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HYDROLOGY OF AQUIFER SYSTEMS 

VARIATIONS IN CHEMICAL CHARACTER OF WATER IN THE 
ENGLISHTOWN FORMATION, NEW JERSEY 

By PAUL R. SEABER 

ABSTRACT 

This investigation describes the variations in the chemical 
character of the water in the Englishtown Formation of Late 
Cretaceous age in the Atlantic Coastal Plain of New Jersey, and 
demonstrates the application of the concept of hydrochemical 
mapping to the study and evaluation of water-bearing materials. 
The Englishtown Formation is an excellent field model because 
extensive data are available concerning the chemistry of the 
ground water, the geology, and the geohydrology of the 
formation. 

The Englishtown Formation crops out as a distinctive 
quartzose-sand unit containing a few clay beds in the inner 
lowland subprovince of the Ooastal Plain of New Jersey. The 
formation strikes N. 45° E. and dips 38 feet per mile southeast
ward. It thins southward and southwestward from a maximum 
thickness of 140 feet at Sandy Hook Bay and wedges out in 
exposure in Gloucester County and in the subsurface in Salem, 
Gloucester, Camden, Burlington, and Ocean Counties. The 
total areal extent of the formation is approximately 2,000 square 
miles. In outcrop in the northeast, the formation is a well
sorted fine- to medium-grained nonfossiliferous quartzose sand ; 
mica, lignite, and kaolinitic clays are the dominant accessory 
minerals. Southward the formation becomes finer grained and 
fossiliferous, and contains a greater number of intercalated clay 
beds. In the southern part of the Coastal Plain, the unit grades 
into undifferentiated fine-grained calcareous, fossiliferous, 
glauconitic, and micaceous materials. A full suite of heavy 
minerals characterizes the formation throughout its extent. 
The outcrop deposits contain kaolinite and varying amounts of 
illite, and the downdip deposits are characterized by mont
morillonite, chlorite, and illite. The Englishtown is the middle 
unit of the M,atawan Group, whose microfauna suggest a Taylor 
(Campanian) age. The Englishtown in outcrop probably rep
resents a deltaic and beach-complex environment of deposition 
and the downdip materials a deeper water neritic environment. 
The dominant source of the sediments was the Appalachian 
Highlands to the north. Possibly an ancestral Hudson River 
dumped sediments into an embayment and a nearly uniform 
lithologic unit was created when the sediments were then re
worked by long-shore currents. 

Water-level observations indicate that recharge to the Eng
lishtown aquifer occurs by leakage from the overlying sedi
ments under a topographically high landmass 5 to 10 miles 
downdip from the outcrop. Unlike most other Atlantic Coastal 
Plain aquifers, the entire outcrop of the Englishtown is a dis
charge area. Prior to withdrawal of ground water, parts of 
the adjacent subsurface materials and the Hudson submarine 
canyon served as discharge areas, but pumping from the English
town aquifer has reversed the gradients. 

Hydrochemical maps, produced by mapping diagnostic aspects 
of ground water resulting from a change in the chemical char
acter of the water, indicate a response of chemical processes 
involving ground water, the lithologic framework, and the pat
tern of ground-water movement in this framework. The geo
graphic distribution of individual ionic concentrations and ionic 
ratios can thereby be related to geologic and hydrologic 
parameters. 

Anion hydrochemical facies are mapped by using the ratio 
of bicarbonate plus carbonate to chloride plus sulfate, in equiva
lents per million. Bicarbonate is the only anion having a wide 
range of concentration. The bicarbonate (HCOa+COa) and the 
bicarbonate-chloride-sulfate (HCOa, Cl+S04) hydrochemical 
facies are predominant in the ground water. The chloride
sulfate (Cl+S04) and chloride-sulfate-bicarbonate (Cl+S04, 
HCOa) facies are present in most of the outcrop area because 
of low concentrations of bicarbonate and not because of large 
amounts of chloride and sulfate in the water. Saline water, 
commonly present at depth in other Coastal Plain aquifers, is 
not present in the Englishtown aquifer. 

Cation hydrochemical facies are mapped by using ratios of 
calcium plus magnesium to sodium plus potassium, in equiva
lents per million. The concentrations of magnesium and po
tassium vary only slightly throughout the aquifer. The cal
cium-magnesium (Ca+Mg) hydrochemical facies results from 
solution of calcareous material in the overlying formations 
and forms a belt corresponding to the topographic and piezo~ 
metric highs. The sodium-potassium (Na+K) facies occurs at 
depth and presumably results from ion exchange with mont
morillonite. The zone separating the calcium-sodium ( Ca+Mg, 
Na+K) hydrochemical facies from the sodium-calcium (Na+K, 
Ca+Mg) facies is an ''ion exchange front" moving slowly at 
an indefinite rate east-southeastward, which is the direction 
of movement of the water within the formation. The present 
alinement and position of the front is governed more by the 
piezometric surface that existed prior to pumping from the 
Englishtown Formation than by the present piezometric sur
face. 

The dissolved-solids content of the ground water, which ranges 
from 14 to 243 parts per million, is greatest in the areas of 
the piezometric highs and. at depth. Vertical movement of 
water into the Englishtown aquifer and movement updip within 
the aquifer produce changes in water temperatures expected 
from the average geothermal gradient of the Coastal Plain. 
Sulfate and iron are higher in concentration and the pH is 
lower in the outcrop area than at depth. Silica varies ir
regularly in concentration and distribution. 

The chemistry of ground water is responsive to the physical 
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B2 HYDROLOGY OF AQUIFER SYSTEMS 

environment and lends support to available geologic and hydro
logic data. A study of the ground-water chemistry may even 
suggest concepts for which additional geologic or hydrologic 
data may not be obtainable by conventional methods of study. 
Hydrochemical mapping is particularly important in evaluating 
an aquifer satisfactorily, but it could be equally useful in 
regional geologic studies concerned with continuity of units or 
mineralogic differences and similarities. 

INTRODUCTION 

PURPOSE AND SCOPE 

This paper describes in detail the variations in the 
chemical character of the water in the Englishtown 
Formation of Late Cretaceous age within the Atlantic 
Coastal Plain of New Jersey. The objective of the 
paper is to demonstrate the application of quality-of
water data to the study and evaluation of water-bearing 
materials. 

Water chemistry should be made a useful part of any 
aquifer. study, perhaps even a basic technique of such 
studies. The areal distribution of the chemical char
acteristics of the ground water within an aquifer must 
be related to some physical factor or factors. This 
study shows (1) that the water chemistry within this 
particular aquifer is related to the lithologic and topo
graphic framework of the Coastal Plain and to the 
pattern of ground-water movement within that frame
work and (2) that the areal distribution of the various 
chemical characteristics can reveal or substantiate simi
larities and differences in the geology and ground-water 
movement within a particular lithologic framework 
that otherwise may be unnoticed. 

The area of investigation lies in the northern part of 
the Atlantic Coastal Plain of New Jersey (fig. 1) and 
comprises large parts of Monmouth, Ocean, Burlington, 
Camden, and Gloucester Counties and minor parts of 
Mercer, Middlesex, and Salem Counties-about 2,000 
square miles. The present extent of aquifer use is an 
area of about 1,100 square miles. An additional 900 
square miles of water-bearing material is not presently 
(1963) utilized as an aquifer; thus, the chemical char
acteristics of the ground water in this area must be 
inferred by extrapolation of the available data. 

The report is limited to only one aquifer within the 
larger hydrologic system of the Atlantic Coastal Plain. 
However, the limitation of the study allows a more de
tailed examination of this aquifer and of the applica
bility of water chemistry to the evaluation of an aquifer. 

PREVIOUS STUDIES 

The geology of the Coastal Plain of New Jersey and 
of the Englishtown Formation has been studied by 
many workers (seep. B9-B13), but no detailed studies 
of the geohydrology of the Englishtown have been made 
previously. Seaber (1960; 1962) has described briefly 

the relation of hydrochemical facies to ground-water 
flow patterns in the formation. 

Results of analyses of water from the Englishtown 
Formation were published in annual reports of the State 
Geologist for the years 1854 to 1917. Thompson (1930) 
discussed the geology and hydrology of the Englishtown 
Formation in the vicinity of Asbury Park and compared 
chemical analyses of ground water from the English
town Formation at Belmar with analyses of ground 
water from the Raritan Formation and from the We
nonah Formation and Mount Laurel Sand at Asbury 
Park. Barksdale and others (1936} discussed the pos
sibility of salt-water encroachment in the Englishtown 
Formation in the vicinity of Atlantic City. However, 
no analyses were given in that report. 

Barksdale and others (1943) discussed the geology 
and hydrology of the Englishtown Formation in 
Middlesex County and the chemical quality of ground 
water from this formation as indicated by the results 
of analyses included in Thompson's (1930} report. 
Barksdale and others (1958) listed results of seven 
analyses of water from the Englishtown Formation and 
briefly discussed the geology, hydrology, and quality 
of the water in five New Jersey counties adjacent to 
the lower Delaware River. A report by Seaber (1963} 
on chloride concentrations of ground water in the New 
Jersey Coastal Plain contains a summary of the water
bearing properties of the geologic formations, a sum
mary of well data, and a list of chloride determinations 
of ground-water samples collected between 1923 and 
1961. 

Reports by Jablonski (1959; 1960) on Monmouth 
County, Rush (1962) on Burlington County, Donski 
(1963} on Camden County, Hardt (1963) on Gloucester 
County, and Vecchioli and Palmer (1963} on Mercer 
County contain well records, logs, chemical analyses, 
and brief discussions of the geology, hydrology, and 
water quality of the Englishtown Formation in these 
counties. 

Back (1960; 1961b) described the hydrochemic~l 
facies in the northern part of the Atlantic Coastal Plain 
and demonstrated broad regional relationships of chem
ical character of ground water, lithology, topography, 
and ground -water flow patterns. 

:METHODS OF INVESTIGATION 

The Englishtown Formation was selected as a suit
able field model because of its ·gross uniform lithology, 
because data are available concerning its clay minerals, 
heavy minerals, fossils, chemical analyses of ground 
water, and water levels, and because wells for obtaining 
additional water samples are strategically located. The 
records of wells sampled and the results of the chemical 
analyses are listed in table 1. The sampling program 
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FIGUBJII 1.-Limit of the Englishtown Formation, present ltmlt of aquifer use, and wells for which chemical analyses are available. 
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TABLE !.-Chemical analyses of ground water from wells tapping the Englishtown Formation 
[Source of analyses, U.S. Geological Survey. Use of water: D, domestic; I, industrial; PS, public supply. Results in parts per million, except as indicated] 
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--o-·Ti4--T-4~oT:n·---~4-- --iia··- -ii8___ ~g ~: ~4 

0 

22 

21 
22 
36 
26 

1.5 

2.0 
.4 

4.8 
1.2 I .1 

• 2 1. ..•••• .1 ••••••• 1 212 I 7. 2 

. 3 -------- ••••••• 212 7. 3 

. 3 •••••••• ------- 211 7. 2 

.1 -------- ------- 214 7. 4 

.4 125 126 205 7.8 

--o···l-i7 ___ 1 __ 3:a·l ::::~·rrrace- --~34··- :::::== --=~~- -~~~= 

0 18 2. 8 I • 5 I •••••••• I •••••••• L ••.•. .I 219 I 7. 4 

td 
~ 

~ 
!;tl 
g 
0 

~ 
~ 

~ 

~ 
!;tl 

I 



Do ____________ _ 

Do-------------Asbury Park. ____ _ 

.-. Do ------------Do ____________ _ 

~ Do-------------

25 _____ do ____________ _ 

25 ••••• d0-------------
31 PS 
3 PS 

PS 26 Asbury Park 
Water Dept. 26 ••••• do _____________ ,________ PS 

Z1 _____ do _____________ ~Layne PS 
1 

Z1 _____ do------------- Layne PS 

23 
23 

20 

566 498-566 8-31-55 61 ------ 1.1 ------ ------ ----- 7.8 105 0 22 1. 5 .o -------- -------- -------, 220 ,7.8 

ggg -~~~~~-- 7-2fg~~ --~~--- ~~---- --~~-- --~~~- -~~--- -~~~- -~~~-~-~~~- ---~~--- --~--- -~~--- ~:~ .:~- :g2 ~: 1~~ --~~~- -~~~-
600 ---------- 11-13-24 ------- 9. 5 1. 7 ------ 26 5. 4 8.3 85 0 25 2. 0 ---- Trace 124 -------~------,-----
637 597-627 8-25-49 ------- ------ 2. 0 ------ ------ ----- _____ ,_____ 95 ------ 12 1. 2 ---- • 3 -------- ------- 193 7.1 

20 I 637 I 597-627 7-24-57 I 65 113 1.6 .01 I 24 5.112.815.8 0 .5 120 114 I Bradley Beach ____ _ 28 I Monmouth Con
solidated Water 
Co. 

1 
20 PS 20 605 I 57Q-600 8-28-50 65 • 6 ·------·------·-----·-----· -----

91 

94 

17 

25 

.61 .1 

1.2 0 

188,6.2 

189 7. 7 

I Do.----------- 28 , _____ do-------------

Belmar·-----------~ 291 Belmar Water Dept. Do_____________ 29 _____ do ____________ _ 
Do_____________ 2 29 _____ do ____________ _ 
Do_____________ 30 _____ do ____________ _ 

Do_____________ 31 
Do_____________ 32 
Do_____________ 32 
Do_____________ 33 
Do_____________ 34 
Do_____________ 34 
Do_____________ 34 
Do_____________ 34 
Do_____________ 2 34 
Do_____________ 35 
Do_____________ 36 

Spring Lake 37 
Heights. 

Do_____________ 2 37 
Spring Lake....... 38 

Do_____________ 38 
Do_____________ 2 38 
Do_____________ 39 
Do_____________ 40 

Sea Girt___________ 41 

Do_____________ 42 
Do_____________ 42 
Do_____________ 2 42 

Sea Girt, National 43 
Guard Camp. 

