ci e s. 0 iss 0 I v e d - sol ids con c e n t rat ion sin 
the wat e r inc rea s e ina s e awa r d d ire ct i on . 

EX PL A l"iA TI 0 l"i 

Hyd ~hem il:2li1 fac:ies 

CJ Vo!.'-!rio!.'-! ble ':::0 mpos ition 

D Co!.'-!I.:::iu m plus mo!.'-!gne::: iu m 
b i.:::o!.'-! rb 0 no!.'-! t.e 

D Sod i u m b i.:::o!.'-! rbo no!.'-!te 

D Sod i u m .::: h 10 rid e 

D CheSZllpeak.e aqu ifer ~b sent 

-~5o-- Line 0 f eq 0lII1 dis so 1Yed-
so lids eo neen lnIition-
I nte rvo!:l I j in mi IIi gro!.'-!ms 
per literj is vo!:Irio!:lble 

~t~.o»:o.o)o)o) 

0) ~0)1\4L.e0 

t-I ----.----" 

0) ~o) Io1OMI!TI!I".0 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L032.GIF [8/27/2009 11: 11:06 AM] 

~ 
.::,. 

q, 
(J 

~:) 

(J 

..:... 
~ 

'!J 
---.. 
..... 
~ 

Mod ified fro m L.L. Knobel, 
F.H. ChC4)pelle, and Harold 
Meis ler, U.S. Geological 
Su rvey, vvr itten co m m un .,1988 



http://pubs.usgs.gov/ha/ha730/ch_l!gif/L033.GIF 

Figure 33. Th e la rg est wit h d rawa Is from th e 
Chesapeake aquifer during 1979 and 1980 were 
inN e w J e r s e y and 0 nth e 0 elm a rv aPe n ins u I a. 
L 0 c a I p u m pi n gee n t e r sin sou t h -east ern 
Vi rg in i a an d north easter n North Carol ina al so 
wit h drew sma II tom 0 d e rat e v 0 I u m e s of w at e r. 
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Figure 35_ The top of the Castle Hayne-Aquia aquifer is 
slightly above sea level along most of the nort hwestern 
boundary of the aquifer bu t is more than 1,250 feet 
below sea level along the Outer Banks of North 
Carolina. The ability of the aquifer to transmit water is 
greatest in the coastal area of North Carolina. 
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slightly above sea level along most of the nort hwestern 
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Figure 37 _ Before g roun d-wat er with d rawal s beg an i 

wat e r in the Cas tie H ay n e-A qui a a qui fer g en era II y m ov e d 
fro mar e a s of hi g her a I tit u d e a I on g the west ern lim it of 
the aquifer toward major rivers , estuaries, bays, and the 
Atl ant i cO cean . Water moved to th e Pot oma c River an d 
C h e sap e a k e B ay fro mag r ou n d -w at e r d i v ide ins ou the rn 
M aryl an d an d to Ch es apeake a nd Del awa re Bays fr om a 
s i mil a r d i v ide i nth e Del m a rv aPe n ins u I a. 
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Figure 3;:L In 1980, con es of d epre ss ion h ad form ed 
on the pote nt i ometri c su rf ace of th e Castl e 
Havne-Aquia aquifer in response to withdrawals at 
major pumping centers . The most prominent area 
of water-level decline is centered in Beaufort 
County, N .C., where largevolumes otwater are 
pu m ped from th e local Cast I e Hay ne aq u ifer for 
ph os ph at e min i ng an d proces si n g. Wit h-d rawal s 
also have created cones of depression in Virginia, 
Marvland, Delaware, and New Jersey . 
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Figure 42_ Th e top of the Sever n-M ag ot hy 
aq u ifer ran 9 es from s light Iy above sea level 
n ear its n or t h we st ern lim it tom 0 ret han 
2(000 fe et be low sea I eve I along th e coast. 
Th e aq u iter is most tran s m is sive in local 
are a s of N ew J e r s ey and I e a s t t ran s m iss i v e 
n ear its weste rn an d s out hwester n I im it s. 
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Fi g u re 56_ The 1 980 pot en t i 0 m et ric surf ace of the 
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below sea I eve I. The dec lin e i n part s of N ew 
J er sey an d north ern Del awa re h as res u Ited in 
the i nt r u s ion of s a lin e wat e r i n tot h e a qui fer . 

-50-

... 
--------

EXPLANATION 

Potentiometri~ ~n til ur-
Shows o!!Il titude o!!It 
wh ic:h wo!!Iter level 
wo uld ho!!lve stood i rt 
tig htly C:o!!IS ed we II s i rt 
1980. Ho!!Ic:hu res 
i rt d ic:o!!I te depress i 0 rt . 
Corttour i rttervo!!ll~ i rt 
fee~ is vMio!!lble. 
Do!!Itu m is seo!!l level 

Direr;:l:ion of g It) und-... ~lI!r 
movement 

Li mi t 0 f Pooom:zllli: ~qui fer 

App It) Kim~te up dip Ii mi t 
o f ~ter ~ n~in ing 
10,.000 m illig mm s 
per I ill!r ~hloride 

3:S" 

~t~ . .;.;.~ . .;.x. 

~~ ..... LI!0 
I---T'", ---I, 

:l'~ iQ.0t.4~n:1"l0 

Modified from: 

(J 

..:... 
~ 

.::::: ---.. ,.... 
~ 

Hars h, J . F., an d Lac 111 iak, R.J ., 1 990, Con cep tua I i zat io n an d ana I ys is of 9 ro un d- vvater 
flo w s yste min the Co asta I Pia i n of Virg in ia and ad jac ent parts of Mary I and an d 
North Carolina : U.S . Geological Survey Profess ional Paper 1404-F, 100 p. 

