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I. INTRODUCTION 

The principal aquifers include the lower Cape 

Fear, upper Cape Fear, Black Creek, Peedee, Castle 

Hayne, Yorktown, Surficial, and Bedrock aquifers. 

Minor aquifers in the State include the lower 

Cretaceous, Beaufort, and Pungo River [1].  

Aquifers are hydraulically connected materials such 

as sands, limestone, and fractured rock that provide 

water through a properly constructed well open to 

those materials. In the coastal plain, an aquifer is 

typically composed of one to several layers of 

eastward thickening, permeable sands or limestone 

split by discontinuous, clay-rich materials. 

Confining units, consisting of clay-rich sediments, 

exist above and below an aquifer. These confining 

units are more continuous clay layers and separate 

the aquifers. The surficial or unconfined aquifer 

overlies all the confined aquifers in the coastal plain 

[2]. 

 

II. WESTERN AQUIFERS 

In the Piedmont and Blue Ridge Provinces of 

North Carolina, two major aquifer systems exist, 

and usually interact with one another. The 

Piedmont and Blue Ridge Provinces are underlain 

by three principal types of bedrock aquifers [3]. In 

order of decreasing area, these are crystalline-rock 

and undifferentiated sedimentary-rock aquifers, 

aquifers in early Mesozoic basins, and carbonate-

rock aquifers. The most widespread aquifers in the 

Piedmont and Blue RidgeProvinces are the 

crystalline-rock and undifferentiated sedimentary-

rock aquifers. These aquifers extend over about 

49,000 square miles, or about 86 percent of the area, 

of these provinces [1]. An image of an aquifer is 

shown in Figure 1 [3].  In the figure the top layer is 

a representation of the top soil and the bottom layer 

is the confining bedrock.  The middle aquifer layer 

shows the requisite soil, sand, rock, and open pores 

that allows the water to flow.  

 
       Figure 1.  Cross section of aquifer 

 

Unconsolidated material called regolith overlies 

the crystalline-rock and undifferentiated 

sedimentary-rock aquifers almost everywhere. The 
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regolith consists of saprolite, colluvium, alluvium, 

and soil. Saprolite is a blanket of decomposed or 

partially decomposed rock that is usually thick and 

clayey, and whose texture varies depending on the 

type of parent bedrock from which the saprolite is 

derived [1]. Colluvium is weathered rock material 

that has slumped downward from hillsides. 

Alluvium consists mostly of water-transported 

sediment in stream valleys and channels. Because 

the regolith material varies greatly in thickness, 

composition, and grain size, its hydraulic properties 

also vary greatly [3]. However, the regolith is 

everywhere more permeable than the underlying 

bedrock. Water in the bedrock is stored in and 

moves through fractures, which form the only 

effective porosity in the unweathered rock [3]. 

Aquifers in early Mesozoic rift basins are all 

within the PiedmontProvince and occupy about 9 

percent of the combined area of the Blue Ridge and 

the PiedmontProvinces. An additional 2 percent of 

the area of the combined provinces is occupied by 

the early Mesozoic Durham, Sanford, Wadesboro, 

and Davie County Basins in North Carolina, but the 

rocks in these basins are not considered to be 

significant aquifers [1].  The Dan River Basin in 

North Carolina has intermediate size and extends 

from southern Appomattox County, Va., about 100 

miles southwest into Stokes County, N.C. Rocks in 

the four southernmost early Mesozoic basins in 

North Carolina contain water sufficient only for 

domestic supplies in the upper 300 feet [2]. The 

rocks are similar in composition but are more 

compact and tightly cemented than those in the 

basins to the north and do not yield sufficient 

quantities of water to be considered a principal 

aquifer [3]. 

Limestone, dolomite, and marble of Paleozoic 

and Precambrian age form carbonate-rock aquifers 

that extend over about 3 percent of the Piedmont 

and the Blue Ridge Provinces [2]. Although these 

carbonate rocks are of small extent, they are 

significant local sources of water. Carbonate-rock 

aquifers are in five areas of the Piedmont and the 

Blue RidgeProvinces.  Recharge is highly variable 

in the Blue Ridge and the Piedmont Provinces 

because it is determined by local precipitation and 

runoff, which are highly variable and are influenced 

by topographic relief and the capacity of the land 

surface to accept infiltrating water [2]. The greatest 

annual precipitation and runoff is in the Blue 

RidgeProvince, notably in southwestern North 

Carolina. Because the western part of the Piedmont 

Province is in the rain shadow of the Blue Ridge 

Mountains, it receives less precipitation than areas 

on either side [3]. 