Brielle_____________ 44 

Do_____________ 44 
Do_____________ 2 44 

Ocean County 

-----do ____________ _ 
_____ do----- _______ • 
_____ do ____________ _ 
_____ do .. _------- __ _ 
_____ do ____________ _ 
----_do.---- _______ _ 
----_do----- _______ _ 
_____ do----- _____ • __ 
_____ do ___ ----- __ ---
-- ___ do ____________ _ 
_____ dO---------- __ • 
Spring Lake 

Heights Water 
Dept. _____ do ____________ _ 

Spring Lake Boro 
Water Dept. 

----_do ___ ----------
-----do. __ -------_ •• 
----_do------------_ ____ .do ____________ _ 

Sea Girt Water 
Dept. _ ·-__ do ______ --- ___ _ 

_____ do. _____ ----- __ 
___ ._do __________ •• _ 
N.J. National 

Guard. 
Brielle Water 

Dept. 
_____ do ______ -------
---._do---_------. __ 

New Egypt________ 45 New Egypt 
Water Co. 

Lakewood_________ 46 Lakeshore 
Laundry. 

Do_____________ 47 Lakewood Water 
Co. 

20 PS 

11 PS 

11 PS 
11 PS 
1 PS 

3 PS 
7 PS 
7 PS 
8 PS 
9 PS 
9 PS 
9 PS 
9 PS 
9 PS 

10 PS 
12 PS 
2 PS 

2 PS 
1 PS 

1 PS 
1 PS 
2 PS 
3 PS 
3 PS 

4 PS 
4 PS 
4 PS 
1 PS 

2 PS 

2 PS 
2 PS 

PS 

PS 

2 IPS 

20 I 605 I 57Q-600 

15 679 I 601-671 

15 679 601-671 
601-671 15 679 

20 50Q-
600 

20 518 
20 648 
20 648 
20 640 
20 545 
20 545 
20 545 
20 545 
20 545 
20 581 "563:594"" 

66o-711 
20 594 
60 713 

60 
15 

15 
15 
15 
20 
20 

20 
20 
20 

713 66Q-711 
722 631-711 

722 631-711 
722 631-711 
707 64Q-700 
707 64Q-700 
760 73Q-760 

715 685-715 
715 685-715 
715 685-715 
745 

33 I 755 I 69Q-750 

33 
33 

75 

50 

85 

755 I 69Q-75o 
755 69Q-750 

239 I 214-238 

612 I 596-612 

625 I 575-625 

g~~~=~===:::::: --
2

-~~- :::::~~::::::::::::=1------~-1-:~-1--~~-1--~~~-1-~~~~~--
Do _____________ ------ -------------------- -------- _____ ----- ------ ----------

Point Pleasant_____ 48 Point Pleasant 1 PS 10 825 77Q-825 
Water Dept. Do_____________ 48 _____ do ___________ _ 

Do____________ '48 _____ do ___________ _ 
Do____________ 49 _____ do ___________ _ 

Bay Head.--------- 50 Ocean County 
Water Co. 

Do._---------- 51 _____ do. __ ---------
Do __ ---------- 52 _____ do. __ ---------
Do ___ --------- 2 52 _____ do. __ ---------

Mantoloking_----- 53 _____ do. __ ---------

Do __ ----------~ 54, _____ do. __ ---------
Do ___ --------- 54 _____ do. __ ---------Do____________ 2 54 _____ do ___________ _ 

!See footnotes at end of table. 

11 PS 1 PS 
3 PS 
4 PS 

51 PS 6 PS 
6 PS 
5 PS 

61 PS 6 PS 
6 PS 

10 
10 
10 
10 

825 
825 
805 
825 

10 I 834 10 818 
10 818 
10 1207 

10 11052 
10 1052 
10 1052 

77Q-825 
77Q-825 
748-798 

775-832 
778-818 
778-818 
749-837 
87Q-980 
844-906 
844-906 
844-906 

7-24-57 I 64 110 .94 I .oo I 27 4.3 I 2.0 I 5.6 92 

96 8-28-50 

7-24-57 
7-18-61 
8-28-50 

4- 6-51 
11-13-24 
4- 6-51 
8-28-50 
4-21-49 
8-25-49 
8-28-50 
7-24-57 
7-18-61 
8-28-50 
8-28-50 
3- 1-57 

7-18-61 
4-14-49 

7.1 1.9 .01 I 24 4.111.115.2 91 

67 

66 
66.6 ______ , ______ , ______ , ______ , _____ , _____ , _____ , 106 

64. 51 ______ 1 0. 6~------~------~-----~-----·--------~--- 9. 1 • 69 ------ 25 5. 7 7. 3 
------- • 8 ------ ------ ------ ----- ----- -----

66 ------ ------ ------ ------ ----- ----- -----
------- ------ 2. 4 ------ ------ ----- _____ , ____ _ 

104 

96 
99 
95 
96 

125 
------- ------ ------ ------ ------ ----- ----- ----- 94 
------- ------ 3. 0 ------ ------ ----- ----- ----- 94 

65 12 • 68 • 07 26 4. 1 2. 1 4. 9 94 
66. 3 ------ ------ ------ ------ ----- ----- ----- 104 
64 ------ ------ ------ ------ ----- ----- ----- 100 
65 ------ ------ ------ ------ ----- ----- ----- 94 
62 12 • 47 • 08 22 4. 5 2. 8 4. 8 96 

66.3 108 
100 

3- 1-57!60 

1

14 

1

• 46

1

• 09!22 

1

5. 1 

1

3. 2

1

6. 0 

1

100 
7-18-61 66. 2 ------ ------ ------ ------ ----- ----- ----- 106 
4-14-49 ------- ------ ------ ------ ------ ----- ----- ----- 104 
8-29-50 67 ------ ------ ------ ------ ----- ----- ----- 96 
8-30-49 ------- ------ ------ ------ ------ ----- ----- ----- 140 

8-2Q-50 
3- 1-57 
7-18-61 
9- 2-49 

67 
66 
63.6 

i4·---,--:45·1·-~oo-r22 ___ n:2·1·a:7·1-ii:a· 104 
102 
112 
108 

0 21 

16 

.91 .3 

1.0 

.6 

0.1 

113 117 191 ,7.3 

180 7. 5 

--~---L~~---1---:~-1-~~-1----~~--1--~~~---1-~~~---1 ~~~ I ~ ~4 
8 • 9 ---- • 1 -------- ------- 192 7. 8 

0 
18 
12 
26 
11 
14 
8 

1.2 
ao 
1.4 
1.2 
&2 
1.1 
1.1 

• 2 -------- ------- 192 7. 9 
Trace 109 ------- ------ -----
1. 7 -------- ------- 181 7. 8 
• 1 -------- ------- 183 7. 7 
• 6 -------- ------- 239 7. 4 
• 2 -------- ------- 182 7. 1 
• 1 -------- ------- 180 7. 3 

------·------,------,----,----:: __ --~~~--- -~~~--- ~~~ ~: ~ 7 1. 5 ---- . 9 -------- ------- 209 7. 6 
16 1. 1 ---- 0 -------- ------- 182 7. 2 

o I 7. 3 1. 4 .1 • 5 102 103 174 8.1 

--o·--1 ~~ .9 -~i-

------,------,------,----,--------,--------,------------- 6 1. 1 ---- • 4 -------- -------

0 8. 1 1. 2 . 1 • 5 114 108 

------·--7---,--i:4-,:::: ,----:6·-,:::::::: ~=:::::: 
9 1. 2 ---- 0 --------
2 2. 2 ---- • 9 -------- ·-------

184 7. 79 
176 7. 3 

178 8.1 
180 7.88 
187 7. 2 
175 7. 4 
233 7. 3 

------1 6 11. 21 ____ 1 0 ~--------~-------118917. 5 
--~--- --~:~- --~:~- .:~- ____ :~-- --~~~--- -~~~--- ~~ ~: ~2 

4 1. 5 ---- • 4 -------- ------- 193 7. 5 

4- 2-51 I 60 '------1 1.8 '------1------1-----1-----1-----1 107 '------1 26 1. 5 ·---- • 6 L------- '-------1 189 I 7. 9 
3- 1-57 
7-18-61 ~~. 4 1~~----L::~J.:~~J~--- I.~::_ I.~:~- L~:~.l ~~ 

3-13-57155 113 
1Q- 9-57 63 12 

3-13-57 61 12 

• 561.14130 
.28 .05 23 

.22 .10 20 

1.812.31&3 
~5 2.3 ~9 

~4 &1 ~2 

97 

96 

97 

0 7.3 I 1.2 I .1 

1. 0 I 7. 5I 3. 3

1

. 1 
0 8.4 1.7 .4 

0 5.8 1.8 .2 

.9 

.1 

.4 

.4 

109 

110 

122 

120 

112 

82 

105 

106 

18817.8 
202 8. 03 

g11&3 
U2 ~6 

U7 &2 

7-19-61 61.8 ------ ------ ------ ------ ----- ----- ----- 106 ------ ------ ------ ---- -------- -------- ------- 167 8. 01 
1899 ------- ------ ------ ------ ------ ----- ----- ----- -------- ------ ------ 3. 9 ---- • 1 119. 8 80. 5 ------ -----
1899 ------- ------ ------ ------ ------ ----- ----- ----- -------- ------ ------ 4. 9 ---- • 1 108. 6 90. 5 ------ -----

5- 2-46 ------- ------ ------ ------ ------ ----- ----- ----- 112 ------ 6 1.1 . 2 • 2 -------- ------- ------ 7. 7 

3-13-57 64 17 1. 0 • 14 20 5. 5 24 11 148 0 6 1. 6 • 2 1 163 159 248 7. 8 
7-19-61 66.7 ------ ------ ------ ------ ----- ----- ----- 146 2 ------ ------ ---- -------- -------- ------- 235 8. 31 
5-21-47 ------- ------ 3. 09 ------ ------ ----- ----- ----- 114 ------ 7 1. 4 .1 .1 -------- ------- ------ 7. 7 
5- 2-46 ------- ------ ------ ------ ------ ----- ----- ----- 118 ------ 11 1.1 . 4 1. 4 -------- ------- ------ -----

t~=B~ ~--69---~i2----~--:20-~--:io-~-i7"--~-5:s·li2---~ii---~ ~~ 
7-19-61 68.0 ------ ------ ------ ------ ----- ----- ----- 122 
9- 3-46 ------- ------ ------ ------ ------ ----- ----- ----- 141 
9- 1-55 
7-24-57 
7-19-61 

69 , ______ , .39, ______ , ______ , _____ 1 39 1140 

~.1 -~~~-- --~~- __ :~. -~~--- -~~:- ~~---~~~--- ~~~ 

11 11. 51 ____ 1 1. 1 ~--------~-------1 280 17.4 
--~-__1--~~~- --~~~- -~~- ---~~~-- --~~--- -~::___ ~ ~: ~2 

11 1. 6 ---- • 6 -------- ------- ------ -----

0 
0 
6 

1
:.81 ~: ~ 1-:2-1 1: ~ l""i46--Ti47 __ _ 250 ,7. 7 

239 7. 0 
244 8.33 

~ 
~ 
~ 

~ 
> 
~ 
1::.".1 
pj 

0 
l:zj 

~ 
~ 
J:' 
t;J 

~ 
~ 
~ 
l:zj 
0 
pj 

~ 
1-4 
0 ..z 
z 
1::.".1 

~ 
1:.-t 
1::.".1 
!;l:l 
171 
1::.".1 

~ 

td 
Q1 



TABLE 1.-Chemical analyBeB of ground water from wells tapping the EngliBhtown Formation-Continued 

i Dissolved solids 6 
~ $0 
as z- 5 • a~ 

~ 1& Z' .m s:l ~ ,..... bil 0 ~ 8.o .a~ 
<DZ' J ......- 3 ~ Q; E ~ ,..... ~ o ,..... ~2::. 8 rtl 

Location Owner ::= 1; $ ...... bl) ~ r:r.. e -;;- ......- ........ ~ ......- o ........ ~ .. Q)~ 'd.a 
!:t ..C""' ..c:l .El .Sl e ~ ._. 0 a as '-' .s ....., o'"' 0 ~ 0 .... s:l d ~ 

~ 
~ 

.os as'-' 13. ~ 8 E g s:l m ...... s e ~ a .s ro ...... ....., e ~~ g § 
~ .§ .§ m .... i e _g 1 ~ til ~ _ o a ._. .§ .§ .s ~ g u.~ 

~ 
"' 

------'---1 I 1---1 ~ I ~ _L ! ~ ~ ~ ~ ~ ! ~ I i ~ j ~ I ~ ~~ l lg I_!_ } 
0 

Ocean Oountu-con. 

Lavallette •• _------

Do. __ --------
Do ••• --------
Do •• _--------
Do ••• --------
Do._----------Do ___________ _ 

Burlington Oountu 

55 Lavallette Water 
Dept. 

55 •.•.• do._--------·-
56 ••••. do •• ----------
56 ••••• do._----------

2 56 ••••• do ___________ _ 
57 ••••• do ••• ---------

2 57 ••••• do.-----------

PS 

1 PS 
2 PS 
2 PS 
2 PS 
3 PS 
3 PS 

10 I 1121 11-21-25 '-------' 15 0. 07 1------1 7 4.1 i3 192 

10 1121 ---------- 9-18-45 ------- ------ a • 05 ------ ------ ----- ----- ----- 213 
10 1136 ---------- 9-18-45 ------- ------ ------ ------ ------ ----- ----- ----- 214 
10 1136 ---------- 3-13-57 70 12 .19 . 06 5. 8 . 6 67 9. 0 199 
10 1136 ---------- 7-19-61 69.9 ------ ------ ------ ------ ----- ----- ----- 234 
10 1180 1120-1180 8-29-49 ------- ------ ------ ------ ------ ----- ----- ----- 221 
10 1180 1120-1180 7-19-61 71.2 ------ ------ ------ ------ ----- ----- ----- 226 

Wrightstown •••••• ~ 581 Hanover Water PSI 120 312 

312 
359 

5-28-51 55 21 .64 .12 I 37 1.8 I 2.0 I 3.3 121 
Co. 

