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North Carolina De p artm e nt of Environm e ntal Quality
Division of Ene rgy, M ine ral and  Land  Re sourc e s
Brian L. W re nn, Division Dire ctor

This Ge ologic m ap  was fund e d  in p art b y the  U SGS National Coop e rative  Ge ologic M ap p ing Program
North Carolina Ge ological Surve y

Op e n File  Re p ort 2022-04

Groundwater Features Map of Chatham County and Surrounding Area, North Carolina

.
1 0 1 2 30.5

M ile s

2 0 2 4 61
Kilom e te rs

Hillshad e  im age  from  e le vation d ata from  LiDAR colle cte d  b y NC Flood p lain M ap p ing Program . LiDAR d ata p roc e ssing and  Hillshad e  im age  b y NC DOT - GIS U nit, 2007.

Figure 1: Generalized Geologic Map of Chatham County 
and Surrounding Areas

Figure 2: Unidirectional Rose Diagram of 
Fracture Orientations in Carolina Terrane Rocks

N = 2,048
Outer Circle = 5%

Figure 3: Unidirectional Rose Diagram of 
Fracture Orientations in the Deep River

Triassic Basin
N = 488

Outer Circle = 7%

Groundwater Features Map of Chatham County and Surrounding Areas, North Carolina.

JOHNSTON

What is a Groundwater Features Map? 
This Ground wate r Fe ature s M ap  p re se nts the  ap p roxim ate  locations of ge ologic fe ature s that we re  id e ntifie d  d uring ge ologic m ap p ing activitie s in Chatham  County b y the  North Carolina
Ge ological Surve y (Brad le y e t al., 2022).  The  ge ologic m ap p ing id e ntifie d  m ultip le  ge ologic structure s in the  m ap  are a that are  colle ctive ly inte rp re te d  as Ground wate r Fe ature s.
Chatham  County has ab und ant b e d roc k fracture s.  Ground wate r is p re se nt in the se  fracture s and  ground wate r is one  of the  m ain sourc e s of p otab le  wate r county wid e .  A Ground wate r
Fe ature , as d e signate d  on this m ap , m ay b e  a zone  of incre ase d  b e d roc k fracture s and  m ay the re fore  b e  zone s of incre ase d  ground wate r flow.  The  Ground wate r Fe ature  m ay have
im p ortant ram ifications to ground wate r availab ility and  p ollutant transp ort.  This m ap  is a tool for ground wate r p rofe ssionals, county staff, land owne rs, we ll d rille rs and  othe r stake hold e rs
to assist in the ir various d e c ision-m aking p roc e sse s as it p e rtains to ground wate r issue s.
W he n a ground wate r p rofe ssional is taske d  with siting ground wate r sup p ly we lls, waste  d isp osal fie ld s, inve stigating the  e xte nt of ground wate r contam ination or othe r tasks that involve
ground wate r q uality and  its flow in the  sub surfac e , one  of the  first tasks is to d e ve lop  a site -sp e c ific ground wate r conc e p tual m od e l.  U sing top ograp hic m ap s along with the ir e d ucation
and  e xp e rie nc e , a ground wate r p rofe ssional can m ake  infe re nc e s that can ap p roxim ate  the  ground wate r cond itions at a site .  As othe r p aram e te rs (like  the  ge ology, p re c ip itation
am ount, d e p th to ground wate r, e tc.) b e c om e  availab le , the  site  conc e p tual m od e l can b e  re fine d .  This Ground wate r Fe ature s M ap  will b e  ve ry he lp ful in the  initial stage s of d e ve lop ing
a site  conc e p tual m od e l.  This p roc e ss is usually d one  b y ground wate r p rofe ssionals, howe ve r som e  of the  b asic c onc e p ts can b e  und e rstood  b y the  non-p rofe ssional.  An e xc e lle nt
re sourc e  for the  ground wate r p rofe ssional and  non-p rofe ssionals inte re ste d  in the  te c hniq ue s of d e ve lop ing a ground wate r conc e p tual m od e l for locations within the  Pie d m ont and