Mart in, Mary, 1 990, Gro un d- vvater flow in the New J ers ey Co asta I PI a in: U. S. 
Geo logical Survey Open-Fi Ie Report 87-528, 182 p. 

Giese, G.L. , Eimers, J.L., and Coble, R.W., 1991, Simulation of ground-vvaterflow in 
the Coastal Plain aqu ifer system of North Carol ina: U. S. Geolog ical Survey Open­
File Report 90-372, 178 p. 

Leahy, P.P., and Martin, Mary, 1 ffi3, Geohydro logy and simu lation of ground-vvater 
flo w in th e Nor them At Ian ti c Coas ta I Pia in aqu if er sys te m: U. S. Geo 10 9 ica I Su rvey 
Profes s io na I Paper 1404-K, 81 p. 

http://pubs.usgs.gov/ha/ha730/ch_l/gif/L056.GIF [8/27/2009 11: 18:38 AM] 

~ 
~ 

q, 
(J 

{) 

http://pubs.usgs.gov /ha/ha730/ch_l/gif/L056. GIF 

Fi g u re 56_ The 1 980 pot en t i am et ric surf ace of the 
reg i on al Potom ac aq u if er sh ows I arg e com pas ite 
can es of depress ion. Th e pot enti am et ri c s u rfa ce 
has bee n lowe red I a ca II y tom are t han 1 00 feet 
below sea I eve I. The dec lin e i n part s of N ew 
J er sey an d north ern Del awa re h as res u Ited in 
the i nt r u s ion of s a lin e wat e r i n tot h e a qui fer . 

-50-

... 

--------

EXPLANATION 

Potentiometri~ ~n til ur-
Shows o!!Il titude o!!It 
wh ic:h wo!!Iter level 
wo uld ho!!lve stood if) 
tig htly C:o!!Ised wells in 
1980. Ho!!Ic:hu res 
if) d ic:o!!I te depress i 0 f) . 
Contour i ntervo!!ll~ in 
fee~ is vMio!!lble. 
Do!!Itu m is seo!!l level 

Direr;::l:ion of g It) und-... ~lI!r 
movement 

Li mi t 0 f Pooom:zllli: ~qui fer 

App It) Kim~te up dip Ii mi t 
o f ~ter ~ n~in ing 
10,.000 m illig RIIm s 
per I ill!r ~hloride 

3:S" 

~t~ . .;.;.~ . .;.x. 

~~ ..... LI!0 
I---T'", ---I, 

:l'~ iQ.0t.4~n:M 

Modified from: 

(J 

..:... 
~ 

.::::: ---.. .,.... 

~ 

Hars h, J . F., an d Lac 111 iak, R.J ., 1 990, Con cep tua I i zat io n an d ana I ys is of 9 ro un d- vvater 
flo w s yste min the Co asta I Pia i n of Virg in ia and ad jac ent parts of Maryl and an d 
North Carolina : U.S . Geological Survey Profess ional Paper 1404-F, 100 p. 

Mart in, Mary, 1 990, Gro un d- vvater flow in the New J ers ey Co asta I PI a in: U. S. 
Geo logical Survey Open-Fi Ie Report 87-528, 182 p. 

Giese, G.L. , Eimers, J.L., and Coble, R.W., 1991, Simulation of ground-vvaterflow in 
the Coastal Plain aquifer system of North Carol ina: U. S. Geolog ical Survey Open­
File Report 90-372, 178 p. 

Leahy, P.P., and Martin, Mary, 1 ffi3, Geohydro logy and simu lation of ground-vvater 
flo w in th e Nor them At Ian ti c Coas ta I Pia in aqu if er sys te m: U. S. Geo 10 9 ica I Su rvey 
Professional Paper 1404-K, 81 p. 

http://pubs.usgs.gov/ha/ha730/ch_l/gif/L056.GIF [8/27/2009 11: 18:38 AM] 

~ 
~ 

q, 
(J 

{) 



http://pubs.usgs.gov/ha/ha730/ch_l!gif/L057.GIF 

Fi 9 u re 5 1 _ W at e r of the ya ria b I e- c:. 0 m po s it ion 
h y d r 0 c:.h em i c:.a I fa c:. i e sin the Pot 0 mac a q u if e r i s 
only ins m a II are a s a Ion 9 the no rt her n part of 
the 0 ut cr op of the a q u if e r. The sod i u m 
chi 0 rid e f a ci e sis m 0 ret han 0 n e- h a I f of the 
a qui fer and i s the res u I t of mix i n 9 of s a lin e 
water wit h fre shwater in down d ip areas . 

EXPLANATION 

Hyd~hemi~1 fiII~ies 

D Vo riob Ie c:om position 

D C:olc:ium pi us mog nes ium 
b ic:o rbo note 

D Sodiu m b ic:orbonote 

D Sodiu m c:h loride 

D Potom:zllC: :aq ui rel':zII bsen t 

-~.o- Line of equ:zlli d isso I\Ied-so lids 
"i:O ~n b:ZII tion-- I nte rvol j 

in mi Iii::;! roms per lit..=r j is 
vorioble 

Mod ified fro m L.L. Knobel, F. H. 
Chappelle, and rarold Meisler, 
U. S . Geo 10 g i ca I Su rvey, v...r itten 
co m m un., 1988 

00.".1..1: t~. o;.x. .(,,;.;. 

