U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

67°00' 66°45' 66°30' 66°15

PROFESSIONAL PAPER 1419

Hydrogeology and hydrology of the North Coast Limestone Aquifer System, Puerto Rico—PLATE 5
Renken, Robert A., and others, 2002, Geology and hydrogeology of the Caribbean Islands-
aquifer system of the Commonweatlh of Puerto Rico and the U.S. Virgin Islands

66°00' 65°45'

67°15' 67°00' 66°45' 66°30' 66°15' 66°00' 65°45' 67°15"
_ _ _ _ _ _ _ _ _
. Punta ATLANTIC Puerto OCEAN - ATLANTIC OCEAN
18°30° |— Pafion Nueve — 18°30° |— —
Punta = Punta w
Salinas S e e e _____Camuy— O O~ g T e Salinas \M“Wv“m o
o NC-6 LagunaLa e A e Y o el Ny e o E San Juan Lag La
AQUADILLA ﬁlsini_MDWm_l> Quebradillas Torrecilla \utﬂw Vacia J oou%{‘) Torrecilla Punta Vacia
. O‘Q,wm_,vﬁ,S.,,L,\):L ,,,,,,,,, LL.N, de Tortuguero NC-12 A’ 5 % Talega
et (-)\J(,/O\om Vega Baja h.nmcsm de Laguna de
JAguadilla LS VEGA Pinories Pinories
.Vega Alta
,,,,, VEGA
Punta ‘t & ALTA Punta  _— o~ A S T TN N =SS L —iaREeBOY v A L) O~ TR SRR T s T~ ) L Y——"" RioPREmT >~ &
Higuero N T =<4 Higuero Lo G . )
A o) ago Guajataca : z =
N S ey Florida \ S N . mmm_\w>m.H._>2 Florida A [ 7 = \2
RICON AGUADA FLORIDA . \& \ RICON AGUADA FLORIDA 2 £0 3 S \
. ALTA A\ﬁw BAYAMON m W . R 7 RiO - Lago 2, m W . ¢ 7 RIO
JRincén ° 7 S S LRincén Z & 2
Pa 2 hMmM.Em ) TRUJILLO 2 GRANDE 2 hMmo.Fm & TRUJILLO 2 GRANDE
Lago de .mv e ALTO .mv e ALTO
la Plata (o) awox la Plata (o) 5
\ CIALES neg© » Lagode 2 \ CIALES neg© . &4, Lago de
ANASCO ; Grand UTUADO o s COROZAL ) AlASCO i Grand QQ CQC>UO o s COROZAL . Loiza
flo. Crande de < NARANJITO ‘ & o < NARANJITO *
fasco LARES . GURABO CANOVANAS . GURABO CANOVANAS
: Lago /. IAYUYA S M CAGUAS “. Lago 7 JIAYUYA S M CAGUAS
_ _ 3903:3 . AGUAS"BUENAS _ NAGUABO _ _ zogoa:a . AGUAS-"BUENAS _ NAGUABO
18°15' 18°15'
Base modified from U.S. Geological Survey 1:100,000 quadrangles: Base modified from U.S. Geological Survey 1:100,000 quadrangles:
Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS
| ! 1 1 ] | ! ! 1 ]
f T T f T T
0 5 10 MILES 0 5 10 MILES
EXPLANATION EXPLANATION
Hydrogeologic units Rock-stratigraphic units Tmu Mudsone unit Estimated thickness of freshwater lens, in meters —s50— Line of equal thickness of the freshwater lens within the ——— Southern extent of rocks of Middle Oligocene to Pliocene age
) ) ] ) upper limestone aquifer—Contour interval 50 meters.
_H_ Alluvial-valley aquifer Qa Alluvial deposits Tms Mucarabones Sand Less than 50 I Greater than 150 Estimates of thickness are based on specific conductivity ——---7 Contact— Dashed where approximately located, queried where uncertain
- . . . . . . measurements, the 1987 potentiometric surface of the
_H_ Local confining unit Qu Surficial deposits, undifferentiated Tif Lares Formation I 50 to 100 Insufficient data upper aquifer (Renken and Gémez-Gémez, 1994), and ° Well control point—Specific conductivity well measurements used
