
im i.

Form 9-014

UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

POSSIBILITY OF DEVELOPING A SUPPLY OF GROUND WATER
AT THE CAPULIN MOUNTAIN NATIONAL MONUMENT,

UNION COUNTY, NEW MEXICO

W. D. E. Cardwell 
Geologist

Prepared in cooperation with the 
NATIONAL PARK SERVICE

September 1958

Open-file report 
Subject to revision

S!uivey

U. S. GOVERNMENT PRINTING OFFICE 1ft  68863-2



United States
Department of the Interior 

Geological Survey

a ^-i-LY OF GROUND WATER / " "^ GAPULIN
MOUNTAIN NATIONAL MONUMENT, UNION COUlfrY, NL .JO

W. D. E. Cardvell 
Geologist

urvey

Prepared in cooperatioi ohe 
NATIONAL PARK SERVICE

September

Open-file report 
Subject to revision



CONTENTS

Manuscript 
page

Previous investigation:;  -   ----         --      - 6

Present investigation  ---     -                  

Veil-numbering system                ---           7

Topography and drainage   -     ____   ___      _     

Geologic formations and their water-bearing properties   

Cretaceous rockc              -      -         _-___ 15 

Tertiary rocks -            -                   lg

Quaternary rocks              -     -    ---    -- 17

ualiij' oi' vao --         --          ----        19

Conclusions  - ---     ____      _.._ -__ ._ _  J-Q



ILLUSTRATIONS

Manuscript 
page

Figure 1. Map of northeastern New Mexico r1 - ^,ic 
location of Capulin Mountain 1. .1 
Monument             -         -   ---  ;;

2. System of numbering wells in New Mexico  ---- 3

$  Location of selected wells and proposed. 
well site in the vicinity of Capulin 
Mountain National Monument, N. Mex.  ---  11

I*. Generalized areal geology in the vicinity 
of Capulin Mountain National Monument, 
N. Mex.                            10

TABLES

Manuscript
pa^e

'i'able 1. deneraiiseu. '- -'     --,hic EG,-- '-« at
Capulin Mo, vional at       12

2. Driller's log of well ^y.ix>. / -U.1
(Cornay well)                        22

$. Chemical analyses of water from selected.
wells in the vicinity of Capulin Mountain 
National Monuucnt, H. Mex.      -       -   



Possibility of F " >ing a Supply of Ground Water at the Capulin 
Mountain '...... _..u.1 Monument, Union County, New Mexico

By

W. D. E. Cardwell

Introduction

The Capulin Mountain National Monument is in the western part of 

Union County, N. Mex., about ^ - :1 ;s east of Raton on U. £. Highway ' - 1 

and about 2 miles north of the village of Capulin on State Highway 325 

(fig. l). The monument comprises the cinder cone o± ;ctinct volcano 

Capulxu rio-u.il uain ana uie surrounding area on the flanks an ;aoe 

of the mountain.

The numbt /isitors to the monument has increased significantly 

in recent years, according to Mr. Merritt S. Johnston, Superintendent 

of the monument, ana ucrease is expected to continue. The necessity 

of providing an adequate supply of -notable water for proposed  _..,. ...^  .,.,, 

picnic grounds, and headquarters buildings has been anticipated by 

Mr. Johnston and other officials of the National Park Service. It is 

expected that about to,000 gpd (gallons ^^ -.ay), or _/~ :allons per 

minute), ox' ground water of suitable quality will be adequate to supply 

the requirements of the proposed facilities. The purpose of this report 

is to describe aquifers ... -,.c eite that are capable w^. ,/± ,,-v £&,* 

of potable ground water at moderate cost.
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Figure 1« Hap of northeastern New Mexico showing the location of 
Capulin Mountain National Monument.