~~""'~0 
I----r---" 

~ ~ Io:J.. o .... u: 11: rw 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L057.GIF [8/27/2009 11: 18:54 AM] 

~ 
0 

q, 
("J 

0 

("J 
-.... 

..:... 
~ 

'V 
.... 0 

..... 
'::c' 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L057.GIF 

Fi 9 u re 5 1 _ W at e r of the ya ria b I e- c:. 0 m po s it ion 
h y d r 0 c:.h em i c:.a I fa c:. i e sin the Pot 0 mac a q u if e r i s 
only ins m a II are a s a Ion 9 the no rt her n part of 
the 0 ut cr op of the a q u if e r. The sod i u m 
chi 0 rid e f a ci e sis m 0 ret han 0 n e-h a I f of the 
a qui fer and i s the res u I t of mix i n 9 of s a lin e 
water wit h fre shwater in down d ip areas . 

EXPLANATION 

Hyd~hemi~1 fiII~ies 

D Vo riob Ie c:om position 

D C:olc:ium pi us mog nes ium 
b ic:o rbo note 

D Sodiu m b ic:orbonote 

D Sodiu m c:h loride 

D Potom:zllC: :aq ui rel':zII bsen t 

-~.o- Line of equ:zlli d isso I\Ied-so lids 
"i:O ~n b:ZII tion-- I nte rvol j 

in mi Iii::;! roms per l i t..=r j is 
vorioble 

Mod ified fro m L.L. Knobel, f. H. 
Chappelle, and rarold Meisler , 
U.S. Geological Survey, VYritten 
co m m un., 1988 

00.".1..1: t~. o;.x..':,,:.;. 

~~""'~0 
I----r----" 

~ ~ Io:J.. o .... u: 11: rw 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L057.GIF [8/27/2009 11: 18:54 AM] 

"=' 
o!) 

q, 
(J 

() 

(J 

..:... 
~ 

~ ---.. 
~ 

-<:J; 



http://pubs.usgs.gov/ha/ha730/ch_l!gif/L058.GIF 

Figure 58 _ Lar ge vol u me s of water we re pu m ped 
fr om the we s t ern most and c e n t r a I part s of the 
reg ion a I Pot 0 mac a q u if e r in Vi r gin i a and 
n 0 rt h war d d uri n g 1 979 and 1 980 . 
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Figure 58 _ Lar ge yol u me s of water we re pu m ped 
fr om the we s t ern most and c e n t r a I part s of the 
reg ion a I Pot 0 mac a q u if e r in Vi r gin i a and 
n 0 rt h war d d uri n 9 '1 979 and 1 980 . 
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Figure 59 _ More than on e-h alf of th e fres hwat er 
wit h dr awn from t he reg i on al Potom ac aq uif er 
d uri n 9 1 985 wa sus e d for pu b lie sup p Iy . La r 9 e 
am ou nt s of wat er al s 0 we re with drawn for 
i n d u s t ria I, min i n g, and the r moe lee t ric p owe r use s . 
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Figure 60. The Piedmont and the Blue Ridge Provinces are 
bounded on the southeast by the Coastal Plain Province and on 
the northwest by the Valley and Ridge Province . The Piedmont 
consi sts of ge ntly roll i ng uplan d 5 an d I owlan d 5 , and th e B I u e 
Ri d 9 e is mount ai nou s; the Readin 9 Pron 9 is in dud ed in th e 
BI u e R i dg e Provi nce becau se th e two have si mila r rock types 
and topography . Dense, almost impermeable bedrock underlies 
most of the Piedmont and the Blue Ridge Provinces and yields 
wat er mostly from f ract u res . 
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Figure 61_ Rugged mountains 
characterize the Blue Ridge 
Pr Cf'I inc e ( w her e a s the top 0 g­
rap h y of the Pi e d m 0 n t Pr Cf'I­

inc e ism 0 st Iy I ow ( roll i n g 
hill s. I nth i s vi ew f r om Chi m­
n e y Rock i nth e B I u e Rid g e of 
N ort h Car 0 lin a ( low hill s of 
th e Pi ed mont Provi n ce below 
extend to the horizon where 
an eros i on al rem na nt of re-
si stant rock forms a footh ill. 

Photo from: North Carolina 
Depar tm en t of T rave I and 
Touris m 
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Figure 62. Th i s vi ew sh ows part of th e early M es ozoi c 
N ew ark Bas i n inN ew J e r s ey and Pe n n s y I van i a. The I ow-
I yin g, g en t I y u n d u I at i n g I and surf ace, w h i c h d eve lop e don 
sedimentary rocks, surrounds a diabase ridge that is 
being quarried. 
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Photo from: North Caro lina Cepartment of Travel and Touris m 

Fi 9 u re 63_ The B I u e Rid 9 e Pr OY inc e i s ch a r act e r i ! e d b''r'' 
s tee p ( rug 9 e d ( h i 9 h m ou n t a ins w h os e den s ely for e st e d 
s lopes are c.ut by n u m erou s st ream va II ey s. Th i s ph ot if 
graph :5hows part of the mountains in North Carolina 
......... h ere the B I u e Rid 9 e P r ov i n ce i s 70 mil e s wi de. 
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Figure 64_ G rou nd wat er per col ate s downward t h rou gh 
the reg 0 lit h , wh i ch is a I aye r of we at her e d roc k, a II u y i u m , 
co II u y i u m, and s 0 ii, to f rae t u res i n t h e u n d e r I yin 9 bed­
rock . The w at e r m oy e s fro m h i 9 h I and r e c h a r 9 ear e a s to 
dis ch a r 9 ear e as, such ass p r i n gsa n d s t rea m s, at lowe r 
altit ud es. 