_H_ Unsaturated, not an aquifer Tq Quebradillas Limestone Ts San Sebastian Formation 100 to 150 Guyben-Herzberg relations to determine the depth to the freshwater-saltwater interface
I to
North Coast limestone aquifer system Ta Aymamoén Limestone Tk Undifferentiated rocks of Eocene, Paleocene, and e Line showing landward limit of saltwater
Cretaceous Age
Upper aquifer Tal Aquada (Los Puertos) Limestone '
L] A__ Aline of hydrogeologic section E. ESTIMATED THICKNESS OF THE FRESHWATER LENS WITHIN THE UPPER AQUIFER
_H_ Conlfining unit Cibao Formation
Southern extent of rocks of Middle Oligocene to Pliocene age
I Lower aquifer Tc Undifferentiated Cibao
Contact
I Basal confining unit Tar Quebrada Arenas Limestone and NC
Rio Indio Limestone Members 1. Well and identification number
_H_ Insufficient data, extent of lower
aquifer is uncertain Tm Montebello Limestone Member
4w m 67°15' 67°00' 66°45' 66°30' 66°15' 66°00' 65°45'
A 3 g
WEST 2 = £ ! ! ! !
METERS 5 R m - 5 wb. O . ATLANTIC Puerto OCEAN
500 3 > 3 3 3 S g EAST 18°30° — - —
) E £ m S - g 3 E _mm_m ....... Punta
3 S @ =5 o ° s = O e T e ¢ T tamuy % T e — Salinas
Ta N Tq S Ta aqufa Tq Tq & T 9 Ta 2 = © © < < T A S o, ety ! Laguna La g
ZO“._‘_ D‘: T o W?(: S Qu M_CNMBO.CQQ 9 au ._”.nt mm Ta _ i a A T % mm Qa ,D,nm % Arecibo } oo, not e Torrecilla Punta Vacia
Sea level — —— == : e - — Sea level s Candl, ST
guadilld==—%———______
1000 kS TR 22 A " gpp—— 3 R el —F5 060 g WIRNAITT-00—— ——  ———— L G BAIA— 0 N o JJUAN <R A
Cibao Formati i : e
500 rmation (undiferentiated) L \ . - \)Lunm::n
2,000 ’ > i 8 Sarrdlose -
Punta 4 ./Al: ||||||| Rio Piedra
Higuero ) R SN
VERTICAL EXAGGERATION X 8.1 Geology modified from Ward and others, this report 3000 > A .ﬂ @ Florida [ 5 v
) , guada K . J 2z S e Np
H_u w a_o a_m N_o KILOMETERS RICON AGUADA FLORIDA (- . S ® 3 {>.O_|_Z> o,,uo i
I T T L Southern extent of ALTA ﬁ& BAYAMON W, c ¥ it RIO
0 5 TOMILES Rincen upperaguitr - "% =) S GRANDE
VA Z tagolos [ © (TRUJILLO z
A. SECTION A-A' SHOWING PRINCIPAL AQUIFERS AND CONFINING UNITS OF THE NORTH COAST LIMESTONE AQUIFER SYSTEM O F o) Lago de % ALTO
™ la Plata (o) &
- 0 2
ANASCO 0 Q CIALES nes® iy &% Lago de o
Rio Grande UYUADO oﬁo COROZAL !./hoﬁs
< NARANJITO . GURABO
) Q9 CANOVANAS
\ Lago JAYUYA & CAGUAS
| | DQSE:% . AGUAS-BUENAS _ NAGUABO
18°15'
Base modified from U.S. Geological Survey 1:100,000 quadrangles:
Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS
67°15' 67°00" 66°45' 66°30' 66°15' 66°00' 65°45' “ _ T _ _ T _
_ _ _ 0 5 10 MILES
w0 omoT TR ATLANTIC B EXPLANATION
| S Punta I Area of outcrop ——— Southern extent of rocks of Middle Oligocene to Pliocene age
s =
H Q
\\\\\\\\\\\\\\\\\\\ I Sainas Laguna la —100---  Structure contour—Shows altitude of the top of the middle confining ——---? Contact— Dashed where approximately located, queried where uncertain
13 DILLA w*§\n\_.\mum.>.mm._v> Tearracili Punta Vacia unit. Dashed where approximately located. Contour interval 100