Previous Investigations

The possibility of developing a cupply of ground water on the 

monument has not been investigated previously. 1 , ^ic -oology 

and ground- water resources of contiguous eastern Coli'ax County was 

studied in detail by Griggs,^ and the possibility of irrigation with

/ Griggs, R. L. , 19^> Geology and ground- vater resources of 
the eastern part of Colfax County, N. Mex.: New Mexico Bur. Minec 
Ground -Water Rept. 1. _____________________________________

p 
ground vater in the Capulin area was investigated by Herrick.  '

2/ Herrick, E. H., 1951, Possibilities of irrigation in the 
Capulin area, Colfax and Union Counties, N. Mex.: U. B. Geol. Survey
open-file report. _______________________________________

Present Investigation

The U. S. Geological Survey in cooperation with the National .. -  

Service ook to youay one -jround- water resources of Capulin Mountain 

National Monument in the spring of 1958- The writer spent tvo days in 

the field in June 1958 studying the geology, collecting sample- ^ ,,^0-r 

''-:  chemical ana^ysiL;, and interviewing local residents and others familiar 

vith the area. Available data, including well logs, chemical analyses, 

and geologic oaps frou published an' unpublished repo^ ~_, ..<_.- ,^.,,^ j-xv-ely 

in ^ie preparation of this report, ilie cooperation of Mr. Merritt S. Johnston, 

National Park Service, Mr. Charles Bourne, City Engineer of Raton, S. Mex., 

and Mr. W. D. Hoivard, drilling contractor, in supplying data on veils, 

geology, and oUaer pertinent subjects is gratefully acknowledged.



Well-numbering bystem 

Wells are designated in this report troth by name (Cornay and

Morrov '.relic) and "by the synteri of numbering vater vellc in Nev" Mexico 

based 011 tiie coianon subdivisions in sectionizeu land. The veil number 

designates the well and locates it to the nearest 10-acre tract. The 

number ] ., -...«* ^eymenti:. .....__ J. J. J.__   ,_,,. .   ., .  .,   . _ _, ......ilip

north or south of the New Mexico base line; acond denotes the 

range east or vest of the Nev Mexico principal meridian; and the third 

denotes the _.^ u .i.on.

The fourth segment of the number, -which consists of three digits, 

denotes the particular 10-acre tract in -which the veil is ituated. 

For this purpose, the section is divided into four quarter:,, n^-^ered 

3 , and k in the normal reading order, for the northwest, northeast, 

southwest, and southeast quarters, respectively. The first digit of 

the fourth segment gives the quarter '-   -' '  .*.~'«v -; ~ . ..,  -i_i_y a tract 

of 160 acres. Similarly, the quarter section is divided into four 

^0-acre tracts numbered in the same manner, and the second digit denotes 

uuc <^'-acre tract, i1 inally, uie ^0-acre tract " ''-." u^u J.O-LLT 

10-acre tracts, and the third digit denotes the 10-acre tract. Thus, 

veil 29.28.3.Ill (Cornay veil), Union Coun.., in the NW sec. j,
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Figure 2.--System of numbering wells in New Mexico
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Topography and Drainage

Capulin Mountain is a symmetrical cinder cone, rising about 

1, ;X)0 feet above a nearly level plain. The base of the cone is about 

1^ miles in diameter. The plain from vhich Capulin Mountain risec is 

relieved by many cinder cones, lava-capped mesas, basalt flovs, and 

older volcanoes and is cut by tributaries of the Cioarron River to the 

north and of the Canadian River south.

Th- ^....ination of Jne plain, the rell~~, ~...~ -~ -^_.^-^.-. _-,.. _. 

to the region an appearance of an enormous eastward-trending valley 

in which obscure streams nave meandered betveen resistant, monadnock-like 

eminences. The draii.^,^ antedates a,- - .^-.^^ *,  - 4 ---" ~ volcanic 

activity but has been modified by it.



Geologic Formations and their Water-Bearing Properties 

The volcanic rocks forming Capulin Mountain are underlain by rockc 

ranging in age from Cretaceous to Recent. The oldest beds of Cretaceous 

rocks are among the best aquifers underlying the nonunent. They consist 

j.u.^u_>i.ij., -.-.-.I-. .." sandiioone separatee, by a bed of shale, 

younger rocks of Cretaceous age for the most part vere eroded away after 

their deposition and are represented only by a thin, relatively impervious 

bed oj. -uci . ' ' verlaln by a sequence of loosely consolidated 

beds of cand and gravel of Pliocene age vhich are good to excellent aquifers, 

where cufficiently thick and vhere saturated vith vater. _..  .,^~^ of eand 

and gravel are overlain by a complex of lava flows, both sheetlike and 

broken, and beds of cinders, ranging in age from late Pliocene to Recent. 