Mod ified fro m Heath, R.C ., 1980, Basic elements of 
gr ou nd -v-.ater hydro 10 gy with ref eren ce to co nd it io ns in 
North Caro lina : U.S . Geo logical Survey Water-Resources 
In vest igat io ns Open - Fi Ie Repo rt 80-44, 86 p. 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L064.GIF [8/27/2009 11 :20:09 AM] 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L064.GIF 

Figure 64_ G rou nd wat er per col ate s downward t h rou gh 
the reg 0 lit h , wh i ch is a I aye r of we at her e d roc k, a II u y i u m , 
co II u y i u m, and s 0 ii, to f rae t u res i nth e u n d e r I yin 9 bed­
rock . The w at e r m oy e s fro m h i 9 h I and r e c h a r 9 ear e a s to 
dis ch a r 9 ear e as, such ass p r i n gsa n d s t rea m s, at lowe r 
altit ud es. 

Mod ified fro m Heath, R.C ., 1980, Basic elements of 
gr ou nd -v-.ater hydro 10 gy with ref eren ce to co nd it io ns in 
North Caro lina: U.S. Geo logical Survey Water-Resources 
In vest igat io ns Open - Fi Ie Repo rt 80-44, 86 p. 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L064.GIF [8/27/2009 11 :20:09 AM] 



http://pubs.usgs.gov/ha/ha730/ch_l!gif/L065.GIF 

Fi gu re 65 _ The ear I y M e s 0 Z 0 i c bas ins are b 0 u n de d by f a u It san dar e 
fill e d wi t h t hick seq u en ce s of sed i men t a ry roc ks of flu v i a I and 
alluvi al or ig in, as in t hi s interpretive di a gr am of part of the N ewa rk 
Bas in. S i Its ton e, mud st on e, and I oc a I bed s of dolo mit e and co a I (n ot 
shown) we red e p 0 sit e din I a ke san d mar shy are a s wit h i nth e ba sin s 
as they fill e d. Bas a I tic lava flows are i n t e r be d- d e d wi t h the 
sed i men t a ry rock s, wh i ch we rei nt r u d e d by d i a bas e sill san d dike s. 
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EX P LA l"iATI 0 l"i 

Conglo memte 

S:zIindstone 

Siltstone 

.Mudstone 

Dolomite 

Cryst:zlill ine rocks 

F:zIiu It -.A. rrows show re I~tive 
direc:tion of movement 

Mod ified fro m Turner- Peterson, C.E ., and Smoot, 
J.P., 1985, Newthought onfacies relationships 
in the Triassic Stockton and Lockatong Forma­
tions, Pennsylvan ia and NewJersey, pt . 3 of 
Rob inson, G.R ., Jr., and Froelich, A.J ., eds., 
1985, Proceed ings of the 2nd U. S. Geolog ical 
Sur vey Wor ksh op on th e ear Iy Meso zo ic bas i ns 
of the Un ited States: U. S. Geo 10 9 ic a I Sur ve-; 
C irc u lar 946 J p . 1 0-17. 
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Figure 66_ Stee ply d ippi n 9 
bas a I t (0 n rig ht) and s i It st on e 
of the Pas sa i c For m at ion, 
cream colore d wh ere it was 
baked by the molt en bas alt, 
are ty pi cal lower M esozoi c 
rocks from the Newark Ba si n 
i n Hun t e r don C 0 u nt y, N. J . 
Th e I aye rs were h ori zonta I at 
the tim e the roc ks we r e 
form ed; I at er, the rocks were 
til ted and n ow dip tot he 
ri 9 ht, or nort h east. Th e bas alt 
is intensely fractured because 
th e expose d rocks are n ea r a 
fa ult. 
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Figure 66_ Stee ply d ippi n 9 
bas a I t (0 n rig ht) and s i It st on e 
of the Pas sa i c For m at ion, 
cream colore d wh ere it was 
baked by the molt en bas alt, 
are ty pi cal lower M esozoi c 
rocks from the Newark Ba si n 
in Hunterdon County, N.J. 
Th e I aye rs were h ori zonta I at 
the tim e the roc ks we r e 
form ed; I at er, the rocks were 
til ted and n ow dip tot he 
ri 9 ht, or nort h east. Th e bas alt 
is i nt en sely fra ct ur ed beca us e 
th e expose d rocks are n ea r a 
fa ult. 
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Fig u re 67_ Follow i n 9 a n a q u if e r t est ( con t 0 u r s 
of e qua I w at e r-I eve Ide cl i n ear eel 0 n 9 at edt 0 

the n 0 rt he a st and par a 1- I e Ito the d ire ct ion of 
f ractu res in crystall i n e bed rock. Th e perm ea­
bi I ity of the rock is greatest in th e d i recti on of 
e Ion 9 at ion ~ this cond it ion of n onu n iform 
per me abil ity is call ed ani s otropy . 

EXPLANATION 
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-1_9- l..i De 0 f eq UZIII v.!llte.--level dec line-I n te rvo!.'.!l~ 
in feet.,. is vo!.'.!rio!.'.! ble . 