C w\11|1nm,\.»n§m,z\1;., e S Talega meters. Datum is sea level ° Well control point
AT et Semmm 30
P P \\\\M\,\,lu “ Laguna de
g, WL =< Pinories F. TOP OF THE MIDDLE CONFINING UNIT
llllllllllllllllll \\||ullll
Punta o~ N T S T TN T 0 e L Aoy S LRl L TRy ST s T ) L O~ RioPmUTET > "
Higuero
Aqada JFlorida
) AGUADA
RICON FLORIDA Q % m _N_o 67°15' 67°00' 66°45' 66°30' 66°15' 66°00' 65°45'
Rincon NS ) [ [ [ [
‘ Lago las & TRUJILLO = GRANDE
Curi IS
AR s ol ATLANTIC OCEAN )
, %,
\ Punt.
ANASCO Q CIALES yes® : Lago de S S
Rio Grande QQ CQC>_UO 2 COROZAL N Laguna La ;
BQ.wOO _l>—uﬂmm « —/—>—nﬂ>—/_L_|_|o mC—nﬂ>wo >oc>c=l_l> Tl:n:u&_m>wm_l> Torrecilla Punta Vacia
: Lago JAYUYA & M CAGUAS CANOVANAS ey Cangl, T g
_ _ DOQOE.:Qm AGUAS-"BUENAS _ NAGUABO o _ Laguna de
18°15' S
Base modified from U.S. Geological Survey 1:100,000 quadrangles: Modified from Renken and Gémez-Gomez, 1994 Pinores
Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS
| | _ | L ] v_r~Laguna
0 5 10 MILES MQ:.%%WA)JN
EXPLANATION i
Higuero s e
Outcrop or shallow subcrop of upper aquifer Florida S
Aguada ° I —
. — J 0
—15---7 Potentiometric contour—Shows altitude at which water would have stood in tightly cased wells open to the upper aquifer between RICON AGUADA FLORIDA ALTA \ 2 BAYAMON n_.nu v AROLA b tm RiO
1980 and 1990. Dashed where approximately located, queried where uncertain. Hachures indicate depression. Contour interval, Rincén % 7 2 % g
in meters, is variable. Datum is sea level ° MOROVIS Pa 2 Lago las O (TRUJILLO W GRANDE
Curias
Lago d Y
Southern extent of rocks of Middle Oligocene to Pliocene age ) %wﬁwﬁw anv - ALTO awo
- \ WO %
——---? Contact—Dashed where approximately located, queried where uncertain ANASCO ) Q CIALES peg™> COROZAL S hme de
Rio Grande { UTUADO %oﬁo NARANJITO = oz
° Well—Control point ) GURABO CANOVANAS
: Lago M CAGUAS
A Surface-water measurement site - _ | , DOQO:E% ' AGUASs"BUENAS _ NAGUABO
6 3 A e . Base modified from U.S. Geological Survey 1:100,000 quadrangles: Data from Torres-Gonzalez, written commun., 1991
o~ Spring and identification number—See table 1 Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS
| 1 ! ! ]
f T T
B. ESTIMATED POTENTIOMETRIC SURFACE OF THE UPPER AQUIFER (AVERAGE CONDITIONS BETWEEN 1980 AND 1990) 0 5 10 MILES
EXPLANATION
Transmissivity, in meters squared per day ——— Southern extent of rocks of Middle Oligocene to Pliocene age
D Less than 100 I Greater than 10,000 ——---7 Contact—Dashed where approximately located, queried where uncertain
I 100 to 1,000 D Insufficient data ° Well control point—Transmissivity, in meters squared per day
B 1,000 to 10,000
67°15' 67°00° 66°45' 66°30' 66°15' 66°00' 65°45'
_ _ _
ATLANTIC G. DISTRIBUTION OF TRANSMISSIVITY IN THE UPPER AQUIFER
18°30' — —
Punta )
Extent of lower|aquifer is unknown 30 Salinas 5
d.\\c-\g.__ Laguna La
%DCDU:L:D ﬁ::o%&_MDWm_LP uebradillas Tzl Punta Vacia
1 A- L .
o | de
\\\\\\\\ Laguna de