Most of the Piedmont and the Blue Ridge 

Provinces are covered by regolith [2]. Compared to 

the Blue Ridge, the gentler topographic relief of the 

Piedmont and less precipitation make the Piedmont 

less subject to rapid denudation than the Blue Ridge 

and thus favor the accumulation of a thicker 

regolith. The combination of large areas of thin 

regolith and dense bedrock with minimal 

permeability in the Blue Ridge Province do not 

favor large amounts of ground-water recharge [3]. 

Most of the recharge in the Piedmont and the 

Blue RidgeProvinces takes place in interstream 

areas. Almost all recharge is from precipitation that 

enters the aquifers through the porous regolith [2]. 

A lot of the recharge water moves laterally through 

the regolith and discharges to a nearby stream or 

depression.  This either happens during or shortly 

after a storm or precipitation event [1]. Some of the 

water, however, moves downward through the 

regolith until it reaches the bedrock where it enters 

fractures in crystalline rocks and sandstones or 

solution openings in carbonate rocks [3]. 

In crystalline-rock areas, the regolith and 

fractures in the bedrock serve as the principal 

places for the storage transmission of water, and 

ground-water movement is generally along short 

flow paths from interstream recharge areas to the 

nearest stream [1]. This situation applies to most of 

the Piedmont and the Blue RidgeProvinces. Where 

bedrock fractures have one or more preferred 

directions of orientation, as is often the case, 

ground water will tend to flow more readily in the 

direction of the fractures; this is a condition called 

anisotropy [3]. 

The rocks of the early Mesozoic basins include 

beds of sandstone, arkose, and conglomerate that 

originally had considerable effective porosity 

between the grains [2]. However, due to 

compaction and cementation, the pores in most of 
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these strata are now reduced in size and poorly 

interconnected, so that only a small part of the 

ground water moves between pores. The diabase 

and basalt that intrude the sedimentary rocks had 

very low primary porosity [1]. The ground water in 

the lower Mesozoic rocks moves primarily along 

joints, fractures, and bedding planes. The water-

bearing fractures and bedding planes in each tabular 

aquifer are more or less continuous, but the 

hydraulic connection across the confining units 

between individual aquifers is poor [2]. Because of 

preferential alignment of these openings, the 

aquifers are anisotropic; most of the water 

movement is parallel to the strike of  beds [3]. 

The aquifers in the early Mesozoic basins north 

of North Carolina generally yield more water than 

other non-carbonate aquifers in the Piedmont and 

the Blue Ridge Provinces [2], possibly because the 

original, intergranular pore space in the Mesozoic 

rocks may be sufficient to store and transmit 

appreciable quantities of water. The lower 

Mesozoic rocks make up some of the few aquifers 

in the Piedmont and the Blue Ridge Provinces in 

which the yield per foot appears to increase with 

depth [3].  

Many wells completed in aquifers in the early 

Mesozoic basins yield large quantities of water 

during pumping tests that range from 24 to 48 hours 

but fail to maintain large yields over long periods of 

time. The yields of several wells that were tested at 

75 gallons per minute soon after completion 

declined in a few years to about 15 gallons per 

minute. These wells might have been completed in 

aquifers that did not contain much water in storage 

and had low rates of recharge. Another possibility is 

that after a period of pumping, some of the fractures 

in the aquifers might have been partly closed by 

clay and silt that were disturbed and transported by 

pumping action or by the precipitation of minerals 

from the water [3]. 

Several factors affect the yields of wells 

completed in the rocks of the Piedmont and the 

Blue RidgeProvinces. Variations in yield depend on 

the type of rock in which a well is completed; the 

thickness of the regolith; the number, size, and 

spacing of bedrock fractures and the degree to 

which the fractures are connected; and the 

topographic setting of the well.  The largest 

sustained well yields can be obtained from 

carbonate-rock aquifers, whereas the smallest 

sustained yields generally are from crystalline-rock 

and undifferentiated sedimentary-rock aquifers. 

Aquifers in early Mesozoic basins yield 

intermediate volumes of water. Well yields for all 

types of crystalline rocks generally are small; a 

recent study showed an average yield of 18 gallons 

per minute for wells completed in these rocks in 

North Carolina [3].   

Crystalline bedrock is covered by a thick to thin 

layer of regolith almost everywhere in the Piedmont 

and the Blue RidgeProvinces. Although the porosity 

of the regolith varies, depending mostly on the type 

of bedrock, it is everywhere more porous than the 

bedrock [3]. The porosity of the regolith ranges 

from about 20 to 30 percent, but the porosity of the 

bedrock ranges from only about 0.01 to 2 percent. 