The lava flov-cinder murrtex probably -_. ,.^.,^.,,,-. ., ^ .... ^^j. -,ie 

most part, except in places where water percolating downward, through 

fissures may be trapped laterally by dikes and vertically by relatively 

iranerviouE ber . ^_aders, ash, aii^. >. ^.* »w.ucanic ejecta c- - >-'-- (1-- 

lava flow-cinder complex foam the slopes of Capulin Mountain. These deposits 

are Recent in age and are drained of ground water by reason of their great 

ripnneabi__-u. , -1 e of repose. A - ---ralized stratigraphic section 

near the picnic grounds on the monument (fig. 5) is shovn in table 1. The 

formations are described in descending order.

10
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Figure J>» Location of selected wells and proposed well site in the 
vicinity of Capulin Mountain National Monument, N0 Mex.
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Creuaceous Rocks

The lowermost aquifer at the monument that can be developed with 

reasonable economy .e Cheyenne(i) sandstone member of the Purgatoire 

formation of Early Cretaceous age. The Cheyenne(?) does not crop out 

in the immediate vicinity of the monument; it probably overlies the 

Morrison formation of Jurassic age in tiie subsurface. Logs of oil --- 1-- 

indicate the preeence of a rather typical section of the Purgatoire 

formation in the subsurface in sec. 35, T. 27 N., R. 2k E., and in sec. 5, 

, N., R. 24 E., Colfax County, N. Mex. (Griggs, 1: ^, p. 2k).

"--. ". D. Howard, water-well-drilling contractor of Raton, N. Mex., 

stated (personal communication) that he has drilled several rater veils 

in the general area to ...._ _ ,.. ..- -he Morrison formation. In theai tne 

Morrison is overlain by a bed of fine-grained well-sorted white sandstone 

(Cheyenne? sandstone member of the Purgatoire formation) ranging in 

thickness from abou. ,,  .o 70 feet and averaging about 60 fee . 

sandstone is separated from another overlying sandstone (Dakota sandstone), 

ranging in thickness from 60 to 100 feet, by a bed of black shale (Kio-.;a. 

shale member of the Purgatoire formation), ranging in uuickness froci 1^ 

to W feet.



,^.,. structure contours on top of i. , . iaactone extrapolated 

from a map by Griggs (19**- . 2) indicate a northwestward dip of the 

Dakota of approximately to feet per mile in the western nart of Union 

County. Presumably th ..! ie Cheyenne('.) is similar. The land 

surfac ,e Cornay well is estimated to be approximately 200 feet 

lower than the picnic grounds on mui'ient. The log or ~-_ Jornay 

well (taol .ndicates the top of the Dakota sandstone to be at a 

depth of ~;>yj feet belov the land surface, or at an altitude of approximately 

6,^.,0 feeL. The altitude , _ _ .. _^.v,    at the Cor.).., LI, 

extrapolated from Grig^s' uap ^l^Ao, pi. 2), is 6^600 feet a difference 

of only 10 ft, . ic top of th« Cheyenne(i) should lie :et 

belov the top of __...... .. ....^^ ^ ,^,-,. )

at uhe picnic grounds therefore should range in depth from 700 to bOO feet. 

A properly constructed well in the Cheyenne(?) may yield as much as 10C 

of water. ...._ ..    , .,.., J. J.^., ^, ,.^, ,-., .._,.,, j.n the hole.

I'he Kiow; -' ' ,ale member ic relatively impervious and would not yield 

wate



The Dakota sandstone should be penetrated completely at depths 

ranging from 650 to 700 feet below the land surface at the picnic 

grounds. . . ^o..,^ . ^^cd (personal coiamuni'.,^ .xcn) that in his 

experience ells penetrating the Dakota sandstone 

generally are smaller than those of wells tapping the Cheyenne('; ), 

a,,, v^^v welter in ''"   ^^ "<  - general.1 ' ^~~- not rite ' ..2 hole.