M ountains of NC is Le Grand  (2004).  The  Le Grand  (2004) guid anc e  m anual is writte n p rim arily for the  ground wate r p rofe ssional, howe ve r ke y conc e p ts will b e  und e rstood  b y
the  non-p rofe ssional.
Bedrock Fracture System 
The  ge ology of Chatham  County is com p le x with m any d iffe re nt roc k typ e s.  The  m ajority of the  c ounty is und e rlain b y anc ie nt m e tam orp hose d  volcanic roc k known as  the  Carolina
te rrane  (Slate  b e lt).  Smalle r p ortions of the  e aste rn and  southe rn p arts of the  c ounty are  und e rlain b y se d im e ntary roc ks of the  Triassic b asin (Figure  1).  Ge ne rally, the  roc ks of the
Carolina te rrane  have  m ore  wate r-b e aring fracture s than the  roc ks of the  Triassic b asin.
Be d roc k fracture s can b e  ve ry e ffic ie nt cond uctors of ground wate r and  the y m ay b e  inte rc onne cte d  in com p le x ways.  The  am ount of wate r that fracture s transm it can b e  highly variab le
and  can re sult in d rastically d iffe re nt we ll yie ld s in a single  ne ighb orhood  or stre e t.  U nd e r natural (non-p um p ing) cond itions, ground wate r within fracture s follows the  local hyd raulic grad ie nt.
In case s of strongly orie nte d  fracture  syste m s, the  ground wate r m ay follow the  fracture s and  flow in d ire ctions inc onsiste nt with the  e xp e cte d  hyd raulic grad ie nt.  W he n wate r is re m ove d
from  a we ll b y p um p ing, the  natural ground wate r flow d ire ctions are  d isturb e d  and  ground wate r from  inte rconne cte d  ne twork of fracture s is transp orte d  to the  we ll.  U nd e sirab le
c ontam inants (e .g. fe cal coliform , nitrate s, p e trole um  hyd rocarb ons, chlorinate d  hyd rocarb ons, m e tals, e tc.) m ay also flow in the  p re fe rre d  p athways cre ate d  b y the  fracture  ne twork.
The se  c ontam inants can trave l a gre at d istanc e  within the  b e d roc k fracture  syste m s.
Ground wate r is re c harge d  to the  fracture  syste m  b y the  slow infiltration of rainwate r through the  soil and  into the  fracture d  rock.  Ofte n the re  are  just a fe w highly fracture d  zone s that
transm it the  infiltrating wate r to the  d e e p e r fracture  ne twork.  Be cause  of Chatham  County’s ge ologic history, the  b e d roc k in p arts of the  c ounty is m ore  fracture d  and  the se s fracture s
can oc cur in a p re fe rre d  orie ntation.  Figure s 2 and  3 p re se nt a rose  d iagram  that d isp lays d ire ctional d ata and  the  fre q ue ncy of fracture  d ata from  outcrop s in the  Carolina te rrane
and  De e p  Rive r Triassic Basin, re sp e ctive ly.  The  d iagram s show a strong p re fe rre d  orie ntation of fracture s in a northwe st – southe ast d ire ction that are  consiste nt with the  orie ntation of
d iab ase  d ike s, b rittle  faults and  line am e nts.  A northe ast – southwe st fracture  p atte rn is also p re se nt.
What features are identified on the map? 
The  m ap  inc lud e s p oint and  line  e le m e nts that are  ap p roxim ations of the  oc curre nc e  of a re le vant ge ologic fe ature , e ithe r ob se rve d  in the  fie ld  or inte rp re te d  from  LiDAR hillshad e  e le vation d ata.
Points
Diabase - The  re d  c irc le  p oints id e ntify a location whe re  a b ould e r(s) or cob b le (s) of the  roc k typ e  d iab ase  was ob se rve d .  Diab ase  is a mafic igne ous roc k with a com p osition sim ilar to oc e an
floor b asalts whic h intrud e d  the  Pie d m ont ap p roxim ate ly 200 m illion ye ars ago.  Diab ase  oc curs in narrow, ne arly ve rtical she e ts calle d  d ike s.  The  re d  c irc le  locations m ark the  surfac e  trac e