Accordingly, the regolith has the capacity to store a 

much larger volume of water than the bedrock, 

which contains water only in fractures [2].  Most of 

the water is stored in the regolith reservoir from 

which a small part of the water moves downward 

and is stored in bedrock fractures. The size, number, 

and interconnection of the fractures decrease with 

depth. The thicker the regolith, the greater the 

volume of water in storage and the more likely well 

yield can be sustained [1]. Where the regolith is 

thin, crystalline-rock wells are more likely to go dry 

during the summer months or periods of drought [3].  

This is why the Piedmont Triad was affected so 

much during the drought in 2007. 

III. COASTAL AQUIFERS 

The eastern part of the state is where most of the 

principal aquifers are. The upper and lower 

CapeFear, Black Creek, Peedee, and Castle Hayne 

aquifers form regional aquifers. In large portions of 

these aquifers, sands and limestone materials are so 

well connected that withdrawals cause pressure 

reductions many miles from the pumping center.  

Figure 2 shows the general layout for the eastern 

part of the state and coastal regions [1].This is good 

news in that wells are very high yielding. The 

negative outcome is that pumping at one well 

affects water levels in wells for miles around. This 
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can be seen in water level data from the central 

coastal plain in the upper Cape Fear, Black Creek, 

and Peedee aquifers; Robeson, Bladen and 

Columbus counties in the upper Cape Fear aquifer; 

northeastern North Carolina in the lower Cape Fear 

aquifer; and Beaufort and surrounding counties in 

the Castle Haynes aquifer [3].  

 

Figure 2.  Aquifer system for North Carolina 

 

The surficial aquifer, which is sometimes called 

the water-table aquifer, is the saturated portion of 

the upper layer of sediments. The thickness of this 

layer, from the surface down to the first major 

confining bed, is typically from 20 to 50 feet [1]. 

The surficial aquifer is unconfined, meaning that its 

upper surface is the water table rather than a 

confining bed.  This aquifer is widely used 

throughout the State for individual home wells. The 

surficial aquifer is the shallowest and most 

susceptible to contamination from septic tank 

systems and other pollution sources [1]. Commonly, 

large diameter wells (up to 3 feet in diameter) are 

drilled up to 60 feet deep to store large quantities of 

water in the well casing [3]. The surficial aquifer is 

also very sensitive to variations in rainfall amounts.  

This is because they are the first to dry-up in a 

drought. On the Outer Banks shallow wells are 

subject to rainfall amounts, saltwater intrusion, poor 

quality ground water, and ocean over-wash [1]. 

Wells typically yield 25-200 gallons per minute.  

The composition of the surficial aquifer varies 

across the region, but it is generally 50 percent to 

70 percent sand, allowing high infiltration rates.  

Many shallow wells tap the surficial aquifer, 

especially near the coast and on the Outer Banks, 

where deeper waters are too salty [2]. The surficial 

aquifer is also important in  Sandhills area. Because 

the water in the surficial aquifer tends to be acidic, 

it is somewhat corrosive [1]. The surficial aquifer is 

particularly vulnerable to contamination [2]. 

Recent Carbon 14 age dating of the ground water in 

the Black Creek and Upper Cape Fear aquifers 

showed that the ages of the water increased with 

depth and with distance from the fall line eastward 

and ranged from 400 years to over 26,000 years. 

The major source of recharge to these aquifers 

comes from where they are in communication with 

the surficial aquifer near their westward limit. The 

water flows down gradient for tens of thousands of 

years before being withdrawn by water users in the 

coastal plain. his aquifer is present in the 

northwestern portion of the coastal plain at 

elevations of -9 to -2325 feet, averaging -500 feet 

(referenced to mean sea level). The lower CapeFear 

aquifer ranges from 20 to 1487 feet thick and 

averages about 300 feet thick. The aquifer is 

composed of fine to coarse sands [2]. Wells 

typically yield 200-400 gallons per minute. This 

aquifer is present in the western portions of the 

coastal plain at elevations of 295 to -1519 feet, 

averaging -250 feet. The upper CapeFear aquifer 

ranges from 8 to 665 feet thick and averages about 

150 feet thick. The aquifer is composed of very fine 

to coarse sands and occasional gravels. Wells 

typically yield 200-400 gallons per minute [2].  

The Black Creek aquifer is present in the central 

and southwestern portions of the coastal plain at 

elevations of 317 to -1207 feet, averaging -135 feet. 