The sequence of uppermost Cretaceous roc: ^presented only 

by an erosional remnant -le, presumably the Graneros chale, in 

the Cornay    -1 "1  ''    ^ \ ;ecGion of shale penetrate 

Cornay wel ,'oet thick. Possibly the shal roded away 

completely in per ",hc area; in such places the Ogallala fomation 

would o"~- MnaEcone airectly.



Tertiary Rocks

The Ogallala formation in the project area consists or lensing beds of 

gravel, sand, silt, and clay that vere deposited by braided streams flowing 

generally east,.^^ ^'roia the Rocky Mountains, bile ic the predoiiinant 

constituent oi' onaation. The streams that deposited the formation were 

choked with debris eroded from the rising Rocky Mountains. .   -.aannelc of 

the stre°" r --r-- !.:kly viui une more penaeable alluvial materials, 

sand and gravel, while the less permeable materials, silt and clay, were being 

deposited on -the flood plains of the streams. Leavin^ -. ^r choked channels, 

the streams neandered ana craiaea when near grade, depositing new channel 

materials over older flood-plain deposits and new flood-plain materials over 

older channel deposits. In this manner n thick mantle of apparently 

heterogeneous cu-iuvial materials was built up. Actually the sorting and 

continuity of beds in the Ogallala formation are more consistent than nay 

appear from the results of randow test drilling, L^ ^;. ui the 

formation laay change rapidly vithin relatively short horizontal and vertical 

distances as a result of the me osition. Obviously. thickest and

jenaeable bee, _.,._ ,,- ....... ^.a the formation occupy the sites of

former channels. Undoubtedly, such channel deposi pocket alluviua 

occupying depressions in the predepositional sui'face contain relatively thick, 

perneabli. .._..__._..  ~^,^^.*.- of suppor^ ,'lls of fairly large capacities a 

few hundred gallons a minute in the project area. To penetrate a channel 

deposit in the Ogall&la with the drill would, however, be a. matter of chance. 

A well tapping the ^, ---- '' ::r«j.ore EU.GC.L yieJ.u anything from

ze, .ujaured. gallons per minute, according to the saturation, thickness, 

and permeability of the formation at the well site. The Cornay well is reported

16



to yield >0 gpm from the Ogallala, which a. .ell consists CJL' a 1 

sand and gra\v nick 

(tau.,.^. ...; . ^^   .,._,,_....  .,.- z,^jt rated --...*.__-._., ~_ -he 

picnic grounds at approximately GOO feet below the land surface.

A bed of cinders approximately 15 feet thick Immediately overlying the 

Ogallala. iui-inution, accu. ..'.^ to the log Oi -i^,; v^±^j ..^l (tabl~ . /, ^UL^ 

be expected to yield comparatively large quantities of water to veils wherever 

it is saturated with water. The permeability of beds of cinders generally is 

greubj however, . ^ai OULU,- ui         "T.bilj.-j .'u^.^ts the

probability that the bed is drained of water except where water may be 

trapped by dikes or sills.

A thick section, a'uou . :.a.'u J.IOVB or - "'"-- -sill 

complex overlies the bed of cinders. The flows are relatively impervious 

i'or the most part, and accumulation of ground water in them is unlikely.

Quaternary Rocks

The basalt flow-cinder complex of Pliocene to Recent age overlies 

the Ogallalu i'onaation in the general area of Capulin Mountain. It crops 

out in placer ,-ouped with the Recent volcanic ejecta composing the 

slop__ __  .-^__.. -.juntain. The rroup is called "volcanic rocks' on the 

geologic map (fi ' c thiclt section of the basalt flows and cinders, 

^00 to kOC' , probably is drainer ter for the most part except for 

perched zou...^ .^, -^.... ....^^ ..^,.y be tr: jy dike^ _. ..___ .

The stratified volcanic ejecta composing the slopes of Capulin 

Mountain lie above the water table, and hence, could yield no water to 

v-"1 . ~  "-""    r-oability ox ^<- ij^.-'.^., .^ .over, facile... ...., ^^.^^ _,. 

from precipitation.