of a d iab ase  d ike .  Diab ase  d ike s are  known b y ground wate r p rofe ssionals to b e  good  p lac e s to install p rod uctive  ground wate r we lls in com p arison to the  surround ing roc ks.
Quartz – Quartz is a com m on roc k form ing m ine ral and  can b e  p re se nt as grave l- to b ould e r-size d  d e b ris throughout Chatham  County.  Zone s of q uartz can form  assoc iate d  with faulting
and  othe r ge ologic e nvironm e nts.  In the  m ap  are a, q uartz cob b le s and  b ould e rs are  com m on.  The  q uartz m ay b e  an ind ication of an are a that was faulte d  in the  ge ologic p ast and  like ly
has ab und ant b e d roc k fracture s.  
Quartz can also oc cur assoc iate d  with locations that have  und e rgone  hyd rothe rm al alte ration.  Roc ks that show signs of hyd rothe rm al alte ration are  com m on in p arts of Chatham  and
ad jac e nt countie s.  The  hyd rothe rm al alte ration is the  re ason the re  are  historic cop p e r m ine s in the  southwe st p ortion of Chatham  County.  Hyd rothe rm al alte ration oc curs whe n wate r,
he ate d  b y m agm a, p e rm e ate s through roc ks or d e p osits and  c hange s the ir com p osition b y ad d ing, re m oving or re d istrib uting che m ical e le m e nts.  Hyd rothe rm al alte ration ofte n cre ate s zone s
of the  m ine ral q uartz.  Quartz form e d  d uring faulting and  hyd rothe rm al alte ration can look id e ntical.  Site  sp e c ific inve stigations m ay b e  ne e d e d  if a site  has ab und ant q uartz d e b ris to d e te rm ine
if it m ay b e  an ind ication of p re se nc e  of ab und ant fracture s or anothe r re ason.
Lines
Inferred diabase dike – A line  re p re se nting the  inte rp re te d  location of a d iab ase  d ike  is p rovid e d  whe n the  d istrib ution of d iab ase  p oints and /or top ograp hy im p lie s the  p re se nc e  of a
m ap p ab le  d ike .  Diab ase  d ike s are  p re se nt as thin (up  to 200 fe e t wid e  – b ut m ore  typ ically are  a fe w fe e t to 40 fe e t wid e ) b od ie s.  Diab ase  can also oc cur as sills within the  se d im e ntary
roc ks of the  Triassic b asin.  Sills are  tab ular b od ie s that are  orie nte d  ge ne rally p aralle l to the  b e d d ing of the  Triassic se d im e nts.  The  location of the  line  is an ap p roxim ation and  should  b e  
confirm e d  b y a site -sp e c ific fie ld  inve stigation.  
The  orie ntation of d iab ase  d ike s can vary.  M ost are  ne ar-ve rtical, b ut som e  have  d ip s as low as 45 d e gre e s have  b e e n ob se rve d .  As such, the  surfac e  trac e  d oe s not ne c e ssarily m atch
the  sub surfac e  location.  W he n atte m p ting to inte rse ct a d iab ase  d ike  to im p rove  p ote ntial we ll yie ld , knowle d ge  of the  sub surfac e  orie ntation of the  d iab ase  d ike  is ne e d e d .
Diab ase  d ike s can d ip  in any d ire ction.  
Inferred brittle fault - A line  re p re se nting the  inte rp re te d  location of a b rittle  fault is p rovid e d  whe n ge ologic units ab rup tly e nd  (truncate d ) and /or top ograp hy im p lie s the  p re se nc e  of a m ap p ab le
fault.  The  location of the  line  is an ap p roxim ation and  should  b e  c onfirm e d  b y a site -sp e c ific fie ld  inve stigation.  On the  m ap , a fault is d e signate d  as a line ; howe ve r, a fault will have  a zone
of fracture d  roc k on e ithe r sid e  of the  fault line  – calle d  a fault zone  or d am age  zone .  Faults can vary wid e ly in le ngth and  wid th.  M ajor b rittle  faults can e xte nd  for m ile s and  have  fault zone s that