ForfJ3ii,-:Bi-iiidie--
2 ~ ·u~s~lrillY.~~:::::J-----;d ~~ 1 1~ 

Lake. 
Fellowship _________ , 60 

Do ___ --------- 2 60 
Lumberton.------- 61 

Springville _________ ~ 62 
Do____________ 2 62 

Medford.__________ 63 
Do____________ 2 63 

Marlton___________ 64 

Ralph Vosaturo ___ -------- D _____ do ____________ -------- D 
Electronic Parts -------- I 

sa~rg~J!lm~~---- ________ D 
••••. do. __ --------- -------- D 
Lester Jones _______ -------- D 

-----do ____________ -------- D 
Marlton Water 1 PS 

70 
70 
30 

40 
40 
41 
41 

7-12-61 I 54.1 l------l------l------l------l-----l-----1-----l 138 
6- 5-51 ------- 11 • 39 ------ 24 5. 0 2. 5 96 

n~ I ~~~: 1 1~~tgr II ~-O l-~~---l--~~-l--~~~-l-~~---1-~~~-l-~~~-1-~-~-l ~~ 121 101-121 1G- 9-57 I 55 20 11 , 20 5. 9 1. 0 1. 6 1. 8 14 

105 
105 
159 
159 
260 

g~~g~ 1
1

~~~i II~. 6 ~-~~---~--~~~-~--~~~-~-~~---l-~~~-1-~~~-l-~~~-1 g~ 148-159 1o- 9-57 59 31 9; 8 • 11 19 1. 1 1. 6 4. 3 47 
148-159 7-12-61 57.2 ------ ------ ------ ------ ----- ----- ----- 70 

3-22-51 56 27 • 45 • 10 43 . 4. 0 2. 2 5. 7 149 

9.6 I 21 4 Trace 210 

2 3. 8 0. 2 o. 0 -------- ------- ----~- 8. 0 ------1 3 2. 0 . 2 1. 2 -------- ------- ------ -----

: --~:~- --~:~- -~~- ----~:~- --~~~--- -.~~--~ :~~ ~J8 
------ 4 3. 2 ---- 1. 6 -------- ---~--- 355 7. 8 
10 ------ ------ ---- -------- -------- ---~--- 352 8. 48 

0 8.2 2.5 I .1 .2 139 135 214 I 8.0 

··o·--,--a~s-l--i~9-l-~2-l-----~s-l--io2·--,--96 ___ , ~ I ~: 82 

··a-·Tio---,--2~a·l-~7-,-----~4-,---oo·--,--si·--, ~~ I ~: ~5 0 146 3.5 .2 141 2.61 .4 

------ ------ ------ ---- -------- -------- ------- 218 7. 68 0 17.712.41.41 .011391128120517.3 

--~--- -~--- --~~~- .:~- -----~~- --~~~--- -~~~--- ~~ t g2 
0 7.0 2.6 .4 .3 166 166 251 8.2 

smd~~e:::~::::: ---65- -H~B~s:riiitii"Ma:- :::::::: -r-·· --4o- --112· --100:112-
Do.-----------~ 164~---~~o.- ---------- 1 PS ~-----~ 260 ~---------- 7-12-61 

1899 
6- 4-51 

56. 9, ______ , ______ , ______ , ______ , _____ , _____ , _____ , 164 , ______ , ______ , ______ , ____ , ________ ,---~----,-------~ 265,8. 02 

--6i ___ ·21--- ·a~o-- --.-oo- -20--- -1:6- ·1:s· ·4:3'" ---67 ___ ··a··- ·T2- ~: ~ o~2- : ~ ~· 8 1~:· 8 --134- ·1:4· 
chine Co. PS 

Do_____________ 2 65 .•••• dO-------~----- -------- I 40 112 106-112 
PS Pemberton _______ _ 66 !Pemberton Water 

Dept. 
PS I 75 I 300 I 29o-300 

Do-------------1 t 66 
Do ------------ 67 

Do __ ---------
Do __ ----------Do ____________ _ 

Do_-----------
Fort Dix, Rifle 

2 67 
68 
68 

168 
69 

••••. do __ ----------
Burlington 

County Insti
tutions. 

..••• do __ ---------
_____ do_----------
_____ do __ ---------
_____ do_-----------
U.S. Army--------

11 PS 
2 PS 

75 
60 

2 PS 60 
1 PS 75 
1 PS 75 
1 PS 75 
1 PS 100 

Range. · 
Do.----------- 70 J _____ do. _ ---------- 2 PS 100 

Camden Oountu 
Bellmawr---------- 71 
Blenheim__________ 72 

Do.--·-------- 73 
Do_---------~- 2 73 

Laurel Springs_____ 74 
Do____________ 2 74 

Haddonfield_______ 75 
Do_----------- 2 75 

Marlton___________ 76 
Do.----------- 2 76 

Clementon________ 77 

Do. -----------1 2 77 
Gloucuter Oountu 

Salvatore Passero_ -------- D 40 
Arthur Jones ______ -------- D 70 
Ellen Gesswin ____ -------- D 70 

_____ do_----------- -------- D 70 
Joseph Eckels _____ -------- D 85 

••••. do_----------- -------- D 85 
A. B. Ross ________ -------- D 100 

•...• do_----------- -------- D 100 
Harold Snyder •••• -------- D 127 

••••. do ____________ -------- D 127 
Clementon Water -------- PS 130 

Dept. 
.do.------·---- -------- PS 130 

Swedesboro ________ , 781 N.J. Turnpike ~--------~ PB 

Do.----------- t 78 ---~m,~~r!~=~------ -------- PB 

80 

80. 

300 
300 

290-300 

~gg ,--357=-392-
392 357-392 
392 357-392 
457 

525 

32 
185 
180 
180 
183 
183 
135 
135 
215 
215 
457 

457 

83 

83 

25-30 
179-185 
17G-180 
17G-180 
173-183 
173-183 
125-13f 
125-135 

None 
None 
367-457 

367-457 

69-83 

69-83 

7-12-61 

5-28-51 

7-12-61 
8- 8-51 

7-13-61 
4-23-56 
8- 8-51 
7-13-61 
6- 5-51 

6- 5-51 

to-to-51 
10-1G-57 
1G-1G-57 
7-19-61 

1G-11-57 
7-11-61 

1G-1G-57 
7-11-61 

1G-1G-57 
7-11-61 
3-27-57 

7-11-61 

54.1 

56 16 • 35 1---~--1 44 3.0 I 2.2 I 4.3 

~ 9 l·ir--l--~3o·l·-~oolu···n~s-n~4Tr6· 

72 

153 

160 
114 

:~· 7 1 --9~7-~--~24-~--~oi_I_27 __ I_4~6-I-2~7- 1 T4-I u~ 
59. 5 12 • 18 . 00 24 7. 2 4. 0 8. 4 118 
57. 9 ------ ------ ------ ----- ----- ----- ----- 126 

12 . 32 ------ 24 4. 9 5. 2 99 

166 
189 
160 

62.2 
I 59 

56.9 
159 

57.9 
161 

61.3 
59 

61.0 

11 .44 

ao~·~3 w .% 
" .26 

20 7.0 8.4 

.08, 5.1,4.6,4.8,1.8 

.02 25 2.6 1.5 3.1 

.06 25 ~3 1.3 3.0 

·is··- --~59- --~o3- _25 ___ ·26- T3- Tr 
·is··- Ts·· --~o7- --i~6- T5- -i~3- ·24· 
-is ___ --~33· --~o3- ·25··· T5- T6- ·a~6-

-i2 ___ T7-- --~08- ·24··· "4:4- -2~7- Tr 

114 

4 
86 
83 
90 
83 
96 
6 

22 
90 

102 
94 

96 

5-28-5711 66 

7-10-61 57.1 

25 3.3 .18 I 4. 2 I ~ o I 1. 0 I ~ 9 13 

24 

0 5.0 3.4 I .1 .3 156 153 

14517.12 

253 7.8 

··a··-r-rs·l--2~9-l-~o·l··---~s-l--iis-··n20·--, ng I ~ g2 

~~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!~~~~~~!~~~~I 1:41 ~ i~ 
0 8. 0 1. 0 • 0 • 5 107 105 182 7. 3 

0 

0 
0 
0 

.5 1. 5 I .1 

25 110 ,.2 
7.3 1. 9 .4 

11 2.0 .3 

.9 108 

8.6, 70 
0 106 
0 107 

105 

68 
100 
103 

··a··- -io ___ --2~o- -~r --··a··- --ior·· ·io2·--
__ o ___ ··a-9· --2~5- -~3- --··a··- ___ « ___ ··3r·· 
__ o ___ ·Tr ··2r -~r -----~r --ios·-- ·io4--
··a··- --9~r ·Ts- -~2- -----~r -·iia··- ·ios··-

0 9.411.81.3 .3 45 53 

192 I 7. 5 

122 5. 5 
154 7. 9 
151 7. 9 
158 8.02 
157 7.3. 
180 8.10 
35 5.8 
67 8.10 

162 7. 5 
185 8.18 
170 8.1 

183 8.02 

56.,5.9 

80 6.65 

~· 

I 
~ 
~ 

I 
~ 

m 

I 



SewelL------------ 79 Marion James -------- D 102 
Thompson. 

Do __ • --------- 179 _____ do.----------- -------- D 102 
Blackwood 80 Robert A. Greer .. -------- D 44 

Terrace. 
Do._---------- 180 _____ do.----------- -------- D 44 

Barnsboro. -·------- 81 Francis Yabrling __ -------- D 80 
Do __ ---------- 181 _____ do.----------- -------- D 80 

So.lem Countu 

Woodstown ________ , 821 Harris Sales Co •• -l--------1 PS I 40 I 
DO------------ 182 ••••• do.-·--------- -------- PS 40 

1 Tank sample; temperature unreliable. 
IField analysis. · 
• In solution at time of analysis. 

107 

107 
132 

132 
160 
160 

1241 
124 

83-107 5-28-57 159 52 1.6 .09 17 LO 2.0 3.4 50 0 11 2.6 I .2 .3 I 91 114 117 6.6 

83-107 7-19-61 57.2 ------ ------ ------ ------ ----- ----- ----- 60 
120-132 5-29-57 156 11 2.0 .10 34 2.9 2.6 4.6 120 ··a··-r-o~o·l--2~r r~a-r----~i-l--i26 ___ n26·-- 130 7.41 

212 6.6 

120-132 7-11-61 55.1 ------ ------ ------ ------ ----- ----- --- 132 
134-160 5-28-57 58 28 .54 .01 51 6.5 2.0 5.1 187 
134-160 7-11-61 61.7 ------ ------ ------ ------ ----- ----- ----- 186 

··a··-nr··r·4~rr~a-l··---~4·r·233·--r20r--
235 8.00 
320 7.2 
320 7.69 
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was begun in February 1957 and completed in July 
1961. The locations of wells sampled are shown in 
figure 1. 

The areal distribution of individual water-quality 
constituents and the ionic ratios are plotted on maps 
and contoured. These water-quality maps are com
pared with the topography, lithology, thickness, and 
structure of the formation and with generalized ground
water flow patterns. Various water characteristics can 
then be related to various aspects of the geology and 
geohydrology, and many conditions of possible hydro
logic and geologic significance are thus revealed by the 
water-quality mapping. 

The chemical constituents mapped for this study were 
chosen because they were responsive to the particular 
physical environment of the Coastal Plain of New J er
sey. However, only those chemical characteristics of 
water normally determined in a routine analysis were 
used in the mapping. Thus, many analyses now avail
able for other aquifers could be used for similar studies. 

METHODS OF ANALYSIS 

All analytical determinations reported in this inves
tigation were made by the Quality of Water Branch 
according to the standards of the U.S. Geological Sur
vey. Analyses prior to March 1955 were made in the 
Washington, D.C., laboratory and subsequent analyses 
were made in the Philadelphia, Pa., laboratory. 

Standard methods for the determination of individ
ual chemical and physical properties of water were 
described by Rainwater and Thatcher (1960). In most 
determinations, standard analytical procedures were 
used and these results agree closely with analyses ob
tained from other sources. An analysis is considered 
to be complete if all the major constituents of the water 
have been determined. Results of all complete analyses 
used in this report balance within 3 percent; that is, 
the total equivalents per million ( epm) of cations agree 
with the total equivalents per million of anions to within 
3 percent. The 3-percent accuracy insures that there 
is no significant amount of any constituent in ionic form 
in the water other than those reported, and also gives 
a fairly reliable check on the amounts of determined 
constituents present. 

EXPRESSION OF RESULTS OF ANALYSES 

The results of the analyses are reported in parts per 
million (ppm) for all constituents. Specific conduct
ance is reported in reciprocal micro-ohms (micromhos) 
and pH is reported in standard pH units. Temperature 
is reported on the Fahrenheit scale. Temperature, bi
carbonate, carbonate, and pH were measured in the 
field, and because the field measurements are more rep
resentative of conditions in the aquifer than are the 

laboratory results (Roberson and others, 1963, p. C214-
C215), they were used in the preparation and interpreta~ 
tion of the maps. 

Although the chemical analysis of a ground-water 
sample merely shows the weights of the constituents 
in parts per million, the water may be treated as a chem
ical system of dissolved salts. The constituents in solu
tion are in the form of ions, which carry positive or 
negative charges. The reported positive ions (cations) 
are calcium, magnesium, sodium, and potassium. The 
reported negative ions (anions) are carbonate, bicarbo
nate, sulfate, chloride, fluoride, and nitrate. Iron, man
ganese, and silica are considered to be present mainly 
in the colloidal state as oxides, though they may be 
partly in the ionic state. 

In order to show the results of the analysis in a form 
in which the reacting capacities of the ions can be read
ily compared, parts per million are converted to equiva
lents per million. This is done either by dividing the 
weight of the substance, in parts per million, by the 
equivalent, or combining weight, of the ion or by multi
plying the parts per million by the reacting weight, 
which is the reciprocal of the combining weight. Thus, 
the sum of the reacting values for the cations is approxi
mately equal to the sum of the reacting values for the 
anions, if the analysis has been made carefully. This 
further refinement in units of expression may be de
sirable to help describe the composition of the water and 
the relationships among the ions in solution. 
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GEOLOGY 

REGIONAL SETTING 

The Englishtown Formation occurs in the New J er
sey part of the Atlantic Coastal Plain province. This 
area is largely a region of low relief, consisting of 
broad plains and gently sloping rounded hills and 
ridges. The Coastal Plain of New Jersey has been 
divided by Owens and Minard ( 1960, p. 1) into three 
physiographic subprovinces: an outer lowland where 
the elevation rarely exceeds 50 feet above sea level, a 
broad inner upland where the elevation ranges from 
50 to nearly 400 feet, and a narrow inner lowland where 
the elevation ranges from 50 to 100 feet. 

The formations exposed in the Atlantic Coastal Plain 
in New Jersey are of Late Cretaceous, Tertiary, and 
Quaternary ages (table 3). The sediments are mostly 
unconsolidated deposits of gravel, sand, silt, and clay. 
Most of the gravel occurs in the Quaternary deposits, 
but fine gravel is associated with quartz sand of the 
Cretaceous and Tertiary. 

The Cretaceous and Tertiary deposits form a wedge
shaped prism that lies unconformably upon the Precam
brian, Paleozoic, and Triassic rocks of the Piedmont 
province. (See fig. 2, p. B14.) In their outcrop area, 
the Cretaceous and Tertiary formations total approxi
mately 500 to 800 feet in thickness. Their thickness 
increases downdip, or southeastward, and is shown 
on the tectonic map of the United States (U.S. Geol. 
Survey, 1961) as being about 10,000 feet at the extreme 
tip of southern New Jersey. The sediments extend east
ward into a geosyncline having a total thickness in ex
cess of 15,000 feet about 50 to 60 miles east of New 
Jersey. Farther eastward, toward the edge of the Con
tinental Shelf, they thin considerably. Deposits of 
Quaternary age are present over large areas of the 
Coastal Plain and overlie all the older formations of 
the area. They vary greatly in thickness and extent. 

Many workers have differentiated and classified the 
sediments of the Atlantic Coastal Plain in New Jersey. 
The first comprehensive differentiation was made by 

Rogers {1836; 1840). J. P. Owens and J. P. Minard 
have done the latest detailed mapping of the Coastal 
Plain sediments. They have prepared summary tables 
which differentiate and correlate the sediments accord
ing to various workers on Coastal Plain stratigraphy of 
New Jersey (Owens and Minard, 1960, p. 11-14). No 
major change, except for refinement of various units 
within the sequence, has been made since the work of 
Weller (1907, p. 25) on the pre-Miocene stratigraphic 
sequence and the work of Salisbury and Knapp (1917) 
on the Quaternary formations. However, Owens and 
Mina:rd have added considerable insight into the char
acter, distribution, and thickness of the Coastal Plain 
sediments. 

The sediments in the Coastal Plain province have 
been divided into 22 mappable units, ranging in age 
from Late Cretaceous to Recent. Beds of Early Cre
taceous age (Richards, 1945, p. 894-895) and Late 
Eocene age (Richards, 1956, p. 84) have been reported 
in the subsurface along the coast; these beds do not crop 
out in the State. 

The Upper Cretaceous formations strike approxi
mately N. 40°-50° E. and dip gently from 33 to 100 feet 
per mile southeastward. The strikes and dips of each 