• Produc:tion well 

0 .6.5 
~ 

Obse rYlIItion well-N u m b e r is: Wo!.'.! t.e r -Ieve I 
dec:line~ in feet 

Mod ified fro m can iel. C.C ., III. and Shc.rpless, N. B., 1883, 
Gr ou nd -water su pp Iy po tent ia I and pr oc edu res for vve 11-
site selection in the upper Cape Fear River Basin, North 
Caro I in a: Nor th Caro I in a Dep art men t of N atu ra I 
Resources and Co m mun ity Development, 73 p. 
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Fi g u re 68_ Mas s i v e san d s ton e s 
of th e Stockt on Form ati on ar e 
expos ed in th e Newar k B as in 
n ear St 0 ckt 0 n, N.J. Vert i ca I 
joint s an d bed di n g pi an es in 
th e san d ston e bed s above and 
belowthe dark shale confining 
unit act a s ch ann e I s for the 
m ov em en toft hew at e r that i s 
vis i b I e as dar k st a ins 0 nth e 
quarry face. 
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Fi g u re 69 Well s a Ii g ned i n 
the d ire ct i on of dip ina n 
ear Iy M esozoi c ba si n might 
n ot be co m pi et e din the sam e 
local aquifers, depending on 
the an g I e of dip of the 
a qui fer san d the po sit i on i n g 
of the well s. U n d e r the s e 
con d iti on s, well s can be 
I 0 cat e d sot h at the p u m pin g 
of on e we II has ami n i m a I 
effect on ot h er well s. 

EXPLANATION 

D ~ I :zIII) ui fer 

rn Q:) nfin ing unit 

Modified from Vecchioli, John, Carsvvel" L.D., and Kasabach, H.F., 
1 969, 0 ccu rren ce an d move m en t of 9 ro un d water in the Bru ns wick 
S ha Ie at a site near Tr enton, New J ersey-Geo I og ica I Su rvey res earch 
1969: U.S. Geolog ical Survey Profess ional Peper 650-B, p. B154-B157. 
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Figure 70. Cry st alii n e be dr ock com m only is oye rl ai n by 
reg 01 it h .. wh i ch is a bl an ket of weat h ered rock .. a II uyi u m .. 
co II u y i u m .. and s 0 i I. M 0 s t of the g r 0 u n d wat e r iss tor e din 
th e re gol ith .. but som e pe rcol at es downward to fill 
fractu res in the I es s porou s bed rock. 

EXPLA NATIO N 

.... 0 in:!C tiD n 0 f grou ltd -'V<!IIter 
movement 

MJdified from Heath, R.C., 1980, 
Bas ic e I e men ts of gr ou nd· W51ter 
hyd ro I og y with refer enc e to 
cond itions in North Carol ina : U. S. 
Geological Survey Water· 
Reso urc es In vest ig atio m Open· 
File Report 80-44, 86 p. 
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Fi gu re 11_ The d i st r i bu t ion and 
in t e r co nne c t ion of f r act u res 
inf lu en ce the effective porosity of 
cry s t a II i n e r oc ks u n d era tie a st six 
types of con d it ions. Th e approx-
im at e f req u en cy of occu rre nce of 
the d iff ere n tty pes inN 0 rt h Car 0 lin a 
is shown as a per cent ag e. We lis that 
pe n- et rat e n 0 f r a ct u res below the 
cas i ng (A) wi II probably be dry. 
Well s th at en cou nte r a few f ract u res 
(B and C) mig h t b r i ef I y y i e I d a s 
m u c has 20 9 a lion s pe r min ut e u n til 
the fractures are drained, when the 
y i e Ids u d den Iy dec lin e s. We II s t hat 
pe netrat e sever al fr act u res (D) or a 
I a r 9 e n u m b e r of in t e r c on n e ct e d 
fractures (E) are likely to have the 
hi 9 h est s u st a i ned y i e Ids . Well s that 
penetrate only a single large 
fractu re (F) wi II have low su stai n ed 
yields. 

Modified from LeGrandJ H.E'J 1967J Ground 
vvater of the Piedmont and Blue Ridge 
Pro v inc es in th e sou theas ter n States: U. S. 
Geo logical Survey Circu lar 538, 11 p. 
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Figure 11. The d i st ri but ion and 
in t e r co nne c t ion of f r act u res 
inf lu en ce the effective porosity of 
cry s t a II i n e r oc ks u n d era tie a st six 
types of con d it ions. Th e approx-
im at e f req u en cy of occu rre nce of 
the d iff ere n tty pes inN 0 rt h Car 0 lin a 
is shown as a per cent ag e. We lis that 
pe n- et rat e n 0 f r a ct u res below the 
cas i ng (A) wi II probably be dry. 
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y i e Ids u d den Iy dec lin e s. We II s t hat 
pe netrat e sever al fr act u res (D) or a 
la rg e number of int ercon n ected 
f r act u res (E) are like Iy to h a vet h e 
hi 9 h est s u st a i ned y i e Ids . Well s that 
penetrate only a single large 
fractu re (F) wi II have low su stai n ed 
yields. 
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Pro v inc es in th e sou theas ter n States: U. S. 
Geo logical Survey Circu lar 538) 11 p. 
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Figure 72 _ Water sf rom the 
t h r e e a qui fer ty pe s of the 
Piedmont and Blue Ridge 
Provi n ces have si mil ar ch em­
i ca I co m p os it ion s-a II are 
ca lei u m pi u sma 9 n e s i u m 
bi carbon at e (A) or ca lei u m 
b i ca r bon at e (B and C) ty pe s. 
Nit r at e con ce n t rat ion sin a II 
t h r e e t y pes of a qui fer s ref lee t 
co n tam i n at i on by f e rt iii z e r s ( 
an i mal wa st es( or sewag e. 