17
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Quality of Water

'Hie analyses in table 3 show that in chemical quality the water 

from veil. . .>1.111 (Cornay) an . . ". (Morrov) meets the 

standards of the U. S. Public Health Service for drinking water, except 

for iron content which _ LOV. Although the vater is 

hard, the hardnc ' ' >he carbonate ('temporary') type. The water 

should be good to excellect for drinking and irrigation and good for 

other orclinarv household u:;^r..

The concentration or fluoride, 0.6 and O.b ppm (parts per million), 

is in the range considered beneficial in reducing the incidence of tooth 

dec;-.,. _.. _.._.i.drcn. Fluoride in ...... ^..^.^ug water in concentrati^.,,, ^-^er

than about 1.5 ppm IB likely to result in permanent mottling of the 

enamel of teeth of children If the water is used during the formation

o. __ ____-'

JL/Dean, H. T., Jay, Philip, Arnold, P. A./ Jr., and Elvove, Ellas, 
19^1, Domes tic ^vater and dental caries: Public Health Reptn., v. ^6.

The ^u.u.ij.uj, v.^ .,. . -.1^- .... a.;, sinilai, -. only great 

difference being that water from the Morrov well has a significantly 

greater concentration of nitrate, 9«7 ppcij than the Cornay veil, 0.2 ppm. 

Porr : ''- 1   difference results from contauiination of -  -' --- - -  r - 1-? 

Morrow well from surface sources through old and possibly leaky casing.



The similarity of the analyse; ^cresting in that they indicate 

the poccibility that the tvo wells tap the pp-->~   -- ;-~--   'ormation.

-nough the analyses are typical of those of water from the Ogallala 

formation, to designate the aquifer definitely as being Ogallala strictly 

on the basis of ehemic;_ ^~^j~^^ ... .,j.^. ii,i,./ic-. Griggr ''   

statec 'rom the Dakota saudotone in the easter; ,iers of 

townships in Colfax County is of much better chemical quality than that 

farther west in the county. /\r. ^"ir 1 nation ox cuea-Lcul analyses in 

Griggc 1 report (19^>) shows that many saciples of water from the Dakota 

sandstone in eastern Colfax County are similar in chemical quality to 

those from the Com  ?.. .« - ,

A properly constructed well at -the picnic grounds of Capulin Mountain 

National Monument probably would be capable of yielding , ,^  ,,_ ...  - .. .-- 

i c,er.

 i'he base of the Cheyenne(?) sandstone menber of the Purgatoire 

formation should be reached at a depth ranging from 700 to -~~ ^cco. Jhe 

Ciit-., ov«iioj.aj_iy ic one best aquifer in the area. The water should 

be of good chemical quality and under enough artesian pressure to rise in 

a veil perhapc as much ae 100 feet. ._  ,.,.,^ <; "'~ ~"  '  -- 

aquifer, however, would add to cost. : installation. If shallower 

aquifers prov, - capable of yielding water of suitable quality in 

sufficient amounts, the Cheyenne(?) could be eliminated frc .her 

consideration.



The base of the Dakota sandstone should be reached at a depth 

ranging from 650 to 700 feet. It is unlikely that vater in the Dakota 

j.^. u.t.j.v.^ .-u.oo.,^,1  <   -  presbur ' ioe very far in a well. Even 

though water in the Dakota probably is of good quality, the formation 

can be eliminated from further consideration if an ample sup],,., ~.~ .^~_... 

proves to r ~ ~"ailable froiii shallower aquifers.

The base of the Ogallala formation should be reached at depths 

ranging from 500 to 600 feet. The Ogallala :vd.rht yielc .._. <_,..eater 

quantities "" than the Cheyenne(t) sandstone member. The 

vater is not likely to be under much artesian pressure. Tt should be of 

good chemical quali;,,. Jornation nay contain ^^ ^.^...u^ 

in the area capable of yielding moderate to large quantities of water to 

veils perennially.

