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Be d rock L ithologic and  S tratigraphic Influe nce s  on the  W ate r Q uality of S prings  in Came ron and  M cKe an Countie s , Pe nns ylvania
Aaron Bie rly, De partme nt of Cons e rvation and  N atural R e s ource s -Pe nns ylvania Ge ological S urve y, aabie rly@pa.gov

Recent research conducted on springs during a routine mapping project led to interesting correlative
relationships between the characteristic groundwater of springs and the bedrock formations they flow through.
This spring study is to gain a better understanding of bedrock influence on groundwater chemistry in northwest
Cameron County and southeast McKean County, Pennsylvania.  During geologic mapping of the Norwich and
Rich Valley 7.5-minute quadrangles, over 90 springs within the Pottsville Formation (Pp), Waverly Group
(MDw), Catskill Formation (Dck), and Lock Haven Formation (Dlh) were inventoried and analyzed for yield,
pH, specific conductance, and temperature. Twelve springs had additional laboratory analyses including
alkalinity, hardness, sulfate, sulfide, chloride, bromide, mercury, and metals (arsenic, barium, calcium, iron,
lead, potassium, magnesium, manganese, sodium, strontium, and vanadium). Water quality results were
compared to bulk rock geochemistry and XRD mineralogy to identify unique lithologic properties in each
formation and how they affect the water chemistry. General trends observed include acidic waters in the coal-
bearing Pottsville Formation transitioning to slightly acidic to slightly alkaline waters by the time the
groundwater has percolated to the Waverly Group/Catskill Formation contact; seasonal increases in specific
conductance and pH during base-flow conditions in late summer/early autumn; and a groundwater
temperature range of 4.5° C (late winter) to 15.5° C (late summer/early autumn). These studies provide
groundwater characteristics by geologic formation in a dominantly rural community that depends on
groundwater as a drinking water supply. The data from this study provide the private homeowner, well driller,
land manager, and land developer information that can inform water-well design/siting, use of springs as a
water source, and strategic placement of future infrastructure in the study area.

ABSTRACT

During routine  mapping of the  N orwich and  R ich Valle y 7.5-minute  quad rangle s ' be d rock ge ology, the  author
e ncounte re d  nume rous  s prings  which  we re   inve ntorie d  and   we re  analyze d  on s ite  for wate r te mpe rature ,
pH, and  s pe cific cond uctance . A ge ne ral tre nd  of incre as ing pH  and  s pe cific cond uctance  was  obs e rve d  as
the  wate r move s  from the  re charge  s ite s   on the  top of the  mountains  to d is charge  s ite s  on the  hills id e  and
valle y bottom s prings . T his  is  corre late d  to the  bulk rock ge oche mis try/mine ralogy in the s e  formations  is
changing the  ground wate r's che mis try. T we lve  s ite s  we re  ad d itionally s ample d  for lab-quality  analys is   to
d e te rmine  if othe r ge oche mical tre nd s  could  be  obs e rve d  and  to highlight pos s ible  naturally occurring
contaminants   that could  be   cons ume d  from d rinking  s pring wate r. Be d rock compos ition was analyze d  by us e
of core  and  fie ld  s ample s  for mine ralogy and  ge oche mical analys is . T he s e  re s ults  we re  the n compare d  to the
wate r quality d ata to id e ntify lithologie s  and  the ir s tratigraphic pos ition that we re  critical in changing variable
wate r che mis try in the  s prings . All s pring d ata we re  e nte re d  into the  Pe nns ylvania Ground wate r Information
S ys te m which can be  acce s s e d  online .