The Black Creek aquifer ranges from 18 to 972 feet 

thick and averages about 175 feet thick. The aquifer 

is composed of very fine to fine "salt and pepper" 

sands [3]. Wells typically yield 200-400 gallons per 

minute.  The Pardee aquifer is located in the central 

to southeastern portion of the coastal plain at 

elevations of 114 to -796 feet, averaging -30 feet 

[1]. The Peedee aquifer ranges from 8 to 404 feet 

thick and averages about 135 feet thick. The aquifer 

is composed of fine to medium sand. Wells 

typically yield up to 200 gallons per minute [2].  
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The Yorktown aquifer lies below the surficial 

aquifer in the northern half of the coastal plain. The 

Yorktown is thin toward the west, sometimes less 

than 20 feet. It thickens eastward, to as much as 300 

feet in DareCounty. The Yorktown is mostly fine 

sand, silty and clayey sand, and clay with shells and 

beds of shells throughout.  The Yorktown aquifer is 

an important source of water in the northeastern 

part of the region, where deeper aquifers are too 

salty [3].  This aquifer is present throughout most of 

the northern coastal plain at elevations ranging from 

100 to -285 feet, averaging -3 feet. The Yorktown 

aquifer ranges from 4 to 709 feet thick and averages 

about 75 feet thick. Several localities tap this 

aquifer and produce high yielding wells including 

Roanoke Island, Kill Devil Hills, and ElizabethCity. 

Yorktown aquifer is composed of fine sand, silty 

and clayey sand, shell beds, and coarser sand beds 

[2]. Wells typically yield 15-90 gallons per minute. 

It is not used as much in the western part, since 

more productive sources are available [1].  

The Castle Hayne aquifer, underlying the eastern 

half of the coastal plain, is the most productive 

aquifer in the state. It is primarily limestone and 

sand. The Castle Hayne is noted for its thickness 

(more than 300 feet in places) [3] and the ease of 

water movement within it, both of which contribute 

to high well yields [1]. It lies fairly close to the 

surface toward the south and west, deepening 

rapidly toward the east.   This aquifer is widely 

used in the eastern portions of the coastal plain at 

elevations of 65 to -870 feet, averaging -90 feet. 

The Castle Hayne aquifer ranges from 15 to 954 

feet thick and averages about 175 feet thick. The 

aquifer is composed of limestone, sandy limestone, 

and sand. It is the most productive aquifer in North 

Carolina [2]. Wells typically yield 200-500 gallons 

per minute, but can exceed 2000 gallons per minute.  

Water in the Castle Hayne aquifer ranges from hard 

to very hard because of its limestone composition. 

Iron concentrations tend to be high near recharge 

areas but decrease as the water moves further 

through the limestone [1]. 

The Cretaceous aquifer is a grouping of several 

of the oldest and deepest sedimentary deposits that 

lie directly over the basement rock. The Cretaceous 

is the primary source of water for the western half 

of the coastal plain with the exception of the 

Sandhills [1]. To the east, the Cretaceous dips 

underneath the Castle Hayne. Toward the west, it 

rises near the surface, covered only by the surficial 

deposits, and in the northern part it rises to just 

below the Yorktown [2].  Water cannot move as 

easily in the Cretaceous as it does in the Castle 

Hayne, but the Cretaceous aquifer is very thick, 

allowing deep and productive wells [2]. Water from 

the Cretaceous is generally soft and slightly alkaline, 

requiring no treatment for most uses [3].  

The minor aquifers in the area include the lower 

Cretaceous which is rarely used. It is only fresh in 

the northern part of the coastal plain below Hertford 

and NorthamptonCounties. The top of this aquifer 

occurs at elevations of 355 to -2267 feet, averaging 

-1135 feet. The lower Cretaceous aquifer ranges 

from 25 to 812 feet thick and averages about 407 

feet thick. The aquifer consists of fine to medium 

sand with occasional coarse sand and limestone 

beds [3].  Another one is the Beaufort aquifer, 

which is present in the eastern-central portion of the 

coastal plain at elevations of 22 to -1207 feet, 

averaging -237 feet. The Beaufort aquifer ranges 

from 4 to 148 feet thick and averages about 49 feet 

thick. This aquifer is composed of fine to medium 

glauconitic sand, clayey sand, with occasional shell 

and limestone beds [2].  Finally, there is the 

PungoRiver aquifer.  It is present in the north-

central coastal plain at elevations of -29 to -617 feet, 

averaging -186 feet. The PungoRiver aquifer ranges 

from 6 to 225 feet thick and averages about 56 feet 

thick. The aquifer consists of fine to medium sand 

[3]. 

IV. CONCLUSION 

North Carolina is a huge and diverse state and it 

contains a wide range of aquifers both confined and 

unconfined of many sizes.  The eastern part of the 

state is more fortunate in that they have bigger 

aquifers that can be pumped at a higher rate.  This 

is due to several factors.  First, the Piedmont triad 

consists of more rock which isn’t as porous as the 

sand found in the east.  The eastern part of the state 

is also at a lower elevation, so it would get more 

water flowing down to it.  The eastern part is also 

benefitted by being near the coast so it gets all the 
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water that is flowing back to the ocean passing 

through it. 
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