formation are remarkably uniform, and minor varia
tions are due to slight unconformities. The Tertiary 
formations strike approximately N. 50.o-7oo E. and dip 
10 to 45 feet per mile southward (Owens and Minard, 
1960, p. 5). For the most part, the Quaternary forma
tions consist of flat-lying beds. 

The entire Coastal Plain sequence reflects several 
transgressions and regressions of the sea during the 
period of deposition. The sediments were deposited 
under fairly stable shelf conditions and were laid down 
in continental, transitional, and marine environments. 
The materials that make up these sediments were de
rived for the most part from highlands north and weslt 
of the present Fall Line. In general, the coarsest 
grained sands occur in the outcrop parts of the Coastal 
Plain formations and represent continental, transitional, 
and shallow-water or near-shore depositional environ
ments. Southeastward toward the Atlantic Coast, the 
Cretaceous and Tertiary continental and near-shore 
deposits grade into off-shore marine deposits. The 
deeper water marine deposits are composed mainly of 
calcareous clay, silt, and glauconitic sand (Se-aber and 
Vecchioli, 1963, p. B102-B105). Quartzose sand de
creases and glauconitic sand increases in abundance sea
ward. The units are generally thicker seaward and the 
increase in thickness is accompanied by an increase in 
the number of beds present. 

Weller {1907, p. 180-183) noted that two major 
faunal assemblages coexisted during the deposition of 
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these beds, and he interpreted this fact as reflecting 
the depths of water in which the sediments accumulated. 
The forms representing deeper water deposits he desig
nated the Oucullaea suite, and the forms indicating 
shallow-water or near-shore conditions he designated 
the Lucina suite. Many of the fossils in the outcrop 
show evidence of replacement of the original calcareous 
material by iron oxide. 

Groot and Glass (1960} used heavy minerals and 
clay minerals as indicators of environments of deposi
tion in the Atlantic Coastal Plain of New Jersey. They 
stated that a full suite of heavy minerals consisting of 
a great variety of igneous and metamorphic minerals 
accompanied by the clay minerals illite and montmoril
lonite is characteristic of the deeper water marine 
deposits. They also believed that the continental de
posits are characterized by a limited or restricted min
eral suite of a few stable heavy minerals accompanied 
by kaolinite and varying amounts of illite. The tran
sitional sediments contain kaolinite, illite, chloritic 
material, and in places some montmorillonite having a 
varying heavy-mineral content. Owens and others 
(1961, p. C317-C319} believed that the clay-sized par
ticles of the Coastal Plain sediments are particularly 
sensitive indicators of depositional environment, but 
regarded the differences in mineralogy as the result of 
a change with time in the type of sediment supplied 
from the source area. 

GEOLOGY OF THE ENGLISHTOWN FORMATION 

OCCURRENCE AND TYPE LOCALITY 

The Englishtown Formation, of Late Cretaceous age, 
crops out as a distinctive unit of quartzose sand in the 
inner lowland subprovince of the Coastal Plain of New 
Jersey; it forms a narrow belt extending southwestward 
from Sandy Hook Bay to Gloucester County and is 
typically a sandy well-drained upland area of low re
lief. The underlying Woodbury Clay generally forms 
a broad, poorly drained level area and steep cuesta 
slope where it is adjacent to the Englishtown outcrop 
area. The overlying Marshalltown Formation gen
erally underlies poorly drained meadow areas. 

The Englishtown is the middle formation of the Mat
awan Group, which includes in ascending order the 
Merchantville Formation, Woodbury Clay, English
town Formation, Marshalltown Formation, and Weno
nah Formation. The Woodbury, Englishtown, and 
Marshalltown are not recognized as distinct units of 
the Matawan Group in Delaware, and farther south in 
Maryland the Matawan is mapped as a formation. 

The Englishtown Formation corresponds to a part 
of the deposits gr-ouped as the laminated sands of the 
clay marl series by- Cook (1868) and as the Hazlet 

sands by Clark (1898). The formation was termed 
Columbus bed by Knapp (Salisbury, 1899} and Colum
bus Sand by Kiimmel and Knapp ( 1904, p. 156). The 
Columbus Sand was named for an occurrence at Colum
bus, Burlington County. However, the term Columbus 
was found to be preoccupied by a Devonian formation 
in Ohio, and the unit was renamed Englishtown Sand 
by Kiimmel (1908, p. 17, footnote). The Englishtown 
Sand was thus named because the unit is well formed 
near Englishtown in Monmouth County. The term 
Englishtown Sand was revised to Englishtown Forma
tion by Owens and Minard (1962) because of the inter
calated clays in the outcrop materials and because of 
the gradation to a clayey facies in the subsurface. 

THICKNESS AND LIMITS 

The Englishtown Formation has an average strike 
of N. 45° E. and dips approximately 38 feet per mile 
to the southeast (fig. 3B}. As shown by well logs in
dicating the top of the formation, the unit at Freehold 
(well10} is about 100 feet below land surface, at Brielle 
(well 44) about 650 feet below land surface, and at 
Lavallette (well 55) about 1,100 feet below land sur
face. 

The formation in outcrop thins from about 140 feet 
in northeastern Monmouth County southwestward to 
Gloucester County where, as shown on the geologic map 
of New Jersey, it wedges out. On the basis of drillers' 
logs, thickness variations of 10 to 15 feet appear to be 
somewhat random throughout most of the subsurface 
extent of the formation. The formation thins south
ward and southeastward in the subsurface, and grades 
laterally from quartzose sand into clayey glauconitic 
sand. Figure 3B is an isopach map of the Englishtown 
Formation based on the lithic description of quartzose 
sand exposed in outcrop. In the southern part of the 
Coastal Plain of New Jersey, the Matawan Group is 
composed of a uniform undifferentiated section of very 
fine grained calcareous, fossiliferous, glauconitic, and 
micaceous sands, silts, and clays. Other workers have 
attempted to extend the outcrop formations of the Ma
tawan Group into this subsurface section, apparently 
on the basis of fossil content and uniform dip. How
ever, inasmuch as this study is concerned primarily with 
a rock stratigraphic unit, the name Englishtown is re
stricted to the quartzose sand lithofacies as described 
in outcrop. This restriction allows limiting the name 
Englishtown to a distinctive water-bearing unit. In 
addition, this usage appears to conform more nearly to 
the Code of Stratigraphic Nomenclature (Am. Comm. 
on Strat. Nomenclature, 1961) than would an extension 
of the name Englishtown into the fine-grained glau
conitic material of the southern New Jersey Coastal 
Plain. 
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LITHOLOGY 

The Englishtown Formation in the northeastern part 
of its outcrop area is a conspicuous bed of white or tan 
well-sorted fine- to medium-grained nonfossiliferous 
quartzose sand. Quartz composes more than 90 percent 
of the material of the sandy beds. The unit is slightly 
micaceous and lignitic and contains a few scattered 
grains of glauconite. There are a few discontinuous 
beds of dark-gray and light-brown clay interbedded 
with the sands. Some of the clay beds are rather thick, 
one such bed of dark lignitic, micaceous clay about 20 
feet thick being present in Middlesex County (Barks
dale and others, 1943, p. 62). The clay beds are not 
extensive. Some of the sand beds are cemented by iron 
oxide that forms semiconsolidated sandstone beds. The 
ironstone "hardpan" ledges for the most part are very 
limited in areal extent and less than 2 feet thick. They 
occur throughout the formation. Some of the cemented 
layers are conglomeratic and contain pebbles an inch 
or more in diameter. Tabular cross-stratification is 
characteristic of the formation. 

and clay of the upper part of the Englishtown to the 
very glauconitic sand of the basal Marshalltown. 

Owens and Minard (oral commun., 1961) reported 
that channel-shaped deposits composed of varying 
amounts of sand, silt, clay, and fine gravel occur through
out the formation in the Trenton area. They reported 
no identifiable fossils from the Englishtown in the Co-

Owens and Minard ( 1962) described the formation 
as well stratified quartz sand in the Columbus quad
rangle in Burlington County. Quartz is the dominant 
mineral and mica, glauconite, and lignite are the con
spicuous accessory minerals. The interb~dded cla_y is, 
dark gray to light brown and the clay-s1zed particles' 
are dominantly quartz, kaolinite, and mica (Owens and 
others, 1961, p. C319). The conformable contact with 
the underlying Woodbury Clay in the Columbus quad-. 
rangle was described as gradational over a 10-foot in
terval and as characterized by siderite and quartz con
cretions. The contact with the overlying Marshalltown 
Formation was described as sharp,. conformable, and 
marked by an abrupt change from dark-colored sand 

lumbus quadrangle. . . . 
To the southwest the Englishtown ma1nta1ns the d1s-

, d" tinct lithology and mineralogy of a fine- to me !Urn-

grained quartzose sand in outcrop. However, t~e 
amount and thickness of the clay layers and the s1lt 
content of the sand increase slightly, and the sand be
comes finer grained. The results of the size analyses 
and permeability determinations of sa~d sampl~ fro~ 
outcrops of the Englishtown FormatiOn are hsted 1n 
table 2. These samples have a general uniformity in 
the statistical measurements of sorting, skewness, and 
kurtosis. However, the median sand size changes from 
medium ( 0.25-0.50 mm) to fine ( 0.125-0.25 mm) from 
northeast to southwest along the outcrop. 

The formation maintains its distinctive character as 
a lignitic micaceous quartzose sand in the subsurface. 
However: the sand becomes increasingly finer grained, 
glauconitic, pyritic, and fossilifer?us . at depth.1 In 
summary, the Englishtown Formatwn 1n the nort~1east 
consists principally of quartzose sand and contams a 
few clay beds. Southward the sand grades to finer 
grained sediments that are time ~rrelativ~ wit~ fos
siliferous calcareous and glauconitic materials In the 
southern part of the New Jersey Coastal Plain (Gill and 
others, 1963) . 

The Englishtown Formation has a variable heavy
mineral suite, some sands being epiddte-rich and others 

1 Gill, H. E., 1956, A stratigraphic analysis of a portion of the Mata
wan Group : Rutgers Univ. Master's thesis, 167, p. 

TABLE 2.-Size analysis and permedbility of sand samples from outcrops of the Englishtown Formation 
[S 1 n t d from northeast to southwest along the outcrop All analyses by u.s. Geol. Survey Hydrologic Laboratory, Denver, Colo.J amp es co ec e 

Percent of particles in given diameter range (millimeters) Statistical measures 

Sand Gravel Particle size at percentage 
Lab Clay class indicated 

Sorting Skew- perme-
Kurtosis Location and 

coeffi- ness ability silt Very Fine Me- Coarse Very Very Fine 
cient Qt-Qa Qa-Qt (Meinzer fine dium coarse fine 

2(Peo-Pto) units) Pto Pts Pr.o P71 Peo QaJQ, Md2 ----.------.-.------- (Qt) (Md) (Qa) gpdper 
ft <0.0625 0.0625- 0.125- 0.25- 0.50-1 1-2 2-4 H 

0.125 0.25 ·o.so 
---------- --------------

0.1 0.18 0.24 0.28 0.32 0.38 1.15 0.98 0.20 340 Centerville, Monmouth Co ____ 2.3 1.8 24.0 69.9 1.9 ------ ------
.34 .36 .38 1.13 .87 .22 350 2.0 2.9 12.9 80.7 1.5 ------ .20 .28 

500 
Morganville, Monmouth Co ___ -----:i- ------

.18 .23 .28 .32 .38 1.18 .94 .22 Englishtown, Monmouth Co __ 1.2 1.3 33.3 62.9 1.2 --oT --o:i- .09 .19 .33 .41 .47 1.47 .71 .27 100 4. 7 16.3 64.3 6.2 .3 
340 

Etra,JMercer Co _______________ 8.0 
.17 .24 .29 .33 .38 1.17 .94 .21 Walnford, Monmouth Co ______ 2. 7 2.3 24.4 70.4 .2 -------- ------ ------
.09 .12 .16 .18 .21 1.23 .84 .25 150 Columbus, Burlington Co _____ 4.2 20.1 74.6 1.1 -------- -------- ------ ------

Route 38 and N.J. Turnpike, 
.1 .07 .12 .18 .26 .36 1.47 .96 .24 90 Burlington Co _______________ 7.4 21.5 41.6 27.2 2.2 ------ ------ .11 .14 .18 .20 .25 1.19 .86 .21 160 Moorestown, Burlington Co ___ 5.0 9.0 76.7 9.2 .1 ---T9- ---:3- ------

.15 .17 .22 .30 .43 1.33 1.05 .23 300 Runnemede, Camden Co ______ .7 2.6 59.0 30.5 5.0 ------
Woodbury Heights, 

.1 .14 .16 .20 .26 .37 1.27 1.04 .22 400 Gloucester Co_-------------- 1.1 1.9 68.6 27.6 .7 ------ -----------------------------------Average _________________ 3.5 6.8 43.1 44.4 1.9 0.3 0.0 0.0 0.14 0.19 0.24 0.29 0.36 1.26 0.92 0.23 273 
I 
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being zircon-rich. Reed (1960) listed heavy minerals 
from 14 outcrops and 2 wells in the Englishtown For
mation. The outcrop sediments contain a fairly uni
form heavy-mineral suite, being for the most part 
zircon-rich and epitode-poor. The outcrop materials 
contain a wide variety of heavy minerals, including 
ilmenite, leucoxene, magnetite, staurolite, chloritoid, 
rutile, garnet, tourmaline, sillimanite, kyanite, anda
lusite, epidote, monazite, hornblende, and zircon. How
ever, garnet is more abundant in the Marshalltown and 
Merchantville than in the Englishtown. (See footndte 
1, p. B11.) The epidote-rich suites occur at depth 
both in the southwest and in the northeast. Some of 
the subsurface materials in Ocean County also contain 
a zircon-rich suite. In a well at Mantoloking studied 
by Gill (footnote 1) , the material near the contact of 
the Woodbury was epidote-rich, but near the top of the 
Englishtown Formation the samples were zircon-rich. 

The outcrop deposits of of the Englishtown contain 
kaolinite with varying amounts of illite, and the down
dip deposits are characterized by montmorillonite and 
illite (Groot and Glass, 1960). The intermediate de
posits contain kaolinite, illite, chlorite, and montmoril
lonite in varying proportions, more kaolinite being to
ward the outcrop areas and more montmorillonite being 
at depth in the subsurface. 

PALEONTOLOGY 

H. E. Gill (footnote 1, p. B11) has made a study 
of the Foraminifera of the Matawan Group, which 
includes the Englishtown Formation, on the basis of 
samples from wells at Freehold, Mantua, and Manto
loking and of outcrop samples from Morganville. The 