INTRODUCTION

T he  more  acid ic nature  of the  Potts ville  Formation in the  s tud y are a is  corre late d  to the  s ulfur-
be aring coal s e ams  of the  Q uake rtown comple x. T he  ove rlying uppe r M e rce r coal was not
analyze d , but pH le ve l in s prings  d is charging from the  coal s ugge s t it contains  le s s  s ulfur in the
s tud y are a than the  Q uake rtown comple x. T he  combination of s ulfur-be aring coals , lack of
carbonate  lithologie s , and  the  coal's und e rclays  acting as  aquitard s  (the re fore  incre as ing the
ground wate r's e xpos ure  time  to the  coals ) re s ults  in the  acid ic wate rs  with pH value s  in the  mid
4's and  low 5's. Inte re s tingly, s ulfate  conce ntrations  are  lowe r in the  more  acid ic wate rs  of the
Potts ville  Formation and  uppe r W ave rly Group and  hyd roge n s ulfid e  was  not d e cte cte d . Als o
note worthy, the  intraformational conglome rate s  in the  W ave rly Group and  Cats kill Formation
have  e le vate d  s ulfur conte nt (both organic mate rial and  pyrite  have  be e n obs e rve d ) but any
s ulfur introd uce d  in the  ground wate r from the s e  rocks  is  buffe re d  from the  calcite  conte nt als o
found  in the s e  litholgie s .
Carbonate  mine rals , calcite  and  d olomite , we re  id e ntife d  by thin s e ction and  x-ray d iffraction in
varying amounts  throughout the  W ave rly Group, Cats kill Formation, and  L ock Have n
Formation. Carbonate  mine rals  we re  found  d ominantly as inte rgranular ce me nt in s and s tone s
and  intraformational conglome rate  but inve rte brate  s ke le tal mate rial and  pe d ige nic nod ule s
we re  obs e rve d . T he s e  calcare ous  s and s tone s , intraformational conglome rate s , and  bios parite
lime s tone s  provid e  the  alkaline  buffe r to offs e t acid ic wate r coming from the  s tratigraphically
highe r Potts ville  Formation and  to a le s s e r e xte nt from the  acid ic nature  of rain wate r
re charging the s e  aquife rs .
Analys is  of a core  d rille d  on S tate  Game  L and s  293 (GPS : 41.50019°, -78.40765°) re ve als  that
carbonate -be aring rocks  make  up approximate ly 8.9 pe rce nt of the  W ave rly Group, 5.7 pe rce nt
of the  Cats kill Formation, and  10.6 pe rce nt of the  uppe r 220 fe e t of the  L ock Have n Formation.
It s hould  be  note d  that only the  W ave rly Group has  true  lime s tone s  of which it compos e s  le s s
than 2.2 pe rce nt of the  Group's total lithology.

MINERALOGY/BULK ROCK GEOCHEMISTRY

Photos Above : Four pe trographic thins e ction photos  from the  W ave rly Group with calcite
s taine d  with alizarin re d  and  ope n pore  s pace  be ing fille d  with blue  e poxy. All four s lid e s
we re  cample d  from core  d rille d  on S tate  Game  L and s  293 in we s te rn Came ron County,
Pe nns ylvania. Image  A: S lightly calcare ous  s and s tone  d is playing inte rgranular calcite -
ce me nt; e ntire  s lid e  was  s taine d . Image  B: Calcare ous  s and s tone  d is playing inte rgranular
calcite  ce me nt; le ft half of s lid e  was s taine d . image  C: S and y intraformational conglome rate
be aring a fos s il bryozoan; le ft half of s lid e  was  s taine d . Image  D: S lightly s and y bios paritic
lime s tone ; e ntire  s lid e  s taine d . Fos s ils  are  brachiopod s .

T he  author would  like  to acknowle d ge  John Barne s  for his  XR D analys is . S e ne ca R e s ource s
and  E lk S tate  Fore s t whom both grante d  road  acce s s  to s prings  on the ir land s . T he
Pe nns ylvania Ge logical S urve y for provid ing ad d itional fund ing for lab-quality wate r s ampling.
Unite d  S tate  Ge ological S urve y and  the  Pe nns ylvania De partme nt of E nvironme ntal prote ction
who continue  to fund  the  W ald y R un S tre am Guage . T he  Unite d  S tate s  Ge ological S urve y's
S T AT E M AP Program which fund e d  mapping of the  N orwich and  R ich Valle y 7.5-minute
quad rangle s , in which this  s pring s tud y was  an unfore s e e n d e rivative  proje ct the re  of.
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Comparis ion of W ate r T e mpe rature  Fluctuation of L ocal S prings  to S e as onal Bas e -flow  Cond itions  of W ald y R un, Came ron County, Pe nns ylvania
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During s e as onal d roughts , s uch as  obs e rve d  d uring the  late  s umme r of 2017, ground wate r
d is charging from the  W ave rly Group and  Cats kill Formation incre as e s  in both pH and  s pe cific
cond uctance  (S e e  figure  to le ft). T his  s e as onal d rought was  capture d  by U S GS  s tre am gauge
01542810 at W ald y R un. T e mpe rature s  at s prings  incre as e d  d uring this  s ame  d rought (S e e
figure  be low). Incre as e  in ground wate r te mpe rature s  would  s pe e d -up che mical re ctions
be twe e n carbonate  mine rals  and  the  ground wate r. L ike wis e , d e cre as e d  ground wate r flow
would  incre as e  the  time  of e xpos ure  the  wate r has  with the  be d rock and  d is s olve d  ions  would
be  more  conce ntrate d  provid ing a corre lation e xplaining the  incre as e  in s pe cific cond uctance
and  more  alkaline  cond itons  obs e rve d  in s umme r bas e -flow cond itions .

