
TEXT 

Introduct i on 

The Capitan aquifer of Perm ian (Guadalu pian} age is an important 
source of the ground water used for mun icipal, industrial, and agricu l~ 
tura l purposes in the vicinity of Carlsb<id, N. Hex. In <1ddition, water 
pumped from this aquifer in southern Lea County , New Mexico , and Winkler 
and Ward Counties, Texas, is injected into other rese rvo i rs by oil compa­
n ies to increase the r ecovery of petro l ellll from partly dep l eted oil fie l ds 
(Hiss, 1971) . A knowledge of t he dimensions of the Capitan aquifer in 
southeasl. New Mexico and west Texas will be useful in programs des i gned 
to manage this important resource . The ITidp dep i cting the position and 
thickness of the Ca p itan aquifer >~i l l also be helpful to petroleum compa­
nies who may wish to control "lost circulation" while penetrating this 
porous and permeable unit as they explore for oil and gas in u nder l y i ng 
strata. 

The Capitan aqu ifer 

For all practical purposes , the Cap i tan aqui fer is a llthosome that 
inc l udes the Capitan and Goat Seep Limestones and most or al l of the 
Car l sbad faci es of the Artesia Group as recognized by Meissner ( i 972) and 
herein used for the near she l f - edge carbonate f acies of the Artesia Group . 
Some o f the s helf-marg i n carbonate banks or reefs in the upper part of 
the San Andres Limestone are inc l uded within the Capitan aquifer whenever 
they cannot be readily distinguished from th e Go<1t Seep Limestone and 
Car l sbad facies. 

The posit ion and di mens ions of the Capitan aqu i fe r closely ag ree 
o.lth the Capitan and Goat Seep Limestones and porous and permeab l e shelf­
margin li mes t one and do lomite members in the San Andres Limestone (Silver 
and Todd , 1969, figs. 12 and 13) . However, observations of the geometry 
and lithologic relationsh i t>s of the shelf -ma rgi n and shelf s e dimentary 
rocks in the field s uggest tha t the width of the Capitan Limestone is 
conside rably less than is usually shown by others who have mapped this 
stratigraphic reef. The relationships between th<:" now obsolete Carlsbad 
Limestone and Capitan Limeston<:" <:'Xpressed by Dunham (1972, fig. 1- 1) 
appear to more closely match the field relationships observable i n t he 
vic i nity of Car l sb<Jd and White City, N. Mex. 

The Capitan aquifer is generally composed of r elat i vely " clean" 
carbonate rock, especially near th<:" fore- reef edge . The radioactivity 
recorded on a gama- ray electrical log of the Capitan and (or) Goat Seep 
Limestone is cha ra ct e ristical ly very low as shown in stratigraphic sec­
tions A- A' and EI - B'. 

Th<:' tops and bases of the Capitan aquifer were determined primarily 
on the basis of the v<:'rtical extent of the re l ativ<:"ly "clean" carbonate 
rock as indicated by the low ganma - ray activity levels shown on the elec­
trica l logs , and the general st ratigraphic position . Lithologic logs , 
oil field scout formation "tops," report of lost circulation, and ot her 
info rmation were used whenever ava i lable to conf i rm these determinations. 
Zones containing 50 pe r c ent or less of in terbed ded ba ck or fore- reef 
lithofacies were Included with t he Capitan aqu i fer as a matter of con­
venience; therefo re, the net aggregate thickness of the Capitan aquifer 
may have been increased slightly by this arbitrary procedur<:' . 

lt is often d iff ic u l t or imposs ible to distinguish between other 
reefs and carbo na te mounds i n the back- reef sedimentary rocks and the 
C<Jpltan and Goat Seep Limestones so ley on the basis of the responses 
recor ded on ga iTill a-r ay, sonic, and neutral electrical logs. Adjacent 
units shelfward f rom t he Capitan and Goat Seep Limestones in the Carlsbad 
fac i <:"s of the Artesia Group are includ<:"d as part of this aquifer whenever 
Bithe r the chemical ccrnposition of water, the water - level declines, or 
th<:" natural readiaactivity in the adj acent units are si milar to that in 
the main aquifer (Hiss, 1973 and 1974a) . 

Units previously desc ri bed as reefs of YJtes or Seven Rivers age, 
pa rt of the Grayburg Formatio n, and the she lf- margin carbonate banks ln 
the upper part of the San Andres Limeston<:" are considered to be part of 
the Capit<1n aquifer whenever they cannot be distinguished as separate 
entitles and the water quality, electrical log characteristics, or 
hydraulic response justify inclusion. 

Dimens ions of the Capitan aquife r 

Determinat ion of extent and thickness 

The locations of nearly 400 we i I s that hav<:' been dr i lled through the 
Cap i tan aquifer within the project area, a l ong with the corresponding 
th i ckness of the Capitan aquifer penetrated in each we l l , are p lo t ted an 
this map. Gamm<~ - ray-son i c , gamma- r ay - neutron, or oth<:"r combinations of 
electrica l logs of the Cap i tan aquife r inter val were obtained for nearly 
all of these o.e l ls . Li thologlc logs were ava il able for approx imately 
15 percent of the we l ls. 

Latera l extent 

The Capitan aqu i fer para l lels the no r th and east margins of the 
Delao.are basin in an arc uate st r ip extending f r om the Guada l upe Mountains 
southwest of C<Jr l sbad, N. Me.>!. to the Gl ass Mountains southwest of 
Fort Stockton, Tex. Outcrops of the Cap i tan Li mestone have been found 
in the Glass , Guadalupe, Apache. and Oelaware ~untains. Undoubtedly it 
i s present e l sewhere In the subsurface a l ong the west and southwest 
margins of the Delaware basin . 