are  100’s to 1000’s of fe e t wid e .  Sm alle r faults can e xte nd  for inc he s to 100’s of fe e t.  The  ge ne ral rule -of-thum b  is an are a that has a b rittle  fault is like ly to have  m ore  fracture s in the
b e d roc k than a location away from  the  fault.  Also, the re  is typ ically a d e cre ase  in the  inte nsity of b e d roc k fracture s as one  m ove s farthe r away from  the  fault.
Linear geomorphic feature interpreted from hillshade LiDAR - A line am e nt is a line ar (re lative ly straight) top ograp hic fe ature .  A naturally oc curring line am e nt usually re fle cts
characte ristics of the  und e rlying roc ks.  LiDAR e le vation d ata for Chatham  County b e cam e  availab le  in ca. 2007.  LiDAR (Light De te ction And  Ranging) e le vation d ata is ac q uire d  using an
airp lane -m ounte d  lase r transm itte r that m e asure s ve ry ac curate  e le vation d ata.  This d ata se t has re ve ale d  an e xtraord inary ne twork of line am e nts that are  p aralle l to d iab ase  d ike s and  known
orie ntations of b rittle  faults. Som e  of the se  line am e nts can b e  trac e d  for m ultip le  m ile s across Chatham  County.  The  line am e nts are  inte rp re te d  to b e  like ly fracture  zone s; howe ve r,
fie ld  ob se rvations could  not confirm  the  p re se nc e  of e ac h p ote ntial b rittle  fault.
The  m ap  are a has hund re d s of line am e nts whe n vie we d  at varying scale s.  Only the  m ajor line am e nts that are  e asily visib le  at 50,000- to 100,000-scale  are  id e ntifie d  on the  Ground wate r
Fe ature s M ap .  Like  b rittle  faults, line am e nts can wid e ly vary in le ngth and  wid th.  M ajor line am e nts e xte nd  for m ile s and  have  line ar top ograp hic e xp re ssions that are  100’s to
gre ate r than 500 fe e t wid e  in som e  locations.
What features are not identified on the map? 
M ultip le  unm arke d  ge om orp hic line am e nts are  visib le  whe n vie we d  at 24,000- to 50,000-scale  on the  d ata from  LiDAR.  The se  m inor line am e nts e xte nd  for short d istanc e s (100’s to 
1000’s of fe e t).  M inor line am e nts are  not ind icate d  on the  m ap  b ut can b e  id e ntifie d  b y a close  insp e ction of the  m ap .  The se  m inor line am e nts m ay have  im p ortant im p lications for site -sp e c ific
inve stigations.  Figure  4 shows an e xam p le  of the  id e ntification of m inor line am e nts at a m ore  d e taile d  scale .
How to use the map
This Ground wate r Fe ature s M ap  can b e  utilize d  for a varie ty of ap p lications inc lud ing: 1) locations to site  ground wate r we lls to im p rove  yie ld , 2) id e ntify vulne rab le  locations and /or flow p aths
for ground wate r im p act, 3) id e ntify ground wate r re c harge  are as (use ful to d e signate  are as of p rote ction), and  4) id e ntify ground wate r d ischarge  are as.
W he n using this m ap , it is im p ortant to note  that the  size  of d ata p oints and  line  wid ths are  e xagge rate d  c om p are d  to the  size  of d ata stations in the  fie ld .  For e xam p le , all d iab ase  stations are
re p re se nte d  b y re d  d ots with a d iam e te r of 0.05 inc he s on the  m ap , e q uivale nt to ap p roxim ate ly 210 fe e t across in re al-life .  In Chatham  County, d iab ase  stations can range  in size  from
se ve ral b ould e rs that m e asure  m ore  than 3 fe e t in d iam e te r to a fe w cob b le s m e asuring le ss than one  foot.  De sp ite  ob vious d iffe re nc e s in size , all d iab ase  station locations are  re p re se nte d