Modified from fi les of the U. S. 
Geo logical Survey 
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Fi gu re 73 _ D uri n 9 1985, the c:. ry s t a II i n e- r oc:. k and u n d iff ere nt i at e d 
sed i men t a ry - roc:. k a qui fer s (A) we ret h e I a r 9 e st sou r c:. e s of 9 r 0 u n d 
wat e r i nth e Pie d m on tan d the B I u e Rid 9 e P r ov i n ce san d m 0 s t I y 
we r e use din N 0 rt h Car 0 lin a and Vi r gin i a. A qui fer sin ear I y 
Me s 0 z: oi c bas ins (B) a Iso we rei m po rt ant sou r c:. e s of s u pp I y In 

Pe nn sylvan i a an d New Jersey. Car bon at e-r ock aq u if ers (q 
mostly were used for supply in Pe nn sylvan i a. 

MJd if ed fro m files of '!he U. S. 
Geo log ica I Survey, 1 ffi4 
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Figure 74_ Most of the f reshwate r 
with drawn fr om th e crystall i n e-r ock 
an d un d iff erent i ated sed i m entary-rock 
a qui fer s d uri n g 1 985 wa sus e d for 
dom esti c an d com m erci al su ppl i es. 
Most of t he water pum ped from the 
aq uif ers in early Mesozoic bas i ns an d 
th e carbon ate- rock aq u ife rs was use d 
for pub I i c s u pp I y . 
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dom esti c. an d c.om m erc.i al su ppl i es. 
Most of t he water pum ped from the 
aq uif ers in early Mesozoic. bas ins an d 
th e c.arbon ate- roc.k aq u ife rs was use d 
for pub I i c. s u pp I y . 

EXPLANATION 

() se 0 f fresh g ro unci -water withd mwals 
du ring 1985,. in pereen t 

D Public: supply 

D Do mes tic: o!'l nd c:o m me rc: io!'ll 

D Agric:ulturo!'ll 

D Industrio!'llj min ingj o!'lnd thermoelec:tric: 
power 

1::=M V7 10 pof<;qrt 

T~I wi1t.d r<lYM I-ZI 
6!:..0 pof(>OO1; n mill ion 9<11101'1"20 ~ r d<l't' 

T ct<Il w it:t.d r<lw<l1-ZI 
:;!29 mi Ilion 9<11101'1"20 ~ r d<l't' 
CR'IS TALUNE-ROC K f'I-CJ 

Ur-D FFEREN TIl". TED 
SE~MEN TMY-OOCK 

AQUFERS 

CME=Ct.lA TE-OOCK 
T~ 1 w it:t.d r<IW<lI"20 AQUI FERS 

22:;! mill ion 9<11101'1"20 ~ r d<l't' 

AQUFERSIN EMLY 
I'P'E so:ro~ E=ASlNS 

Modified from files of the U. S. Geolog ical Survey, 1990 

http://pubs.usgs.gov/ha/ha730/ch_l!gif/L074.GIF [8/27/2009 11 :20:56 AM] 



http://pubs.usgs.gov/ha/ha 730/chJ/gif/L075 .GIF 

Figure 15_ The mo:st important aquifer:s in the Valley 
an d Ri d g e Provi n c;e are north ea:st- to ea:st-tren din g 
c;arbonate roc;k:s . Undifferentiated :sedimentary-roc;k 
aquifer:s that c;on:si:st mo:stly of :sand:stone and yield 
moderate volume:s of water :separa t e the bodie :s of 
c;arbonate roc;k:s. Coal-bearing bed:s are prominent in 
part:s of the prov inc;e in Penn:sylvania and in a loc;al 
area in :southwe:stern Virginia . 
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Figure 15_ The mo:st important aquifer:s in the Valley 
an d Ri d g e Provi n ce are north ea:st- to ea:st-tren din g 
car bon at e rock::; . U nd iffere nt i ate d :sed i menta ry-r ock 
aquifer:s that con:si:st mo:stly of :sand:stone and yield 
moderate volume:s of water :separate the bodie:s of 
carbonate rock:s. Coal-bearing bed:s are prominent in 
part:s of the province in Penn:sylvania and in a local 
area in :southwe:stern Virginia . 
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Fi gu re 76 _ The Va II ey and Rid g e Pr OY inc e a Iso i s ca II e d 
th e F 01 d ed Appal ach i an s becau se fol d ed sed i me nt ary 
st r at ado min at e the t op 0 g rap h y. T his ph ot 0 g rap his a 
f a I s e- color sat ell it e view of f 0 Ids i nth e n 0 rt her n pa rt of 
the Va II ey and Rid g e P r ov i n ce n ear L oc k H ave n { P a. Th e 
m u It i colore d pat c h wo r k p att ern is cult i v at e d I and 
bo u n d e d by sin u 0 usb and s of woo d e d m 0 u n t a ins that 
develope d on fol d ed { res i st ant rocks { whi ch appear da rk 
in th e ph otog raph. Th e A II eg h eny Front is t he area of 
rug g edt 0 p 0 g rap hy i nth e u pp e r I eft cor n e r of the 
Image. 
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Figure 77_ The trellis drainage pattern of the upper Potomac 
R i v era n d its t r i bu tar i e sis ty pica loft h e Vall e y and Rid g e 
Province . The rectangular pattern results from the inter section 
of superimposed streams that cut across geologic structures 
and subsequent tributary streams that follow folds of easily 
erode d rocks . Th e st ream s meet n early at rig ht an g I es. 
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Figure 77_ The trellis drainage pattern of the upper Potomac 
R i v era n d its t r i bu tar i e sis ty pica loft h e Vall e y and Rid g e 
Province . The rectangular pattern results from the intersection 
of superimposed streams that cut across geologic structures 
and subsequent tributary streams that follow folds of easily 
erode d rocks . Th e st ream s meet n early at rig ht an g I es. 
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Fi 9 ure 73 _ A wat erg a pis a dee p pas sin a m ou n t a i n 
ridge through which a stream flows. An example is the 
Del aware Wat er Gap, wh ere the De laware Rive r h as cut 
t h r 0 ugh mas s i v e con g 10m e r at e and san d st 0 neb e d s of 
Kittat i nny M ou nt ai n vi ewe d here from th e south. 
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Fi gu re 79 _ A w in d gap, such as the 0 nee u t t h r 0 ugh B I u e 
M 0 u n t a in, n 0 rt h of Win d Gap, P a., i s a wa t erg apt h at 
was aban done d by the st ream th at form ed it. 
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Figure 80_ A large number of geologic formations are in the Valley and 
Rid 9 e P r ov inc e. The ca r bon at e -roc k for m at ion s that are pro due t i ve 
a qui fer s are shown i n b I u e, and pro duct i v e san d st on e a q u if e r s are 
shown in yellow. Th e g ray areas repre sent m is si n 9 rocks. 
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Figure 80_ A I arg e nu m ber of 9 eol ogi c f or mati on s are in the Valley an d 
Rid 9 e P r ov inc e. The ca r bon at e -roc k for m at ion s that are pro d u c t i ve 
a qui fer s are shown i n b I u e, and pro duct i v e san d st on e a q u if e r s are 
shown in yellow. Th e 9 ray areas repre sent m is si n 9 rocks. 
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Fi 9 u re 81_ T hick wed 9 e s of coil u v i u m 0 nth e lowe r f I an ks of 
rid 9 e s st 0 rei a r 9 e qua nt it i e s of wat e r that sub seq u e nt I y 
move i n t 0 a q u if e r sin the va II ey s. The coil u vi u m co m m 0 n Iy 
con t a ins per ch e d bod i e s of 9 r 0 u n d wa t e r that are s e pa rat e d 
fro m the m a in wat e r tab I e by cl ay co n fin i n gun its. 
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EXPLANATION 