(o 3 Pinories
67°15' 67°00' 66°45' 66°30° 66°15' 66°00' 65°45'
_ _ _ _ _ _
,,,,, . ATLANTIC Puerto OCEAN
18°30" — Nueve ]
Punta Punta
Higuero Salinas
Adiada Laguna La 5
RICON ! AGUADA o AQUADILLA ﬁ:.zo_.t&_m>mm LA Torraailia Punta Vacia
Rinco W ~ & () RiO oy Canaly AT e
JRincén > S g e
L I 5 = GRANDE Laguna de
W dgolas | © (JRUJILLO g Finones
ALTO
la Plata Qvo 5 ano
~ A "z
CIALES neg®© - K% Lago de O
pAseo Rio Grande ¢ s COROZAL  Loiza N N N0 Sty e T s Y oy — — N e NN O T e LYY N A e e e
\ Lago JAYUYA D,nm M/ CAGUAS CANOVANAS Higuero Southern extent of . (o_@o ” ‘
| | Caonils AGUASSBUENAS | B jiouada e . ) = h> OLINA
18°15' . — S
Base modified from U.S. Geological Survey 1:100,000 quadrangles: Modified from Renken and Gémez-Gomez, 1994 RICON AGUADA FLoRibA ALTA M\w c v = N‘O
Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS Rincén ) v, »W 3
Hinco : Z nal I X GRANDE
“ | — L ) s 2 hm%.am O (TRUJILLO g
0 5 10 MILES Lago de .mv ures ALTO
EXPLANATION - CIALES wea® P . S Lagod e
. Lago de
Outcrop or shallow subcrop of lower aquifer ANASCO Rio Grande © e COROZAL ~HA__ Loiza
= o LARES /& N NARANIITO ™ GURABO
—15--- Potentiometric contour—Shows altitude at which water would have stood in tightly cased wells open to the lower aquifer before development. ) Lago f avuva & ﬁ/ CAGUAS CANOVANAS
Dashed where approximately located. Contour interval, in meters, is variable. Datum is sea level | | , /i Zaonillas . AGUAS."BUENAS | NAGUABO
|||||| Limit of cave system 18715 Base modified from U.S. Geological Survey 1:100,000 quadrangles: Data from Torres-Gonzalez, written commun., 1991
Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS
Southern extent of rocks of Middle Oligocene to Pliocene age f ! T ! L J
0 5 10 MILES
——---7 Contact—Dashed where approximately located, queried where uncertain
EXPLANATION
° Well—Control point Apparent hydraulic conductivity (K'), in meters per day ——— Southern extent of rocks of Middle Oligocene to Pliocene age
A Surface-water measurement site D Less than 30 ——---7 Contact—Dashed where approximately located, queried where uncertain
¢ Spring and identification number—See table 1 I 30 to 300 0 Well control point—Transmissivity, in meters squared per day
C. ESTIMATED PREDEVELOPMENT POTENTIOMETRIC SURFACE OF THE LOWER AQUIFER B Greater than 300
D Insufficient data
H. DISTRIBUTION OF HYDRAULIC CONDUCTIVITY IN THE UPPER AQUIFER
66°45' 66°37'30" 66°30° 66°22'30"
[ [ [ I EXPLANATION
18°30" — —
> N‘ H\ > 2 N.. N O O O m > 2 Outcrop or shallow subcrop of lower aquifer
\\\\\ 67°15' 67°00' 66°45' 66°30° 66°15' 66°00' 65°45'
' (e Tibur mhw,m,m\.\u// —15--- Potentiometric contour—Shows altitude at which water would have [ [ [ [ [ [
.. a0 V\,\yu,\u,.u S stood in tightly cased wells open to the lower aquifer in 1987. Dashed
LS where approximately located. Contour interval, in meters, is variable. 1830 L— Punta } N., H. > Z N., N O Puerto O O m > Z —