samples from Freehold contain no invertebrate micro
fossils, but contain lignite and seed cases. A part of 
Gill's thesis (p. 61-64) is quoted herein: 

The Englishtown Formation in Morganville, Mantua, and 
Mantoloking has yielded a combined microfauna of 62 species, 
representing 31 genera and 11 families. The Mantua and 
Mantoloking localities have 20 species in common. The English
town Sand at Morganville contains a few specimens of 
Polyphragma and Haplophragmoides indicating an estuarine en
vironment. Thus we can expect no faunal correlation between 
the outcrop and the downdip sediments. 

The microfauna at Mantua is composed of 24 calcareous 
species, 2 arenaceous, while a larger population is represented 
at Mantoloking with 51 calcareous and 5 arenaceous species. 
Twenty-nine of the species are new. Of these 20 are rare or 
fragmented forms to which no specific identifications can be 
given. Eleven pelagic species are represented, but their occur
rence is marked by a small number of individuals and frag
mented specimens. 

The Lagenidae and Anomalinidae are the dominant forms 
both in individuals and species. The Heterohelicidae and 
Globorotaliidae are fairly well represented by species, but the 
number of individuals is small in comparison. 

Seven species all of which are rare appear to be limited to the 
Englishtown Formation on present evidence. They are: 

Dorothia n. sp. 2 
Vaginulina n. sp. 4 
Discorbis n. sp. 3 
GiimbeZina n. sp. 1 
AnomaZina n. sp. 2 
AnomaZina n. sp. 3 
PZanuZina n. sp. 2 

The faunal evidence indicates a shallow water, sheltered 
environment, open to the sea, such as a shallow bay. The heavy 
minerals and mechanical analysis seem to substantiate this 
conclusion. 

Correlation of the 30 species the Englishtown Formation has 
in common with the Gulf Coast shows only a vague suggestion 
of Upper Taylor affinities. Lagena hwagona, Lagena suloata 
var. semiinterrupta, Pseudoovigerina seZigi, and Oeratobulimina 
cretacea are four Englishtown forms which are restricted to 
the Navarro on the Gulf Coast. As was mentioned previously, 
they are probably forms which evolved here. Eleven species 
occur in the Taylor and Navarro, while only one species is lim
ited to beds of Austin-Taylor age. Fourteen species are long 
ranging. 

In comparing the species which are recurrent in older and 
younger formations, it is interesting to note that the English
town zone marks a reversal of the tendency which was estab
lished in the older formations, that of the greatest percentage 
of recurrent forms usually occurring in the next younger 
formation. 

A substantial percentage of the Woodbury forms persist into 
the Englishtown zone indicating a continuation of a similar en
vironment. 

Sixteen of the Englishtown's 64 species occur in the Merchant
ville Formation, while 41 occur in the Woodbury Formation and 
23 in the Marshalltown Formation. 

Richards ( 1958, p. 23) reported, "The only recogniz
able macrofossils from the Englishtown Formation are 
some specimens of Tumtella sp., Oardiwm tenifu.striata 
and Lwnatia halli from a well at Lavallette. Unidenti
fiable fragments at Fort Dix, Holmdel, and Mantolok
ing and from test borings for the New Jersey Turnpike 
between Runnemede and Woodbury Heights have been 
recorded (Johnson and Richards, 1952, p. 2155-6) ." 

ORIGIN 

The Englishtown appears to be of transitional and 
marine origin. In conjunction with the Woodbury, it 
represents a single regressive phase of the Late Creta
ceous seas. The Englishtown in outcrop probably rep
resents a deltaic and beach-complex environment of 
deposition. The quartzose sand represents uplift and 
renewed erosion of the northern Appalachians accom
panied by an increase of sediments applied to the north
ern Coastal Plain. This quartzose sand was then re
worked by long-shore currents in a littoral and shallow 
neritic environment, probably not unlike that along 
the New Jersey coastal area of the present. The cor
relative, very fine grained calcareous, fossiliferous, glau
conitic, and micaceous sands, silts, and clays ,found 
downdip probably represent deeper water marine de-
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posits. The lithology ·and paleontology· ·of the--:forma--·
tion indicate 9scillating fluvial, back-bay, bay, barrier
beach, and neritic environments of deposition. 

The thickness of the formation and shape of the iso
pachs indicate a source of sediments somewhere to the 
north of Sandy Hook. The source was possibly an an
cestral Hudson River that formed a delta and deposited 
sediments into an embayment. Other rivers undoubt
edly flowed into the embayment from the northwest and 
contributed sand that was much the same sort but had 
less total sediment and more .clay· and silt. The sedi
ments were then rewor.ked by long-shore currents and 
are now of similar lithology. 

The wide extent, uniform thickness, cross-stratifica
tion, lithology, statistical measurements, and paleon
tology of the Englishtown Formation indicate a marine 
influence. The reported channel deposits and lack of 
fossils in the outcrop area may indicate fluvial or con
tinental environment. However, it appears that the 
major part of the formation was deposited in a littoral 
and shallow neritic environment, and the correlative 
clayey facies under a deeper water neritic environment. 

. GEOHYDROLOGY 
REGIONAL SETTING 

Beneath the land surface of the Coastal Plain of New 
Jersey, the pore. spaces .of the unconsolidated rocks con
tain a great quantity of fresh ground water. This water 
is vastly greater in quantity than all the fresh water 
contained at any particular instant in the rivers and 
lakes on the land surface in New Jersey. The source 
of virtually all this fresh ground water is precipitation 
that falls on the surface of the Coastal Plain. This 
ground water,. in general, is of low mineral content and 
of excellent quality. An approximately equal amount 
of water contained in tl.le materials . underlying the 
emerged Coastal Plain is saline ( Seaber, 1963, p. 3). 
This saline water occurs i11 the deeper materials and in 
a few localized areas .in deposits adjacent to saline sur
face waters. 

The fresh ground water is moving slowly through 
this natural underground. reservoir system. It moves 
from areas of infiltration of rainfall to natural outlets 
of seepage on the land surface, to the ocean, and to points 
of artificial diversion. 

The quantity in underground storage varies slightly 
from season to sea~on. It decreases, even with normal 
precipitation, during the summer and early fall, when 
the use of water by plants is greatest. It increases dur
ing the winter and early spring, when vegetal growth 
is least. 

The Coastal Plain materials differ in the amounts of 
water they contain and the :rates ·at· which this ·water : 
can move through the formations and into wells. The 
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quantity of ground water in any one place is determined 
by the size and number of saturated.. openings in the 
materials. In the Coastal Plain, virtually all the water 
occurs in interstices or voids between the grains of the 
unconsolidated rocks. The size of the rock openings is 
important. Water held in minute pores is difficult to 
remove because of the strong capillary attraction be
tween the rock particles and the water, even though the 
percentage of voids may be fairly high. 

Materials such as gravel and the coarse sand contain 
a considerable amount of large voids, frequently as 
much as 30 to 35 percent of the rock volume, and trans
mit and yield the water readily. Material such as clay 
contains just as much or more void space but, because 
the voids are smaller, it transmits and yields water very 
slowly. An intermediate group of materials, in terms 
of capacity to transmit and yield water, includes finer 
sand and silt. 

The coarser beds in the layers of gravel, sand, silt, 
and clay which underlie the Coastal Plain are thus very 
favorable for the storage and movement of ground 
water; these beds constitute the aquifers of the Coastal 
Plain, and the finer grained materials constitute the 
confining beds. Except ·for the outcrop areas, these 
more permeable beds form artesian aquifers between 
confining beds of finer grained material. The aquifers 
and intervening confining beds of lower permeability 
do not necessarily conform to the mapped geologic 
formations of the Coastal Plain (table 3) . 

Several of the Coastal Plain formations contain 
aquifers capable of yielding moderate to very large 
quantities of water to wells. In order of their occur
rence from the Fall Line toward the southeast-that is, 
from oldest to youngest-the aquifers are the permeable 
sands in the Raritan and Magothy Formations, the 
Englishtown Formation, the Wenonah Formation and 
Mount Laurel Sand, the Vincentown Formation, the 
Kirkwood Formation, and the Cohansey Sand. The 
overlying irregular and discontinuous veneer of 
Quaternary sand and gravel serves generally to receive 
recharge from precipitation, but is generally not thick 
enough to yield large quantities of water directly to 
wells. 

The aquifers in the Raritan and Magothy Forma
tions are the most heavily pumped and the most impor
tant in terms of developed and potential capacity in the 
Coastal Plain. Eastward these formations occur at in
creasingly greater depths and it becomes economical to 
utilize other aquifers. The Englishtown, Wenonah 
and Mount Laurel, Vincentown, and. Kirkwood Forma
tions are capable of yielding moderate supplies of water 
for industrial and public use, but the· ability of these 
aquiferS to store and transmit water is not nearly as 
great as that of the Raritan and Magothy Formations. 
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FIGURE 2.-Tbe Atlantic Coastal Plain of New Jersey, showing pattern of ground-water movement. A, Befo.re 
withdrawal of water from. wells; B, atter wit'hdrawJll of water fro~p wells. 
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The Cohansey compares favorably with the Raritan 
and Magothy in its ability to store and transmit water, 
but it is essentially undeveloped. The aquifers of 
Pleistocene age in places compare favorably with the 
Raritan and Magothy Formations and the Cohansey 
Sand. 

Woodbury Formations, the diatomaceous clay at the 
base of the Kirkwood Formation, and the diatomaceous 
clay unit near the top of the Kirkwood Formation. 
Other formations contain beds which act as confining 
layers in local areas, but which are not confining beds 
throughout their occurrence in the Coastal Plain. 

The areally extensive confining beds of the Coastal 
Plain, in order of their occurrence from oldest to 
youngest, are the rocks of the basement complex of 
Triassic and older age, the combined Merchantville and 

The materials can be divided into several geohydro
logic units, as shown in table 3. The generalized pat
tern of ground-water movement in these units before 
any great withdrawal of water is compared in figure 2 

TABLE a.-Stratigraphic and geohydrologic units in the northern Atlantic Coastal Plain of New Jersey 

System Berles 

Recent 

Geologic-map 
symbol 

Qal 

Qbs 

Formation Geohydrologic units 

Alluvium 

Beach sand and gravel 
QuaremMyl---------------l----~-----1-------------------l 

Tertiary 

Cretaceous 

Pleistocene 

Pliocene(?) 

Pliocene(?) and 
Miocene(?) 

Miocene 

Eoeene 

Paleocene 

Upper 
Cretaceous 

Lower 
Cretaceous 

Qcm Cape May Formation ----1-----------1 Aquifer containing 
Qp Qps Pensauken Formation local confining 

beds 
Qbt Bridgeton Formation 

Tbh Beacon Hill Gravel 

Tch 

Tkw 

Tsr 

Tmq 

Tvt 

Tht 

Krb 

Kns 

Kmw 

Cohansey Sand 

Kirkwood Formation 

Q, 

Shark River Marl 

Manasquan 
Formation 

Vincentown 
Formation 

Homerstown Sand 

Red Bank Sand 

Navesink 
Formation 

Mount Laurel Sand 

Wenonah 
Formation 

Kmt ~ Marshalltown 
Formation 

Ket 

Kwb 

Kmv 

0 

Englishtown 
Formation 

Woodbury Clay 

Merchantville 
Formation 

Confining bed 

Aquifer 

Confining bed 

Confining bed 
with local 
aquifers 

Aquifer 

Confining bed 
with local 
aquifers 

Aquifer 

Confining bed 
with local 
acquifers 

Aquifer 

Confining bed 

Kmr 

Magothy Formation 
1-----------l Aquifer contain

ing local con
fining beds Raritan Formation 

Pre-Cretaceous Confining bed 

Recent-Mio
cene(?) aquifer 
system 

Great diatom clay 
bed 

Miocene aquifer 
system 

Lesser diatom 
clay bed 

Eocene-Upper 
Cretaceous aqul
fersystem 

Woodbury
Merchantville 
clay bed 

Upper Creta
ceous-Lower 
Cretaceous 
aquifer system 

Basement complex 

Maximum 
reported 
thickness 

(feet) 

Lithology 

Sand, silt, and black mud. 
80 1--------------------

Sand, quartz, light-colored, medium
gramed, pebbly. 

Sand, quartz, light-colored, hetero· 200 geneous, clayey, pebbly, glauconitic. 

20 Gravel, quartz, light-colored, sandy. 

Sand, quartz, light-colored, medium• 
270 to coarse-grained, pebbly; local clay 

beds. 

Sand, quartz, gray to tan, very fine to 
750 medium-grained, micaceous, and 

dark-colored diatomaceous clay. 

200 

460 

Sand, quartz and glauconite, gray, 
brown, and green, fine- to coarse
grained, clayey, and green silty and 
sandy clay. 

Sand, quartz, gray and green, fine- to 
coarse-grained, glauconitic, and 
brown clayey, very fossiliferous; 
glauconite and quartz calcarenite. 

100 Sand, glauconite, green, medium- to 
coarse-grained, clayey. 

Sand, quartz and glauconite, brown 
185 and gray, fine- to coarse-grained, 

clayey, micaceous. 

Sand, glauconite and quartz, green, 
70 black, and brown, medium- to 

coarse-grained, clayey. 

Sand, quartz, brown and gray, fine- to 
coarse-grained, glauconitic. 

120 Sand, quartz, gray and brown, very 
fine to fine-grained, glauconitic, 
micaceous. 

125 Sand, quartz and glauconite, gray and 
black, very fine to medium-grained, 
very clayey. 

160 Sand, quartz, tan and gray, fine- to 
medium-grained; local clay beds. 

Clay, gray and black, micaceous. 

255 Clay, gray and black, micaceous, 
glauconitic, silty; locally very fine 
grained quartz and glauconite sand. 

95 Sandz quartz, light-gray, fine-grained, 
ana dark-gray lignitic clay. 

+2,000 
Sand, quartz, light-colored, fine- to 

coarse-grained, pebbly, arkosic, and 
red, white, and variegated clay. 