Colluvium 

Boulders~ c:obbles~ pebbles~ o!.'!Ind so!.'!Ind 

Clo!.'!IY 

Residuum 

Dolomite 

D .M.emmo rp hie lOcks 

.. Di.-ection of g 10 und- 'V<!IIb:!! ... movement 

Modified from Nutter, L.J., 1974a, Hydrogeology 
of Ant ieta m Creek Bas in : U. S. Geo I og ica I Su rvey 
Journal of Research, v. 2, no. 2, p. 249-252. 
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Figure 81_ Thick wedges of colluvium on the 
lowe r f I an k s of rid g e s st 0 rei a r g e qua nt it i e s 
of wat e r that sub seq u en t I V move i n t 0 a q u i-
fe rs in th e vall evs. Th e coil uvi um com mon IV 
con t a ins per c h e d bod i e s of g r 0 u n d wat e r that 
are se pa rate d from the m ai n water ta bl e bV 
c I a V con fin i n gun its. 

J J J J J 

Mod if ied fro m Nutter) L.J .) 1 873) Hydr og eo 10 gy of 
the car bo nate ro cks) Fred er ic k and Hag erdo '0.f'I 

Va II eys: Mary Ian d Geo log ic al Survey Rep or t of 
Investigations 8) 70 p. 
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Fi 9 u re 83_ C ayes inc arb 0 nat e rock sus u ally 
or i gin at e ass 0 I ut i 0 n- en I a r 9 e d f r act u res, j 0 i n t s, 
and bedding planes. This map of the Crystal 
G r ott 0 e sin Wa s h in 9 t on Co u n ty, Md., show s 
that the cay epa s sag est end t 0 be s t r a i 9 h tan d 
are a I i 9 ned pre d 0 min at ely n 0 rt h to s 0 ut han d 
n 0 rt h west t 0 sou the a st a Ion 9 the do min ant 
d ire c t ion s of i n t e r sec tin 9 f r act u res. Pa s sag e s 
ran 9 e ins i z e fro m I a r 9 e roo m SiS u ch as the 
B la nket Room i to na rrow slots such as the 
Keyh ole. 