b y the  sam e  sym b ol.  The  sam e  is true  for the  fe ature s re p re se nte d  b y line s on this m ap .  W hile  the  line s that re p re se nt d iab ase  d ike s are  ap p roxim ate ly 0.02 inc he s wid e  on the  m ap  (ab out 
80 fe e t in re al-life ), the  re al wid th of d ike s cove rs a wid e  range .  The re fore , the  size  of sym b ols on this m ap  is not ne c e ssarily re p re se ntative  of the  true  size  of ground wate r fe ature s. 
Example Potential Use of the Data
Siting of ground wate r we lls:  This d atase t can he lp  land  owne rs, e nvironm e ntal p rofe ssionals, we ll d rille rs, and  othe r stake hold e rs site  p rod uctive  ground wate r we lls.  W e lls installe d  within
zone s of incre ase d  fracture s (a Ground wate r Fe ature ) will have  a highe r like lihood  of b e ing a p rod uctive  we ll.
M itigating the  im p act of we ll inte rfe re nc e :  Pum p ing a we ll re m ove s ground wate r and  lowe rs the  wate r le ve l in the  we ll and  ne arb y roc k as wate r is d ive rte d  toward  the  we ll.  If m ultip le  we lls
are  installe d  in the  sam e  fracture d  ne twork, the y m ay com p e te  for wate r and  cause  an e nhanc e d  lowe ring of the  wate r tab le .  In locations in the  vic inity of Ground wate r Fe ature s, the  lowe ring
of the  wate r tab le  m ay b e  m ore  p ronounc e d  and  m ay e xte nd  in a p re fe rre d  d ire ction d ue  to the  line ar nature  of the  Ground wate r Fe ature .  U nd e rstand ing the  re lationship  of
the  location of wate r we lls and  the  b e d roc k fracture  ne twork is im p ortant to avoid  and /or he lp  m itigate  we ll inte rfe re nc e  issue s.
Ground wate r vulne rab ility:  Ground wate r Fe ature s are  p ote ntial locations of local ground wate r re c harge  and /or are as in whic h the  ground wate r m ay b e  m ore  vulne rab le  to an im p act
from  anthrop oge nic c ontam ination d ue  to the  incre ase d  fracture s in the  und e rlying b e d roc k.  Ground wate r vulne rab ility is a m e asure  of how e asy or d ifficult p ote ntial contam inants can
m igrate  from  the  surfac e  or ne ar surfac e  to ground wate r.  The  rate  of infiltration is highly d e p e nd e nt on the  soil and  c ontam inant p rop e rtie s, whic h can vary gre atly from  location to location.
This d atase t of Ground wate r Fe ature s can b e  use d  as p art of a ground wate r vulne rab ility stud y.  The  p re se nc e  of a Ground wate r Fe ature  d oe s not ne c e ssarily ind icate  vulne rab le  ground wate r.
The  d atase t can b e  use d  in the  d e c ision-m aking p roc e ss to d e te rm ine  the  e xte nt of site -sp e c ific inve stigations into the  vulne rab ility of the  ground wate r whe n siting of waste  d isp osal facilitie s,
che m ical storage , or othe r facilitie s that have  the  p ote ntial to im p act ground wate r if not p rop e rly m anage d .  
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Figure 4: Example of identification of minor lineaments.
Minor lineaments are indicated by blue ellipses.

Other unmarked minor lineaments are present in area.
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c ounty b ound arie s

d iab ase  p re se nt as wid e  d ike  or sill

othe r ge ologic d ike s d istinct from  d iab ase

infe rre d  d iab ase  d ike

line ar ge om orp hic fe ature  inte rp re te d  from  hillshad e  LiDAR - origin unc e rtain

infe rre d  d iab ase  d ike  intrusion along fault

!. ind icate s location of d iab ase  b ould e r(s)

#* ind icate s location of vuggy and /or m assive  q uartz b ould e rs

infe rre d  fault location

Ke nne th B. Taylor, State  Ge ologist