Precambrian and early Paleozoic 
crystalline rocks - metamorphic 
schist and gneiss; locally Triassic 
basalt, sandstone, and shale. 
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to the pattern of the present after large development of 
ground-water supplies by wells. The generalized 
ground-water flow patterns are based on original and 
present-day piezometric maps of the Raritan and 
Magothy Formations (Barksdale and others, 1958, p. 
113-114), the Englishtown Formation, and the Kirk
wood Formation (Gill, 1962, p. 101-102), and on a few 
original and present-day water levels for the Wenonah, 
Mount Laurel, and Vincentown Formations. 

GEOHYDROLOGY OF THE ENGLISHTOWN FORMATION 

town Formation through wells or other works ·of man~ 
water flowed through· the aquifer entirely in . response 
to natural hydraulic gradients. Figure.·30 shows the· 
probable nature of the pattern of flow in the aquifer 
from the recharge areas to points of discharge;:it can
not be used to show the exact direction of flow or. to' 
estimate quantitative magnitudes of flow,· but it does 
indicate the general direction of flow before any :arti
ficial withdrawal of water was made ... 

The contour data shown in figure 30 ·are :based upon 
the earliest records of static water levels in each of the 

IMPORTANCE As AN AQUIFER wells shown on the map and upon stream elevations 
The Englishtown Formation has been utilized as an where the streams intersect the base ,and top of the 

aquifer throughout an area of about 1,100 square miles formation in the outcrop area. The data are not, there
in the Atlantic Coastal Plain of New Jersey (fig. 1). · fore, ·based upon· any simultaneous·observations; -·but 
The formation has an areal extent of about 2,000 square upon observations extending over. a period of nearly 30 
miles; hence, about 900 square miles represents a po- years. Some of the water levels may have been affecteq. 
tential additional source of supply. The Englishtown slightly by the primping of earlier wells~ . Howe'Ver~ all 
is an important aquifer in Monmouth and Ocean Coun- the measurements were made prior to 1910, and most 
ties, especially along the Atlantic Coast. The aquifer . were made prior to 1900, before significant withdrawals 
is less well developed in Burlington, Camden, Glouces- of ground water from the Erigl~s.~toWii Formation. · · · · ·· 
ter, and Salem Cotmties to the southwest, owing 'to a Figures 2.A and 30 show that the Englishtown For
decrease in thickness and the a vaila:bility of water from mation did . !lOt. r~ceive the m~j or .. p~rt 9t. i~~ .. techarge 
other aquifers. In 1957, about 8.7 mgd (million gallons.- from the outcrop area, as formerly believed .. Rather, 
per day) was pumped from the Englishtown Forma- the principal intake areas were several miles downdip 
tion. About 4.2 mgd was pumped in Monmouth County and southeast of the outcrop area. Thefef6re, recharge 
and about 2.8 mgd in Ocean County. to the Englishtown in New Jersey occurred mostly .b~ 

AQUIFER coEFFICIENTs interformationalleakage from the overlying Marshall-
An aquifer test conducted May 14 and 15, 1959, at. town Formation. Some recharge resulted from infil

the Lakewood Water Co. (well 47), Lakewood, N.J., tration of precipitation..falling on the. outcrop area of 
gave a transmissibility coefficient of about 10,000 gpd the Englishtown, but it was eventually discharged into 
per ft (gallons per day per foot) and a storage co- streams or lost to evapotranspiration~ A study of 
efficient of 2.7X 10-4 for the 23%-hour drawdown phase original water levels in wells screened in the overlying 
of the test, pumping at a rate of 660 gpm (gallons per formations indicates that there was opportunity .for 
minute); the values were about 16,000 gpd per ft and vertical leakage downward into the recharge area of 
2.0 x 1Q-4 for a 5%-hour recovery phase. The aquifer the Englishtown from all these formations up to and 
is 52 feet thick. The permeability values (Meinzer including at least part of the Kirkwood Formation. 
units) were about 300 gpd per· sq ft for the recovery A comparison of the piezometric map with. a relief 
and about 190 gpd per sq ft for the drawdown. The map of the Coastal Plain shows that the two large 
results from the recovery phase are thought to be more recharge areas occurred in areas of topographic highs 
representative of the aquifer characteristics than those (fig. 3.A). One recharge area lay largely jn Monmouth 
from the drawdown phase, owing to an uncertain pre- County, the other lay principally in Camden Qo~~y,:. 
pumping trend. This test suggests that the permeabil- The high water levels seem to reflect the overlying 
i'ty of the aquifer at depth does not vary greatly from topographically high landmass. The two piezometric 
that of the outcrop material. (See table 2.) Therefore, highs were separated by a piezometric low correspond
an average permeability of 300 gpd per sq ft seems to ing to the topographic low in the same area. A 50-foot 
be representative of the entire aquifer. · Hence, lines piezometric ·contour that extended southeastward in 
of equal transmissibility could be draWn :for the aquifer· Monmouth County corresponded to the extension of the 
parallel to the isopach intervals shown in figure 3B. · topographic .. hj_gh ce~tered in northwestern Monmouth 

County. Perhaps a 50-foot piezometric contour simi-
MOVEMENT OF wATER larly extended southeastward in Gloucester and Camden_ 

PATTERN BEFORE DEVELOPMENT Counties, but static water levels in these areas are not 
Before any water was withdrawn from the English- known. No estimate can be made of the recharge from 

~ ,. ~........ . ~··· . .... . . . ' -
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the Marshalltown Formation to the Englishtown For- A comparison of the original piezometric surface of 
mation because of the variability in lithology and the the Englishtown Formation with that of the Atlantic 
lack of reliable permeability values for the Marshall- City "800-foot" sand aquifer of 'the Kirkwood Forma
town. tion (Gill, 1962, p. 101) and with that of the water-

The water moved through the aquifer from the two table aquifers suggests that movement of water was 
large recharge areas tow-ard the outcrop and toward from the Englishtown to the . surface of the Coastal 
the southeast. The Hudson submarine canyon in the Plain in the topographic low in Burlington County and 
Atlantic Ocean north of Sandy Hook Bay was a major along the coast in Monmouth and Ocean Counties. The 
discharge area for the large recharge area in Mon- amount of upward movem~nt of water was probably 
mouth County. A southern discharge area is not de- small, but no quantitative estimates can be made. 
fined at the other end of the system, but movement was 
probably upward into the overlying formations.· 

Water was discharged from the Englishtown Forma
tion in the outcrop ·area, which is crossed by many small 
streams and a few large-ones. ··The\vater table was at 
a higher elevation--than the streams, and these streams 
received ground-water· diSGharge .. The amount of 
ground-water discharge into the streams· is not known 
but is believed to be of.consider:,able magnitude. Barks-. 
dale and others (1958, p. 139), using streamflow data . ' estimated on the b~is of % to 1 mgd for each of the 130 
square miles of intak~ .. ~r~~ that the potential recharge 
is 100 to 130 mgd. A large part of this potential re
charge resulting from precipitation in the outcrop area 
was rejected and became stream discharge. 

Some water was discharged from the Englishtown 
Formation into outcrop areas of the overlying forma
tions between the piezometric high and the outcrop 
area of the Englishtown. This discharge occurred 
where stream eleyations were lower than the piezo
metric surface of 't~e Englishtown... Because· the per
meability of the Englishtown is much greater than 
that of the Marshalltown Formation, most of the move
ment was to the outcrop area of. the Englishtown, even 
in the small areas where gradients permitted upward 
movement of water. 

A comparison o~ the original piezometric surface of 
the Englishtown Formation with that of the Raritan 
and Magothy Formations (Barksdale and others, 1958, 
p. 113) suggests. that movement of water was from the 
Englishtown throlJ.gh 'th~ underlying Woodbury Clay 
and Merchantville Forrp.ation, to the Magothy and Rari
tan throughout the Coastal Plain. The combined Mer
chantville Formation and Woodbury Chiy form one of 
the most effective aquicludes in the Coastal Plain, and 
the amount of discharge probably was small in relation 
to the recharge receive~lfr:om the overlying Marshall
town Formation. Because of the variation of lithology· 
in the Merchantville Formation and .. the lack of reliable 
permeability data, no quantitative estimates can be 
made of the discharge from the Englishtown Formation 
to the Woodbury Clay and Merchantville Formati<;m. 

PATTERN AFTER DEVELOPMENT 

The artificial removal of large qu~1;1tities of water 
from the Englishtown Formation has altered the origi
nal pattern o~ movement. Figure 3D shows the prob
·able nature of the flow of water at the end of 1958. The 

. oontours ate based upon water-level measurements 
taken in late December 1958 .. ;and early January 1959. 
Some of the water levels may'.· have: been affected by 
pumping, but figure 3D·::!s bell.eved to show the general 
C?nfiguration of the piezometric surface of the English
town Formation. 

A comparison of the original piezometric surface 
with that of December 1958 shows little difference be
tween the two piezometric surfaces except in the eastern 
parts of Monmouth and Ocean Counties. The major 
high-level recharge areas are still several miles down
dip from the outcrop area, an<l the outcrop area and the 
topographic low in Burlington County still function as 
~ · .disch~rge area for the aquifer. · In .the area along the 
Atlantic coast, static-water levels in wells screened in 
the 'Englishtown Form.ation have declined greatly as 
the result of withdrawals o.f ground water. Mod
erately heavy pumping has greatly reduced the amount 
of discharge received by the area off the northeast coast 
of New Jersey and has diverted the flow to the area 
of pumpage. The southwest end of the system has not 
been altered. 

In eastern Monmouth a11d Ocean Counties, the water 
levels in wells screened in the Englishtown Formation 
have declined to the point that now they are lower than 
the water levels of· the underlying Magothy and Rari
tan Formations, of the overlying Kirkwood Formation, 
and of the water-table aquifer. Hence, the possibility 
now exists of movement from both the underlying Rari
tan and Magothy and the overlying Kirkwood to the 
Englishtown ·(fig. 2B). Howev.er, because of the rela
tive impermeability of the ~erch-ant\rille and Wood
bury Formations, the amount of water moved from the 
Raritan and Magothy to the Englishtown is considered 
to be of very small magnitude. Movement from the 

. , oyer lying aquifers· is p~obably 'not great either. 
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RELATION OF ·THE CHEMICAL CHARACTER OF THE 
WATER TO.~~E GEOLOGY AND GEOHYDROLOGY 

Areal vari3ttions in the chemical characteristics of 
the ground water in the Englishtown Formation are 
influenced chiefly by the chen1ical characteristics of 
precipitation, ,the mineral composition-of the overlying 
and underlying 'formations, the mineral composition of 
of the aquifer, the ground-water flow pattern in the 
Coastal Plain;, a.nd the length of time the water has 
been in contact with the ·formations. Water is entering 
the Englishtown throughout most of its subsurface ex
tent, from either the overlying or the underlying ma
terials; hence, areal variations in the chemistry of the 
ground water in the aquifer cannot be explained en
tirely by changes in' the mineral composition of the 
aquifer itself or by length of time required for water 
to move to different parts of the aquifer. The mineral 
composition of the overlying and underlying forma
tions and the length of time the water has been in con
tact with the formations influences the che1nistry of the 
ground water in, the Englishtown. 

Ground wa·t~r in the· outcrop area of the English~ 
town Formation is influenced by the chemical character 
of precipitation· on the outcrop, by the nature of the 
soil, and by the. chemical character of the water that 
has moved upclip from the areas of the piezometric 
highs in the aq~ifer. In the areas of the piezometric 
highs, 5 to .10 ·miles downdip from the outcrop, the 
water in the aqjlifer reflects the chemical character of 
the water in the overlying formations. The water in the 
overlying aquifer, which is the combined Wenonah 
Formation ~nd~Mount Laurel Sand, is similar to the 
water in th~ Englishtown in these areas. The water 
updip from:·, the areas .of the piezometric highs is a 
mixture of wate.r moving updip and water entering the 
aquifer from tl;ill overlying Marshalltown Formation. 
The water entering the' Englishtown in this area has 
had a shorter ."~esidence time" in the overlying forma
tions than th~t. ·in the area of the piezometric highs. 
The water at. depth in the Englishtown Formation is 
influenced by the lithology of the Englishtowri, by the 
chemical character of the water moving·downdip from 
the areas of .the :piezometric highs, and by the chemical 
character of,-the.water from the overlying and underly
ing formation.s. · As a result of heavy pumping from the 
Englishtown )n: the coastal area of Monmouth and 
Ocean Counties, water moves from the over lying and 
underlying aq~i-.fers .through the confining beds to the 
Englishtown.~ .However, the amount of water thus 
transferred ;·is sd small that the chemistry. of the water 
in the Englishtown has not been altered. significantly. 

The chemicaiicharacter of the ground waterprob8rhly 
does not vary s~ificantly between the top and bottom 

of the Englishtown Formation, although no analyses 
were made of water obtailied from one well at different 
depths within the aquifer. How·ever, at Belmar, Mon
mouth County, wells (29 to 36) tap the aquifer at dif
ferent depths within a small area, and the results of the 
chemical analyses of water from the different wells are 
within the limits of analytical error. Analyses of the 