The possibility of obtaining vater .....«..,.. ..^unrated cinder;- ^± i. 

lava flows above the Ogallala formation shoul be overlooked, i: 

possible that water of suitable quality and sufficient quantity nay be 

available? locally at compa^,,^..--,..,, ' 'l ---v depthr -' :;iuer ±3 trapped 

by impermeable rocks and 'the reservoir so formed is capable of being 

recharged at substantial rater.. The location of such bodl jerched 

ground water coui... .^- ~-.- ,..],--_- -,-- d.rill^i\ er.
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Table ;-.--Driller's log of well 29.28.3.111 (Cornay well)i/ 

Drilled by W. D. Howard, completed 3/12/58

TMcknenr D

Volcanic ejects

Lava flow, broken; contains boulders      12 16 
Cinders, black                      25 41 
Lava flow                          4- 45 
Cinders, black to brown               16 61 
Lava flow                          11 72 
Cinders, red (o )                 7 79 
Lava flow (crev._, .  ;. 89 feet, less of

drilling fluid)                    10 89 
Lava flow, very hard (crevice at 98 feet,

loss of drilling fluid)              9 98 
Lava flovs (crevices at 109, 113, 119,

1.15, 131 and 135 feet)              61 159 
Lava flow, broken                    3 162 
Cinders, gravel size (water bearing)      6 168 
Cinders; contains layers of yellow clay    17 185 
Lava flows (crevice at 196 feet)         22 207 
Lava flow, very hard (l-J to 2 hours per

foot)                         38 245 
Lava flow, very hard, light gray to white.

(Seepage of water at 24.6 feet)         5 250 
Lava flow, very hard (ranging from 2 hours

35 minutes to 4- hours per foot)        35 285 
Lava flow, medium hard                 6 291 
Cinders, brown                      13 304

Ogallala formation
Clay, brown} contains gravel            325

Gravel, coarse                       2 336 
Sand and gravel                     12 34-8

Graneros(?) shale
Shale                             4 352

Dakota sandstone
Sandstone                        7 359

Formational names added by v . D. '£. Cardwell.
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Table 3. Chemical analyses of water from selected wells in the vicinity
of Capulin Mountain National Monument, N. Mex. 

Analyses by Geological Survey, United States Department of the Interior

Laboratory number

Date of collection ...............

Silica (SiO2) ....................
Iron (Fe) , dissolved \J ..........
Iron (Fe) , total .................
Manganese (Mn), dissolved I/ ... 
Manganese (Mn) , total ..........

Calcium (Ca) ...................
Magnesium (Mg) ................
Sodium (Na) ....................
Potassium (K) ..................

Bicarbonate (HCO3) .............
Carbonate (CO3) ................
Sulfate (8O4)....................
Chloride (Cl) ...................
Fluoride (F) ....................
Nitrate (NOS) ...................

Dissolved solids 
Sum ........................
Residue on evaporation 

at 180°C..................
Hardness as CaCO3 .............

Specific conductance

*t TTpH ............................
Color. .........................

38843

A/T o/ed

25

-

33
1 0-Lo

29f^. /

7 0
f   VJ

225
0

29
10

2  *~

o£o<.t>J 

272
156

0

430
7 1
' . X

388^2

r/-\ O/cO

33

-

32
-i rt

36
5.1 

217
0

35
13 

.6
Q 7/   ' 

289t-.^' /

272
154 

0

J CO45.5
8 0,(L

I/In solution at time of analysis.
Lab. No. 38843 - Stock well; 29.23.31.111 (Cornay); depth, 359 ft.; Diam.,

10 in. to 336 ft., 6i in. to 359 ft.; cased to 351 ft.; 
date drilled, 3/12/58; Point of collection, discharge 
pipe; 1JBF, Ogallala(?) formation; WL, 324 ft. below" 
land surface} yield, 35 e-pm bailed; temp., 59° F.

Lab. No. 38842 - Stock well; 29.28.7.421 (Morrow); depth, 130 ft.?; Diam.,
6 in(?)j date drilled, prior to 1920; point of collection, 
discharge pipe; WBF, Ogallala(?) formation; WL, 107 below 
land surface, rept.; yield, 1 gpm, estimated; temp., 80° F.; 
Remarks, water probably heated in discharge pipe   well 
pumping very small amount of water at time of collection.
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