F7.9 L3 

EXPLANATION 

C3'\1e p:zlls~e--D~ shed w he re 
IOO:::C'ltion unknown 

---- E~rpment 

MAJ::YLAND 
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Fi 9 u re 83_ C ayes inc arb 0 nat e rock sus u ally 
or i gin at e ass 0 I ut i 0 n- en I a r 9 e d f r act u res, j 0 i n t s, 
and bedding planes. This map of the Crystal 
Grottoes in Washington County, Md., shows 
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Figure 84_ Tu bu I ar spri n g s, cont act s pri n gs, an d 
i mperm ea bl e- rock s pri ng s are com m on in th e 
Va II ey and Rid g e P r OY inc e, but 0 n I y the tub u I a r 
s p r i n g s y i e I d I a r g e qua n tit i e s of w at e r . 
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Bradley, M.W., 1986, Prelim inary delineation and description of the 
reg io na I aq u if ers of Ten nes see-The East Ten nes see aqu if er sys te m : 
U. S. Geo I og ica I Su rvey Water- Reso ur ces Invest ig at ion s Rep ort 
82-4091, 30 p . 
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Fig u re 85 _ Wat e r that iss u e s fro m the r m a I s p r i n 9 s has c i r eu I at e d 
a Ion 9 dee p f I ow pat h s that ch ann e led the w at e r t 0 dept h s wh ere 
it beeam e heat ed by the norm al in ere ase in te mper atu re with 
depth in the Earth's crust. Most of the thermal springs issue near 
the ax e s of ant i cI i n e sib u t so m e iss u e a I on 9 f a u It zo n e s. Dee p, 
eon n e ct e d f r a et u res, s u eh a s the s e i n War m S p r i n 9 s Vall ey i Va., 
p r OY ide co n d u its that ea n ch ann e I the wa t e r tog r e at dept h s. 
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Modifiedfrom HJbba, W.A., Jr., Fisher, D.W., Pierson, F.J., Jr., and 
Chemerys, J .c., 1979, Hydrology and geochem istry of thermal 
springs of the ,Appalach iam; Geohydrology of geothermal systems: 
U.S. Geological Survey Profess ional Paper 1 044-E, 36 p. 
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Fi g u re 36_ W at e r s fro m the ca r b on at e- rock a qui fer s (A) of 
the Va II ey and Rid 9 e Pr OY inc e co nt a i non I y s Ii 9 h t I y I a r 9 e r 
con c e n t r at ion s of ca lei u m, mag n e s i u m, and b i car bon at e 
t han tho s e fro m u n d iff ere n t i ate d sed i men t a ry - roc k a qui fer s 
(8) . Th e prese nee of nitrate in wat er from the ca rbon at e- rock 
a qui fer sis ani n d i cat i on that the wat e r has bee n co n tam i n at­
e d by fer til i z e r s, ani m a I wast e s, 0 r s ewa 9 e. 
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Figure 81_ SI i g htly more th an on e- half of 
th e tota I fre shwater wit hd rawn from th e 
ca r b on at e- r oc k a q u if e r sin the Va II ey and 
Rid g e P r OY inc e d uri n g 1 985 wa sus e d for 
d om est i c a nd com m erci al pu rpos es~ 
abo u t tw IJ t h i r d s of the w at e r wit h draw n 
from un differ enti at ed se di m ent ary- rock 
a qui fer s wa s p u m p e d for the sam e use s . 
Th e rem ai n d er of th e wat er with drawn 
wa sus e d n ear lye qua II y for pub I i c 
sup ply, a g r i cu It u r a I, and i n d u s t ria I , 
min i n g, and the r m oe Ie ct ric power 
pu rposes . 
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Figure 89_ Th e pr in ci pa I aq u if ers in t he Appal ach ian 
P I at e a u s Pr Cf'{ inc e inS e g men t 1 1 are san d s ton e sin the 
g eo log i c u nit s show n i n yellow and lim est 0 n e shown 
i n b I u e. W her e f rae t u red, roc ks of the G r e e n b r i e r i the 
C at s ki II, and the Bra II i e r For m at i on s I 0 ca II y y i e I d 
w at e r. The gray are a s r e pr e sen t m iss i n g rock s. 
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Figure 90_ Topogra phV an d 5 ha II ow fra ct ur e 5V5t em 5 determ i neg rou n d­
wa t e r m oy em en tin the a qui fer 5 of the A p p a I a chi a n PI at e a us . Wat e r 
i n f i It rat e 5 we at her e d bed rock and m ov e 5 most I V t h r ou g h n ear -5 U rf ace 
f r act u res ~ 50 mew at e r m ov e 5 ina 5 t e pi ike f ash ion ve rt i ca II val on g dee pe r 
f r act u res and h 0 r i 2:0 n t a Ilv t h r 0 ugh f r a ct u red 5 and 5t on e 0 r c oa I bed 5. 
B ecau 5 e of th e ab5en ce of deep g rou n d-water ci rcu lati on an dreg i on al 
f I ow 5V 5t ems, 5 a lin e wa t e r i 5 at 5 h a II ow dept h 5 . 
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Figure 91. FI owi n g we II s are com m on 
in syn cI in al y alleys of the Appal achi an 
PI at e a us. Th e wat e r in the a qui fer i s 
confi n ed by I es s- perm eabl e mat eri ai, 
is under pressure, and rises above the 
top of the a q u if e r (well A) . We II sat 
lower altitudes might flow at the land 
su da ce (well B). 
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Figure 93. Wate r from 
un d iffe renti at ed sed im ent ary­
rock a qu if ers, ch i efly 
san d s ton e and s h a Ie , of the 
Appal achi an PI at eau s 
Provi n ce (A) cont ai n s sm all er 
con c e n t rat ion s of c a lei u man d 
mag -n e s i u m t han wat e r fro m 
car bon a t e- rock a qui fer s (B) . 
Nitrate in gr eate r t ha n tra ce 
con c e n t rat ion sin that fro m 
the ca r b on at e- rock a q u if e r sis 
an indicat i on of contamination 
by f e rt iii z e r s, ani m a I wast e s , 
or sewage. 
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bacteria . Weathering products include sulfuric acid, ferrous iron , 
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Figure 95. Drai n ag e f rom an 
a ba nd on ed un d erg rou nd coal 
min e in western Pen n sylvan i a 
is d i scolore d by I arg e con cen­
t rat i on s of iron and ot her 
m et a I san dis st ron 9 I y a ci d i c. 
The mine drainage pictured is 
at the land surface, where it 
poll utes strea ms, but s om e 
a Is 0 ent ers an d conta mi n at es 
9 r 0 u n d wa t e r . 

Photo from Roth and others, 1881 
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