water from these wells and from wells ( 72 and 73) 
at Blenhei1n, ·camden County, indicate that the chem
istry of the water does not vary within a small local 
area of the aquifer. Analyses.-of water obtained from 
the same well or wells in the same well field over a 
period of time, especially water samples from Asbury 
Park (26 and 27) ·and Whitesville.'(24 and 25) in Mon
mouth County, Lakewood ( 4 7) in Ocean County, and 
Marlton (64) in Burlington .County, indicate no sig
nificant change in the chemistry of the water over the 
samplingperiod (1899-1961). 

The chemical characteristics of the ground water are 
n1ore uniform where the aquifer has greater thickness. 
In the northeastern part of the area in Monmouth, 
Ocean, and Burlington Counties, the chemical character 
of the water is similar over broader areas than in the 
southwestern part of the area in Camden, Gloucester, 
and Salem Counties. Less consistency in the character 
of the ground water in the southwest is found in the 
dissolved-solids content, specific conductance, pH, 
temperature, and bicarbonate, calcium, magnesium, 
and potassium content. In the coastal area of Ocean 
County, where the aquifer also thins, rapid changes 
occur in the temperature and in the sodium, bicarbonate, 
and nitrate content of the water. 

Chem,ical reactions occur in ground water in the 
Englishtown Formation when the .water comes in con
tact with different materi~ls, when unli];r.e waters are 
n1i~ed; or when pJ:!ysical changes oc~ur in the physical
chemical system. As water moves downdi p in the 
aquifer, it comes in contact first with a predominantly 
kaolinitic clay, then with an illitic and chloritic clay, 
and finally at depth with a . montmorillonitic clay. 
Water moving through the overlying and ·underlying 
aquifers toward the Englishtown passes through a va
riety of materials, and when it enters the Englishtown 
it is a mixture of unlike waters. Physical changes occur 
in the physical-chemica] system· of the aquifer in a 
variety of ways. Water in th(3 out~rop areas is in con
tact with the atmosphere and water at greater depths is 
under a higher pressure and at a higher temperature. 

Changes in the· chemical character of the ground 
water are caused· by precipitation, solution, oxidation, 

·reduction, and ion-exchange. Chemical precipitation 
brings about changes in the iron, manganese, calcium, 
carbon dioxide, and bicarbonate content of the ground 



CHEMICAL CHARACTER OF WATER, ENGLISHTOWN FORMATION, NEW JERSEY B21 

water in the Englishtown Formation; the decrease 
thus produced in these constituents appears to be con
trolled primarily by pH and the temperature of the 
water. 

Solution produces an increase in the concentration of 
all the elements present in the water, along the flow 
lines in the aquifer. In addition to atmospheric pre
cipitation, a wide variety of minerals could contribute 
the fairly small amounts of dissolved constituents in 
the water in the Englishtown Formation. The reaction 
of ground water with the feldspars and clay minerals, 
especially those of the expanding-lattice type, and per
haps with some glauconite could contribute the major 
cations and the silica in the water. The anions result 
from reactions with various substances. 

Oxidation causes some modification of the iron, sul
fate, and pH content of the water, especially in the out
crop areas. Reduction in the presence of anaerobic 
bacteria may cause the slight decrease of sulfate content 
of the water at depth in the aquifer. Ion exchange is re
sponsible for the variation in the amounts of the cations 
in solution. In Ocean County the cation hydrochemical 
facies of water changes from a Ca + Mg, N a+ K facies 
to a Na+K, Ca+Mg facies. 

The chemical character of ground water in the aquifer 
would be modified considerably if subjected to salt
water encroachment. Although the aquifer extends 
under the Atlantic Ocean and is probably open to salt 
water in the Hudson submarine canyon, no increase in 
chloride content of the water from wells has been 
reported. 

The ground water in the outcrop area of the English
town Formation along the Camden and Burlington 
County boundary line contains mineral matter in 
amounts that are anomalous with those in the rest of 
the outcrop area. These anomalous concentrations are 
higher in pH, calcium, magnesium, sodium, potassium, 
bicarbonate, and dissolved solids and are lower in iron, 
manganese, and sulfate than are concentrations in the 
other parts of the outcrop area. This lack of conform
ity may be related to the steep gradients in the piezomet
ric surface in the formation just a short distance down
dip from the outcrop. If water entered the English
town from the overlying Marshalltown Formation, it 
would be discharged shortly from the outcrop into 
Pennsauken Creek. An alternate explanation is that 
the Marshalltown is very clayey in the area immediately 
adjacent to the Englishtown outcrop and, as a result, 
not much mixing with precipitation occurs. A third 
explanation would be that the Englishtown Formation 
in this area contains abundant calcareous material 
which produces different equilibrium conditions than 
prevail in other parts of the outcrop area. 

DISSOLVED SOLIDS 

The dissolved-solids content of ground water in the 
Englishtown Formation is greatest in the areas of the 
piezometric highs and along the coast in Ocean Coun
ty (fig. 4A). The ground water in the aquifer dis
plays a rather uniform ratio between dissolved solids 
and conductance except where is contains less than 
50 ppm of dissolved solids (fig. 4B). The conductance 
multiplied by 0.63 approximates the dissolved-solids 
content and the dissolved solids multiplied by 1.59 ap
proximates the conductance for most of the water. A 
decrease in the calcium and bicarbonate content of the 
water both updip and downdip from the areas of the 
piezometric highs is the reason for the decrease in dis
solved solids. The increase in dissolved solids along the 
coast in Ocean County is related to increasing concen
trations of sodium and bicarbonate. 

SILICA 

Silicates are the most abundant minerals in the 
Englishtown Formation. Although quartz is the major 
mineral of the formation, most of the silica present in 
the water is probably derived from the decomposition 
of silicate minerals other than quartz. The silica con
tent of the ground water ranges from 5.6 to 52 ppm, 
but no particular spatial distribution of the silica 
occurs. 

TEMPERATURE 

The temperature of the ground water in the English
town Formation is a function of the mean annual air 
temperature, the geothermal gradient, and the direction 
of ground-water movement (fig. 5A). The mean an
nual air temperature (1931-55) for the Coastal Plain 
of New Jersey is 53.9°F. The average geothermal 
gradient for a large number of wells in the Coastal 
Plain of New Jersey is 1° F increase in temperature 
for every 68 feet of depth, or 1° C increase for every 112 
feet of depth. Except for the influence of ground
water movement, or if ground-water movement were 
directly downdip in all the formations, the temperature 
of the ground water would be directly related to depth, 
that is, the geothermal gradient and the isotherms 
would parallel the structure contours of the forma
tions. Vertical recharge to the Englishtown from the 
overlying formations and movement of water updip 
in the aquifer along the Atlantic coast produce changes 
in this generalized isothermal pattern. 

In the area of the northern piezometric high, the 
temperature of the ground water from a flowing well 
(10} 200 feet deep is identical to the mean annual air 
temperature (53.9°F). If the water temperature at 
a depth of 200 feet in this area were strictly in accord
ance with the geothermal gradient for the Coastal 
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Plain, the temperature of the water would be approxi
mately 57°F. Obviously, the water temperature in the 
aquifer has been influenced by the temperature of the 
water moving downward from the surface. 

Water moves southeastward approximately downdip 
in northern Ocean County and then moves northeast
ward into Monmouth County. The temperature of the 
water in the aquifer along the shore in southeastern 
Monmouth County is therefore high. The isotherms 
that practically parallel the structure contours in cen
tral Monmouth County and northwestern Ocean Coun
ty are thus deflected northward along the coast in 
Monmouth County. 

The temperature of the water in Burlington County 
in the piezometric low reflects the temperature of the 
water entering the aquifer in the piezometric highs. A 
flowing well (58) 312 feet deep in this area yields water 
with a temperature only 0.2°F higher. than the mean 
annual air temperature. 

The temperature of the ground water in Camden, 
Gloucester, and Salem Counties is 1° to 2°F higher than 
that at similar depths in Monmouth and Burlington 
Counties, though it exhibits the same general pattern. 
The higher temperatures can be explained by the slight
ly higher mean annual air temperatures in this region. 
The area along the Camden and Burlington County 
boundary line has ground water that is higher in tem
perature than that of other areas at similar depths. 

IRON AND pH 

The water in the outcrop area and for a few miles 
downdip from most of the outcrop area has a pH of 
7.0 or less. In general, the pH of the water in the 
aquifer increases gradually with depth (fig. 5B). The 
pH of the ground water in the Englishtown Formation 
appears to be controlled by the carbon dioxide-bicarbon
ate buffering system common to most potable ground 
water. The changes in pH parallel changes in the bi
-carbonate and carbonate content of the ground water, 
a. higher pH occurring in areas of increased bicarbon
ate and carbonate content. The areas where the water 
has a pH of less than 7.0 are those where little or no 
-calcium carbonate is present in the aquifer materials. 
Changes in pH are related to the iron content of the 
water. The areas where the pH is less than 7.0 yield 
water with an iron content greater than 5.0 ppm; those 
areas where the pH is greater than 8.3 yield water with 
an iron content of less than 0.03 ppm. 

The ground water in the outcrop area and in the 
area immediately adjacent to it is everywhere high in 
iron and manganese, except in the area along the Cam
den and Burlington County boundary line. The source 

of the iron is probably the various iron-bearing min
erals present in the formation. The manganese content 
of the ground water is uniformly low throughout the 
aquifer. In general, the iron content of the ground 
water decreases with depth of the aquifer (fig. 50). 
There is a high iron concentration in the outcrop area 
and a low iron concentration at depth. The. decrease 
in iron content probably represents either the precipita
tion of iron, as iron carbonate or as iron sulfide, or the 
lack of solution of iron resulting from pH changes. 

ANION HYDROCHEMICAL FACIES 

A hydrochemical facies may be thought of as a 
diagnostic chemical aspect of ground water indicative 
of the proportions of the cations and anions ( Seaber, 
1962, p. B124). Variations in the proportions of ca
tions and anions reflect environmental effects and can 
be used as diagnostic indicators of hydrochemical re
lations. 

The following terms, as used by Back {1961, p. 381), 
designate particular anion hydrochemical facies: The 
bicarbonate (HCOa+COa) facies occurs where the bi
carbonate plus carbonate exceeds 90 percent of the 
total anions (on the basis of equivalents per million, not 
parts per million) ; the bicarbonate-chloride-sulfate 
(HCOa, Cl + 804) facies indicates that bicarbonate is 
less than 90 percent, but greater than 50 percent, and 
the content of the other anions exceeds 10 percent and 
is less than 50 percent of the total anions; the chloride
sulfate-bicarbonate (Cl +804, HCOa) facies occurs 
where the bicarbonate plus carbonate is less than 50 
percent but more than 10 percent of the anions; the 
chloride-sulfate ( Cl + 804) facies occurs where the 
chloride plus sulfate content exceeds 90 percent of the 
total anions. The fluoride and nitrate content of the 
water in the Englishtown Formation is negligible, but 
the amounts present are added to the chloride and sul
fate content of the water in determining the anion 
facies. 

The classification of the hydrochemical facies used 
in this report is shown in table 4 and figure 6. 

TABLE 4.-Classijication of hydrochemical facies 
[Percentage of constituents, in equivalents per million. Modified from Back (1961b, 

p. D381)] 

Anion facies: 

HCOs+ COs--------------------
HCOs, Cl+S04-----------------
Cl+S04, HCOs------------------
Cl+S04-- ----------------------

Cation facies: 
Ca+Mg _______________________ _ 

Ca+Mg, Na+K----------------Na+K, Ca+Mg _______________ _ 
Na+K-------------------------

1 May Include some NOa and F 

HCOa+COs 
9Q- 100 
5o-<9o 
1D-<50 

o-<10 
Ca+Mg 
9Q- 100 
5D-<90 
1D-<50 
o-<IO 

Cl+S041 

D-<10 
1D-<50 
5D-<90 
90- 100 

Na+K 
D-<IO 

ID-<50 
5D-<90 
9Q- 100 
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The anion hydrochemical facies distribution shown 
in figure 7A. indicates that the HC03 +C03 facies and 
the HCOs, Cl + 804 facies are predominant. The bi
carbonate ions originate directly from the atmosphere, 
from the solution of calcium carbonate by ground water 
made slightly acidic by dissolving carbon dioxide gas 
from the atmosphere, from the generation of carbon 
dioxide from decaying carbonaceous material, and from 
reactions occurring in the weathering profile. The 
sulfate and chloride ions do not occur in large amounts 
in the water, and the presence of the Cl + 804 facies and 
the Cl + 804, HCOs facies in the outcrop area is due to 

lack of calcareous material, to presence of iron sulfide 
minerals in which the sulfide is oxidized to sulfate, and 
to some contamination by fertilizer, sewage, industrial 
wastes, and salts applied to highways. No saline waters 
are present at depth in the aquifer to produce the high 
Cl + 804 facies common in other Coastal Plain aquifers. 

BICARBONATE AND CARBONATE 

The areal distribution of the bicarbonate content of 
the ground water in the Englishtown Formation shown 