, Datum is sea level Perion
Punta @
o Selfines Isla de =
|||||| Limit of cave system o — Lag La
AQUADILLA Princip N_m.PW_m_|> Quebradillas Arecibo ozl Punta Vacia
. . . \Princir - e
} Nz H\ > 2 Hz N Q O ﬁu m > 2 Southern extent of rocks of Middle Oligocene to Pliocene age S Oo:& o i de Tortuguero alega
. . T T O, Vega Baja. L d
Contact—Dashed where approximately located JAguadilla /,,\.om»,@. ga baj MMMMMmmm
° Well—Control point Vega Alta
- St. 6 . S e : Nons mne, maman oS
North Coast ground-water province ol de. John — - Spring and identification number—See table 1 ol TERED St D B o o e N .y
fess ﬁwﬁﬁ <3 Punta CENRTNR | T o S S e s L CTRrry (v Wiy —~— B ST Ser A S At s
. + e YN ey . s AN U . A e SR SR < 8
Isla Puerto Rico Thomas Higuero —/ R A Ve & 7 A== s Gan L an i (R Y T GEEENY S e
Mona e ) e TerY i e N O
) % RioEncantado T ORI OERASHAN A s = O s e s e o e e S B ek it .
Islade | A RTINS / ADdsBocasy 0 o o ey N b 200 e \N\NGA 0 ANCNL T N T T Ny S S e S an Sehast A e O A T T T T T S T e e O R (kS g 5 m (o)
Vie cave system . i ——a oy SR A e e A\ Dos e N s e Ny ) Rl
ques o Rincon ~ 0w N TV N®Yy Ty S N NG s R N\ VN S,
- ° el S RO E AT Y N e Ty ) o B Ay gLp S N PQ@ o las TR CL IL _IO Wv m x> —/— U m
stcroix | b= N Ll )T\ R M Ve & v N T = /s LN e T e ) M e N N e R > e ) e v Curias =
o X L L L L LT SRR LTS SRR L LR LRI Ve STt o PQ@O de >_l|_|o
nv\u e -~ la Plata awo
N aro Lago de °
Q > m N m m m > 2 m m > ) ANASCO Rio Grande C%C>_UO O_>_Momm2® COROZAL _ Loiza
o = (9] <0 Z>W>ZL_._.O % QC—N>WO
IS °© ; S CANOVANAS
5 Lago JAYUYA o CAGUAS
9 Lago & 2 Caonillas AGUAS-"BUENAS NAGUABO
Caonillas .al.w 18°15" _ _ D _
i N = Base modified from U.S. Geological Survey 1:100,000 quadrangles: Data from Torres-Gonzales, written commun., 1991
18715" 1= 2 - £ g S . Arecibo, 1980, unpublished, and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS
< 5 3 | | _ | L ]
N 0
5. 0 0 5 10 MILES
R S N\M\ ﬁ.,//om. R O\,ooo
- o2 % EXPLANATION
NS N ) e d I UURIUNU I VY IO s dtmmm e,
o no\m ® Lago de Transmissivity, in meters squared per day “=---= Area of outcrop or shallow subcrop
| X5 =, | Marulias Looc T T
Base modified from U.S. Geological Survey Modified from Renken and Gémez-Gomez, 1994 D Less than 50 —— Southern extent of rocks of Middle Oligocene to Pliocene age
1:100,000 quadrangles: Arecibo, 1980, unpublished,
and Humacao, 1979, unpublished 0 5 10 15 20 KILOMETERS I 50 to 100 ——---? Contact—Dashed where approximately located, queried where uncertain
| 1 I 1 ]
H__ __._ d_o MILES I Greater than 100 ° Well control point
D Insufficient data

D. POTENTIOMETRIC SURFACE OF THE LOWER AQUIFER IN THE AREA OF GREATEST DEVELOPMENT
(RIO GRANDE DE ARECIBO TO CIBUCO) SHOWING AVERAGE CONDITIONS DURING 1987

I. DISTRIBUTION OF TRANSMISSIVITY IN THE LOWER AQUIFER

HYDROGEOLOGY AND HYDROLOGY OF THE NORTH COAST LIMESTONE AQUIFER SYSTEM, PUERTO RICO

By
Robert A. Renken, Fernando Gémez-Gémez, and Jests Rodriquez-Martinez
2002