As shoWil on the map , the Capitan aquifer Is orre continuous unit along 
the north and east margins of the Delaware bas i n. Major displacements of 
the Capitan aquifer by faulting appear to be l imited to the mountainous 
a reas along the weste r n and southern parts of the De laware basin. Faults 
have not been observed in the subsurface a l ong the western edge of the 
Cent r a l Basin platform and the southern edge of the Northwestern she l f. 
The lrregul<Jr top and bottom su r faces and the lobate fore and back-reef 
edges are deposi t ional fo rms (map and stratigraphic sections A- A' and 
B- B' ). What might appea r as a majo r late r al displacement of the Capitan 
aqu i fer in the vicin i ty of T.23 S. , R.25 E., approximate l y 15 miles (24 km) 
southwest of Carlsbad , is not a post - Capitan age fau l t. Th i s shift In 
position is probably due to growth of the Cap i tan reef a l ong a 
pre- Guada l up i an age faul t-contralled <Jl ignment of the Delawa r e basin 
(Hi l ls, 1963, p. 1715 ; and 1970). 

The width of the Capitan aquifer ranges from about ID to rrore than 
14 mi les (16 to 23 km) a long the edge of the Northwestern shelf f rom th<:" 
vlclnlty of Carlsbad to the CMtral part of southern lea County , New Mex i co. 
The Capitan aquifer is much mo re restric ted along the western edge of the 
Central Basin platform , where it selo;Jom exceeds 11 miles (18 km) in width. 

The fo re -reef edge o f the Ca pitan aquifer appears to be re l ative l y 
steep throughout the a r ea . If e:o;posed, this ab r upt slope would undoubtedly 
resemble the reef escarpment southwest of Ca r lsbad in the Guada l upe Moun­
tains (Green and othe r s, 1964 ; Newe l l <Jnd others, 1953). >~ell cont rol is 
adequate for definition of the fore - reef slope of the Cap i tan aquifer at 
several locations in t he subsurface . App r oximate l y 1 ,200 fee t (36& m) of 
vertica l relief along the fo r e·reef edge of the Capitan aqui f er was 
detected in two oil tests dril l ed wi t h in a few hundred feet of horizontal 
d i stance in sees. 5 and 9, T.22 S., R.33 E., Lea County, New Mexico 
(M<:"issner, 1972, plate 11 ). Simila r evidence of the r<:"lative steepness 
of the fore-reef s ide of the Capitan aquif<:"r can be obtained where deep-well 
drilling is concentrated in the newly discovered gas fields i n the v icinity 
of Pyote, Wink, and Fo r t Stockton in Wi nkler, Ward, and Pecos Counties, 
Texas, respectively. 

The back- reef edge of the Capitan aqu i f<:"r is much rro:>re i rregu 1 a r 
than the fore - reef edge and i s grallational . In some areas, especia ll y 
along the western edge of the nor ther n part of the Central Basin platform, 
i t i s difficult to d i stinguish the Capitan aqu i fe r f rom the upper part 
of the San Andres Limestone. In this area the Capi t an aquifer has been 
extended to include the stratigraphic reef fac ies of the San Andres Lime­
stone because of the proximity, similar 11 tho l ogy, and hydrau l ic behavior 
of the two units (strat i graphic section B- B') . 

Thickness 

As I s read i ly observed from the map, the th i ckness of the Capitan 
aquife r is quite variab le. The Cap itan aquifer a ppea rs to be com,ased of 
irregular l y shaped and spaced thick accumu lations of carbonate rock 
alte r nating with thin ner units composed of similar materia l . Many of the 
locally thick a r eas are behind the reef front and may r ep r esent the 
carbonate banks, is l ands, o r mounds which flou r ished beh i nd the protection 
of the reef crest (Kendall, 1969 , p. 2509 and pls. 2 and 3). Motts (1968 
and 1972) has mapped and desc r ibed both c ur re nt-o ri ented and i rregul<J r ly 
ori en t ed "shelf dome" ca r bonate mounds in t he vic i n i ty o f Dark Canyon 
southwest of Ca r lsbad, N. Mex. 

A nlXllber of small o i l fie l ds located a l ong the trend o f the Capitan 
aquifer are apparently localized on ca r bona t e "buildups' ' that have been 
referred to by Sti pp and Haigler ( 1956) as " r eef knobs" interspersed 
between "surg<:' channels." The majority of t hese carbonate mounds or 
"buildups" are al so locatell within the thick areas showro i n the Capitan 
aquifer thickness map . The Capitan aquifer attains a known m;~ximum 
thic kness of 2,357 feet (718 m) in t he Dd<:"ssa Natural Gas Federal Dooley 
wel l located on one of these mounds in s ec. 24 , T.20 s ., R.29 E. , abou t 
13 mi l es (21 km) northeast of Car l sbad . 

Hiss ( 1974b) h<Js identified several of t he most prominent l i near , 
thin areas or i ented transverse to the arcuate main trend of the Capitan 
aquifer as submarine canyons. The submarlM canyons are contemporary 
in age to the reefs that comprise the Capitan aquifer . 

The Capitan aquifer is slightly th icker along the edge of the 
Northwester n s he l f i n Neo. M<:"xico than in Texas. ln addition, t he areal 
extent of the t hi ck areas is cor r espondingly larger. These differences 
probab l y reflect the shape of the structural framewo r k of the Delaware 
basin at the time of the deposit ion of the Cap i tan ;~qui fer. The more 
extensive reefs were developed alo ng the margin of a braod , shal l ow 
she l f on the nort hern part of the b;~sin, whereas narrow , linear reefs 
grew along the faulted western margin of the Central Bas i n p l atform . 
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