CHANGES IN SEASONAL GROUNDWATER

Figure  Above :  Chart d is playing wate r te mpe rature  of s prings  s ample d  in the  fie ld  (tan d ots ) and
comparing this  d ata with the  d is charge  value s  re cord e d  from the  U S GS  s tre am Gauge  on W ald y
R un. T his  s tre am guage  capture s  a s mall wate rs he d  of 5.22 s quare  mile s  (S tre amS tats  2019)
within the  s tud y are a.
Figure  L e ft: Dot d iagram s howing the  s tratigraphic pos ition of s prings  s ample d  in the  fie ld  with the
s pring's s pe cific cond uctance  (orange  d ots ) and  pH value s  (blue  d ots ) plotte d . Value s  plotte d  with
re d  rings  we re  take n d uring the  months  of Augus t to mid -Octobe r which te nd  to obtain the  lowe s t
bas e  flow cond itions . Als o d is playe d , is  the  e xte nt of calcare ous  lithologie s   with d ata large ly
coming from d e taile d  core  analys is  s upple me nte d  by obs e rvations  in the  fie ld .
Photos  R ight: T wo photos  of S pring 2207 locate d  within the  L ock Have n Formation. Photo A
take n d uring bas e -flow cond itions in De ce mbe r 2018 be aring a yie ld  of 7.99 gallons/minute ,
s pe cific cond uctance : 41.2 μS /cm, and  a pH: 6.32. Photo B take n d uring bas e -flow cond itions  in
Octobe r 2017  be aring a yie ld  of 0.4 gallons /minute , s pe cific cond uctance  of 67.0 μS /cm and  a
pH: 7.8.

A
B

T hough this  s tud y highlights  ge ne ral tre nd s  in the  ground wate r, a more  thorough s tud y would
includ e  e s tablis hing s e ve ral s prings  from e ach formation for d aily s ampling which would
e s tablis h a be tte r corre lation of the  amount of flucuation in the  ground wate r's che mical and
phys ical characte ris tics . A che mical s tud y of the  pre cipitation land ing in the  re charge  are as  is
us e ful to highlight the  che mis try of the  wate r be fore  e nte ring the  be d rock and  would  give
ins ight on the  s e ve rity (or lack) of che mical re actions  with the  be d rock mine rals . Als o critical
would  be  d e te rmining the  rate  in which wate r pas s e s  through the  ground wate r s ys te m from
re charge  s ite  to d is charge  at the  s prings  which will give  ins ight on how long the  ground wate r
has  e xpos ure  to the  be d rock.

Recommended Future Research

Table 2: Spring Water Quality Analysis

A  C

DB

Table  1 (L e ft): Bulk rock ge oche mis try of rock hand
s ample s  colle cte d  within the  R ich Valle y and
N orwich 7.5-minute  quad rangle s  of Came ron and
M cKe an countie s , Pe nns ylvania. Chart is
organize d  s tratigraphically. Coals  are  from the
Q uake rtown comple x.

T able  2 (Be low): W ate r quality analys is  of 12
s prings  within the  s tud y are a. All s prings  e xce pt for
the  two s prings  in the  Potts ville  Formation are  us e d
as  wate r s ource s  for local re s id e nts  or s e as onal
camps . Ad d itional wate r parame te rs  includ ing
ars e nic, bromid e , chlorid e , hyd roge n s ulfid e , le ad ,
me rcury, and  vanad ium we re  s ample d  but not
d e te cte d . M e tals  we re  analyze d  us ing E PA
me thod s  200.7, 200.8, and  245.1. Chart is
organize d  s tratigraphically. S ampling occure d  from
De ce mbe r 12, 2018 to De ce mbe r 13, 2018.