in figure SA. is similar to that of the calcium content 
of the water (shown in fig. 9A.). Except for the area 
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along the coast in Ocean County, the water has either a 
high or a low content of both calcium and bicarbonate. 
In coastal Ocean County, the water has a high sodium 
and bicarbonate content. The similarities in calcium 
and bicarbonate indicate that the bicarbonate in the 
water is due largely to solution of calcium carbonate. 
In the areas of the piezometric highs, the sediments 
making up the Englishtown Formation contain little 
or no calcareous material, but the water in these sedi
ments has a high calcium and bicarbonate content. The 
water entering the Englishtown in these areas from the 
overlying Marshalltown Formation has a high calcium 
and bicarbonate content similar to that occurring in 
the Englishtown. Thus,.the origin of the calcium and 
bicarbonate in the water in this area is solution of cal
careous material by waters rich in carbon dioxide de
rived from the atmosphere and from soil in the 
overlying formations whose materials include abundant 
calcareous shell fragments. 

The decrease in concentration of calcium and bicar
bonate both updip and downdip from the areas of the 
piezometric highs either results from infiltration of 
water that contains little calcium and bicarbonate in 
solution or results from adsorption by lignite. Mar
garet Foster (1950, p. 41-46) showed experimentally 
that calcium bicarbonate water in contact with lignite 
in the absence of calcium carbonate and ion-exchange 
material loses calcium and bicarbonate, and she at
tributed the loss to adsorption by lignite. Direct precip
itation of calcium carbonate over wide areas as an 
explanation for the loss of the calcium and bicarbonate is 
untenable. Calculations, made by the procedure out
lined by Back (1961a), of calcium carbonate saturation 
for the water from wells for which field analyses of 
pH and bicarbonate were available indicated that the 
water in areas where a decrease in calcium and bicar
bonate occurs is undersaturated. Precipitation of cal
cium carbonate may occur in small areas in Burling
ton, Camden, and Gloucester Counties, inasmuch as 
water from several wells (58, 61, 64, 66, 68, and 81) 
indicated the possibility of supersaturated conditions 
with respect to calcium carbonate. However, further 
decreases in the calcium and bicarbonate content occur 
both updip and downdip along flowlines between wells 
where the water is undersaturated with respect to cal
cium carbonate; a mechanism other than direct precipi
tation of calcium carbonate is therefore required. All 
the water from wells in Monmouth County and interior 
Ocean County for which calculations of calcium car
bonate saturation were made-that is, ~II the water 
from wells for which field determinations of pH and 
bicarbonate were availabl&-appears to be undersatu
rated with respect to calcium carbonate. 

In the area updip from the piezometric highs, es
pecially in the outcrop, the decrease in calcium and bi
carbonate is probably due to infiltration of water that 
contains little of these two constituents. The water in 
this area has had a shorter "residence time" in the 
Coastal Plain sediments and reflects a loss in relative 
amounts of almost every constituent except iron and sul
fate. The decrease in calcium and bicarbonate downdip 
probably is due to the adsorption by lignite of calcium 
carbonate, because the water does not change in char
acter except for these two constituents. 

The increase in bicarbonate in coastal Ocean County 
occurs where the Englishtown sediments contain cal
careous shell fragments (particularly Foraminifera), 
ion-exchange material (especially montmorillonite), 
and lignitic material. Foster ( 1950, p. 33-48) has shown 
that where a water-bearing formation contains these 
three materials, dynamochemical processes result in the 
generation of water rich in sodium and bicarbonate. 
In such a process, carbon dioxide is generated by altera
tion of carbonaceous material in the sediments; the 
water then dissolves calcium carbonate, the calcium 
thus taken into solution being replaced by sodium 
through the action of ion -exchange materials; the end 
result of these reactions is an increase in the sodium bi
carbonate content of the waters (Foster, p. 41). Cal
culations of the degree of calcium carbonate saturation 
of water from wells 48, 52, 54, 56, and 57 all indicated 
an approximate equilibrium condition of the water 
with respect to calcium carbonate, which is the condi
tion required for the above processes to be operative. 

SULFATE 

The sulfate content of the ground water in the Eng
lishtown Formation is fairly low (fig. SB). The sul
fate content of the water in the outcrop area and 
immediately downdip from the outcrop area is gen
erally higher than that in other areas, except for the 
area along the Camden and Burlington County bound
ary line and an area in southwestern Monmouth County. 
The sulfate and iron contents of the water seem to be 
related. Where the iron content is greater than 1 ppm, 
the sulfate is generally greater than 10 ppm, and 
where the iron content is less than 1 ppm, the sulfate 
is less than 10 ppm. The origin of the sulfate is iron 
sulfide minerals; the sulfide is oxidized to sulfate and 
the water therefore has high concentrations of both iron 
and sulfate. The sulfate content decreases downdip, 
a major decrease occurring along the coast in Ocean 
County. The decrease may be caused by the reduction 
of sulfate or by the precipitation of iron sulfide or 
calcium sulfate. 

NITRATE 

The nitrate content in the ground water in the Eng-
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lishtown Formation is uniformly low (fig. 80). In 
general, the nitrat~ content of the water is l~s than 
1.0 ppm, except along the shore in Ocean County where 
the high value is 3.1 ppm. The slight increase in Ocean 
County is probably the result of decomposition of lig
nite or other organic material. A few shallow wells 
yielded water containing high concentrations of ni
trates (as much as 80 ppm) accompanied by low con
centrations of bicarbonates, but the nitrate content of 
the water in these isolated areas could be traced to some 
source of contamination, such as fertilizer. or sewag~. 

CHLORIDE AND FLUORIDE 

The chloride content of the ground water in the Eng
lishtown Formation is uniformly low, and it does not 
exhibit any particular spatial pattern. The source of the 
chloride is probably entirely atmospheric precipitation. 
Many wells yield water with a chloride content of less 
than 5 ppm, and only a few wells yield water with a 
chloride content of more than 10 ppm. These few wells 
show some degree of contamination. As far as known, 
the Englishtown does not contain saline water at depth. 
Perhaps the area adjacent to Sandy Hook Bay and the 
Atlantic Ocean will be subjected to salt-water encroach
ment in the future, but no part of the aquifer being de
veloped at the present time ( 1963) contains even a trace 
of saline water. 

The fluoride content of the ground water from the 
Englishtown Formation is uniformly low, that is, less 
than 0.8 ppm, and exhibits no particular spatial 
distribution. 

CATION HYDROCHEMICAL FACIES 

The following terms are used to designate particular 
cation facies adapted from those used by Back (1961b, 
p. D381) : The calcium-magnesium (Ca+ Mg) facies 
occurs where calcium and magensium ions compose 90 
percent or more of the total cations (on the basis of 
equivalents per million, not parts per million) ; the 
calcium-sodium (Ca+ Mg, Na+ K) facies exists where 
the calcium and magnesium content exceeds 50 percent 
but is less than 90 percent of the total cations, and the 
sodium and potassium content exceeds 10 percent but is 
less than 50 percent; the sodium-calcium (Na+ K, Ca+ 
Mg) facies designates the chemical character of water 
in which the content of the sodium and potassium ions 
exceeds 50 percent but is less than 90 percent of the 
total cations; the sodium-potassium (Na+ K) facies 
occurs where the sodium and potassium ions exceed 90 
percent and the calcium and magnesium equal less 
than 10 percent. In the Englishtown Formation the 
potassium and magnesium content of the water does not 
change significantly, but it is considered here for uni
formity with the concepts of the hydrochemical facies 

used by Back for the Atlantic Coastal Plain; hence, the 
various cation hydrochemical facies are determined pri
marily by the ratio of calcium to sodium in the water. 
The potassium and magnesium ions in the ground water 
probably originate from atmospheric precipitation and 
from solution of silicate minerals primarily in the 
weathering profile at the ground surface. 

The distribution of the cation hydrochemical facies 
is shown in figure 7B. TheCa+ Mg facies results from 
solution of calcareous materials in the overlying forma
tions by ground water which enters the Englishtown 
Formation in the areas of the piezometric highs (fig. 
3D). In the outcrop area, which presumably has been 
functioning as a discharge area for a long period of 
time, the material has been subjected to acid water, 
and whatever calcium carbonate material may have 
been present has been leached, in addition to being 
deficient in calcareous material since its deposition ; 
therefore, in this area a Ca + Mg, N a+ K facies is 
present. At depth the calcium is being removed from 
the water by an ion-exchange process and the N a+ K 
facies results. The ion-exchange process is stoichio
metric. The water analyses indicate that additional 
calcium resulting from solution of calcareous fossils in ' . . . the formation, enters the water at depth, participates m 
an ion -exchange reaction, and increases the proportion 
of sodium to calcium in the water. The presence of 
sodium montmorillonite in the subsurface deposits of 
the Englishtown is speculative, but it is indicated by the 
water chemistry 

The decrease in calcium and the increase in sodium 
content of the water could be explained by the solution 
of sodium silicate minerals. This reaction would in
crease the sodium content of the ground water and raise 
the pH, an accompanying precipitation of calcium car
bonate causing the decrease in calcium content of the 
water. However, the bicarbonate content of the water 
in this area increases and this mechanism offers no 
source of additional carbonate ions. 

The zone separating the Ca+ Mg, N a+ K facies from 
the N a+ K, Ca + Mg facies along the coast in Ocean 
County is considered to be an "ion-exchange front." 
This front is moving slowly east-southeastward at an 
unknown rate in the direction of the movement of the 
water in the formation. The present alinement and po
sition of the front is governed more by the original 
piezometric surface, which existed prior to pumping 
from the Englishtown Formation, than by the present 
piezometric surface. 

CALCIUM AND MAGNESIUM 

The calcium content of the ground water exhibits the 
same areal pattern as the bicarbonate, being high in the 
recharge area and low in the outcrop area (fig. 9..4.). 
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FIGURE 9.-Distrlbution of cations in ground water in the Englishtown Formation. A, calcium; B, magnesium; 0, sodium; D, potassium. 
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At depth the calcium content is again low as the result 
of ion exchange. 

The magnesium content of the ground water increases 
downdip from the outcrop area for about 20 miles, then 
decreases slightly (fig. 9B). The decrease may be due 
to the precipitation of magnesium as magnesium car
bonate or to ion-exchange reaction similar to that in
volving calcium and sodium. The magnesium content 
of the ground water in the outcrop area is variable. 

SODIUM AND POTASSIUM 

The sodium content of the ground water is uniformly 
low, less than 5.0 ppm, except along the shore in Ocean 
County (fig. 90). In general, it increases gradually 
for a distance of about 22 miles downdip from the out
crop area, then increases greatly. 

The potassium content of the ground water is also 
uniformly low, less than 6.0 ppm, except along the shore 
in Ocean County (fig. 9D). It increases slowly down
dip for a distance of about 22 miles, then remains con
stant for about 5 miles, and finally decreases slightly. 
Perhaps the potassium is involved in an ion-exchange 
process. 

CONCLUSIONS 
Areal mapping of water-quality characteristics has 

been used to demonstrate some relationships between 
chemical content of the ground water, lithology, topog
raphy, and flow patterns in the Atlantic Coastal Plain 
of New Jersey. It has been demonstrated that the 
chemistry of the ground water in the Englishtown For
mation is dependent upon the hydrology and physical 
framework of geology and topography. In its response 
to the physical environment it may give clues to other
wise unnoticed relations between geology, hydrology, 
and water chemistry. 

The areal distribution of the chemical characteristics 
of ground water may lend support to, or even suggest, 
geologic or hydrologic data ·that would not be obtain
able by conventional methods of study or that would be 
prohibitively expensive to obtain by other methods. 
The mapping of water-quality data (hydrochemical 
maps) is particularly important in evaluating an aqui
fer satisfactorily, and could be equally useful in re
gional geologic studies concerned with continuity of 
units or mineralogic differences and similarities. 

The chemical chara·cteristics. mapped in this study 
were chosen because they were responsive to the par
ticular physical environment of the New Jersey Coastal 
Plain. In other areas, different ratios or characteris
tics of the water chemistry may be more useful in de
termining which constituents are responsive to the en
vironment. In this study, only those characteristics of 
water normally determined in a routine analysis were 

used to produce the hydrochemical maps. This proce
dure demonstrated that many analyses now available 
for other aquifers could be used in similar studies. 
However, trace elements or other minor constituents of 
the water may locally be the most useful in pointing out 
relationships. 
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