Once  ground wate r pe rcolate s  through the  Potts ville  Formation, the  wate r be gins  to inte ract
with calcite -be aring s and s tone s , intraformational conglome rate s , and  s and y bios partic
lime s tone s . T he s e  lithologie s  buffe r the  acid ic wate rs  from me te oric wate rs  and /or s ulfur-
be aring coals  to ne ar ne utral pH. During s e as onal d roughts , the  buffe ring be come s  more
pronounce d  as  wate rs  be come  is  furthe r alkaline  s ome time s  re aching pH in the  mid  8's.
Furthe rmore  s pe cific cond uctance  is  e le vate d  in s e as onal d roughts  as  d is s olve d  ions are
conce ntrate d  in the  d e cre as e d  d is charge  of pe re nnial s prings . L ab analyze d  wate r s hows
e le vate d  iron, magane s e , potas s ium, and  barium and  d e cre as e d  s od ium in the  Potts ville
Formation compare d  to the  M is s is s ippian and  uppe r De vonian Formations . At the  time  of
s ampling all twe lve  s prings  pas s  E PA d rinking wate r s tand ard s  for te s te d  parame te rs  e xce pt for
s prings  in the  Potts ville  Formation whe re  iron faile d  s e cond ary d rinking wate r s tand ard s  in both
s prings  and  magane s e  in one  s pring. It is  e ncourage d  that wate r we lls  d rille d  within the
Potts ville  Formation are  d rille d  and  cas e d  through the  e ntire  Potts ville  Formation and  the  firs t
100 fe e t of W ave rly Group (whe n ove rlain by Potts villle  Formation) to e ns ure  the  be s t pos s ible
wate r quality the  aquife r can provid e .

Table 1: Bulk Rock Geochemistry
As Ba CaO Fe 2O3 Hg K2O M gO M nO N a2O Pb T otal S S r V

R ock Unit L ithology ppm ppm % % ppb % % % % ppm % ppm ppm
Potts ville  Formation Coal 8 141 0.04 1.03N A 0.25 0.06 0.003 0.02 14 0.72 30 50
Potts ville  Formation Coal 3 316 0.03 0.90N A 0.55 0.09 0.003 0.04 26 0.43 64 82
Potts ville  Formation Coal 11 358 0.05 1.10N A 0.46 0.06 0.005 0.02 22 0.65 62 89
Potts ville  Formation Coal 14 185 0.03 1.00N A 0.46 0.07 0.001 0.04 24 0.69 48 95
Potts ville  Formation Clays tone

(Coal Und e rclay) 50 598 0.07 5.25239 3.40 0.71 0.019 0.23 26 0.04 153 171

Potts ville  Formation Clays tone  
(Coal Und e rclay) 7 573 0.14 2.36110 3.64 0.67 0.015 0.21 27 0.02 75 133

Potts ville  Formation S and s tone 6 30 0.10 0.69 < 5 0.22 0.05 0.017 0.02 < 5 < 0.01 8 7
Potts ville  Formation S and s tone 4 46 0.02 1.01 < 5 0.10 0.02 0.059 0.01 17 < 0.01 11 9
W ave rly Group S and s tone 2 217 0.05 3.67 < 5 1.39 0.40 0.018 0.07 5 < 0.01 28 48
W ave rly Group S hale 6 401 0.18 6.02 7 2.72 1.10 0.041 0.26 15 < 0.01 64 106
W ave rly Group Clays tone

 (R e d  Be d ) 6 528 0.11 9.39 < 5 3.97 1.47 0.034 0.31 6 < 0.01 78 131

W ave rly Group Intraforamtional 
Conglome rate 65 121 24.85 6.83 16 0.79 0.92 0.580 0.33 32 0.38 354 37

W ave rly Group S and s tone 12 166 16.69 3.43 13 1.40 0.64 0.677 0.60 < 5 0.04 200 45
W ave rly Group S and s tone 15 337 0.20 5.24 5 1.89 1.07 0.032 0.61 < 5 < 0.01 43 68
W ave rly Group Intraforamtional 

Conglome rate 64 118 27.06 7.65 14 0.96 1.74 0.857 0.19 21 0.35 244 42
Cats kill Formation S and s tone 7 348 0.21 4.49 7 2.07 0.88 0.047 0.72 < 5 < 0.01 49 73
Cats kill Formation Intraformational 

Conglome rate 84 139 27.62 4.93 14 1.17 6.05 1.241 0.27 36 0.17 397 41

Cats kill Formation S and s tone
 (R e d  Be d ) 4 384 0.25 6.08 < 5 2.50 1.13 0.031 0.79 5 < 0.01 65 80

Cats kill Formation S ilts tone  
(R e d  Be d ) 7 375 0.23 7.12 < 5 3.00 1.14 0.040 0.65 5 < 0.01 71 100

L ock Have n Formation Conglome rate 8 104 0.41 2.28 6 0.29 0.14 0.154 0.10 76 < 0.01 20 15
L ock Have n Formation S hale 24 456 0.44 6.45 < 5 4.05 1.76 0.075 0.71 9 0.17 140 131
L ock Have n Formation Conglome rate 18 155 4.05 10.08 18 0.79 0.46 0.040 0.55 11 0.02 143 69
L ock Have n Formation S hale 6 663 0.24 9.70 7 4.49 1.93 0.052 0.51 6 < 0.01 118 152
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GEOLOGIC MAP OF
SOUTHEAST MCKEAN COUNTY AND NORTHWEST CAMERON COUNTY,

PENNSYLVANIA: SPRINGS STUDY AREA

LEGEND

Rock Units

Folds

Faults

Alle ghe ny Formation
Potts ville  Formation

Cats kill Formation
L ock Have n Formation

W ave rly Group

Pennsylvanian

Mississippian-Devonian

Devonian

!! S pring s ample d  for fie ld  parame te rs .

$ S pring s ample d  for lab parame te rs . 
N umbe r is  PAGW IS  s tation ID (S e e  table  2).

Anticline  location approximate .
S yncline  location approximate .
Anticline  location infe rre d ; e xis te nce  unce rtain.
S yncline  location infe rre d ; e xis te nce  unce rtain.

High-angle  fault location infe rre d ; e xis te nce  unce rtain.
R e ve rs e  fault location infe rre d , block-te e th on uppe r plate .
R e ve rs e  fault location conce ale d  (d oe s  not re ach s urface ); 
block-te e th on uppe r plate .

2055

Photo: S pring 2206 locate d  in the
uppe r Cats kill Formation d uring the
De ce mbe r 2018 wate r s ampling for
lab-quality parame te rs (S e e  table  2).

Location  map  modified from Sevon 2000.

Alkalinity pH (lab) pH (field) Specific 
Conductance (Lab) Sulfate Total Dissolved 

Solids (Lab) Hardness Barium, Total Calcium, Total Calcium Hardness Iron, Total Magnesium, Total Manganese, Total Potassium, Total Sodium, Total Strontium
Station Rock Unit mg/L pH_Units pH_Units umho/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2274 Pottsville ND 5.71 4.79 23 6.3 28 6.8 0.0390 1.3 3.2 0.15 0.88 0.0580 1.20 0.32 0.0130
2251 Pottsville ND 5.87 4.84 30 7.4 38 9.8 0.0210 1.8 4.6 0.23 1.30 0.0140 1.50 0.33 0.0110
2110 Waverly ND 6.14 NA 25 5.5 59 8.1 0.0300 1.4 3.6 ND 1.10 ND 0.68 0.53 0.0086
2275 Waverly ND 6.68 6.43 31 9.1 39 11.3 0.0078 2.6 6.6 ND 1.20 0.0058 0.69 ND 0.0160
2204 Waverly 8 6.88 6.54 34 8.1 35 13.0 0.0120 3.8 9.4 ND 0.89 ND 0.68 0.53 0.0110
2058 Waverly 13 7.01 6.69 41 8.1 46 15.7 0.0063 4.5 11.3 ND 1.10 ND 0.78 0.83 0.0540
2190 Waverly 14 7.05 6.52 39 8.6 52 15.0 0.0069 4.2 10.6 ND 1.10 ND 0.82 0.57 0.0220
2206 Catskill 12 7.00 6.63 50 9.3 27 19.3 ND 5.8 14.5 ND 1.20 ND 0.73 0.93 0.0220
2224 Catskill 6 6.62 6.23 31 7.4 63 10.6 0.0091 2.3 5.8 ND 1.20 ND 0.82 0.78 0.0089
2239 Catskill 12 7.05 6.57 50 9.5 59 18.4 0.0130 4.6 11.6 ND 1.60 ND 0.81 1.40 0.0140
2234 Lock Haven 6 6.79 6.51 36 8.2 43 12.6 ND 2.8 7.0 ND 1.40 ND 0.91 0.85 0.0083
2207 Lock Haven 7 7.00 6.32 38 8.1 45 13.0 ND 2.9 7.2 ND 1.40 ND 0.79 0.84 0.0100

Conclusions
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