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INTRODUCTION 

The  Animas  Valley is a  closed  basin  located  in  western 

Hidalgo  County,  southwest  New  Mexico  (fig. 1). The valley is 

approximately 80 mi  long,  lying  between  the  Mexican  border  and 

US highway 70. The  width  of  the  valley  varies  from 6 to 12  mi 

along  its  length. 

Problem  and  purpose of study 

The  central  part  of  the  valley is an  important  area  for 

irrigated  agriculture  (Lansford  and  others, 1980) and  is  the 

site  of  the  Lightning  Dock  Known  Geothermal  Resource  Area  (fig. 

1). Although  an  understanding  of  the  hydrogeology  of  the  valley 

is  important to both  the  agricultural  economy  and  the  development 

of the area's  geothermal  resources,  the  water  resources of the 

entire  area  have not been  studied  in  detail  since 1957 (Reeder, 

1957). The  Animas  Valley  is  also  an  excellent  example of a  closed 

alluvial  basin. For these  reasons the present  study  was  initiated 

as  part  of the U . S .  Geological  Survey  Water-Resource  Division's 

Southwest  Alluvial  Basin  Regional  Aquifer  System  Analysis.  The 

work is being  funded  under  contract  with  the U.S. Geological  Survey 

(WRD) , Albuquerque. 

Purpose  of  this  report 

Basic  data  compiled  for  the  Animas  Valley  study  are  being 

released  in  a  series of Bureau  Open-file  reports so that  the 

information  compiled  may be available  for  use  prior  to  the 

completion  of the final  project  report.  This  report  (OF-131) 

gives  the  basic  water-quality  data.  Bureau  OF-130  gives  the  basic 



-.. 

. .- - -. 

. .  

. .  

. .  2 

. .  
. .  . . .  

. .  
. .  . .  . .  . .  

. .. 

. .  

, .  . .  
. .  

..., ; . . .. . .  ... . . . .  
. .  



3 

water-level  data,  OF-132  will  give  the  basic  data  obtained  from 

the  drilling  and  testing  program,  OF-133  will  give  the  hydrologic 

model,  and  OF-134  will  be  the  final  report  on  the  project. 

The Animas  Valley 

The  Animas  Valley  lies  in  the  Mexican  Highlands  section  of 

the  Basin  and  Range  physiographic  province. It is  bounded  on 

the  west  by  the  Peloncillo  Mountains  and  on  the  east  by  the  Animas 

Mountains  and  the  Pyramid  Mountains  (fig. 1). The  northern 

boundary  is  marked  by  an  extensive  eolian  dune  field  just  south 

of US 70. The  southern  boundary  lies  across  the  international 

boundary  in  Mexico. 

The  climate  of  the  Animas  Valley is arid  to  semiarid  (Cox, 

1973).  Precipitation  generally  averages 10 inches  in  the  valley 

and 22 inches in the  higher  mountains.  Based  on230  years  of  data 

(1931-1960),  precipitation at Lordsburg  falls  below 5.71 inches 

and  exceeds  13.84  inches  one  year  in  ten.  Rainfall  is  greatest 

in  late  summer  and  early  fall;  half  of  the  average  annual 

precipitation  occurs  in  July  through  September.  Animas  Creek, 

which  rises  in  the  southern  Peloncillo  Mountains  and  flows 

northerly  to a point  just  south  of  the  town  of  Animas,  is  the  only 

perennial  stream  in  the  study  area.  Alluvial  fans  along  the  west 

and  east  valley  margins  are  sources  of  ephemeral  flow. 

The  Peloncillo  Mountains  consist of various  sedimentary  and 

volcanic  rocks.  Approximately 5,000 ft of  Paleozoic  strata, 

approximately 2,500 ft of  Cretaceous  strata,  and  an  undetermined 

thickness of Cretaceous  and  Tertiary  volcanic  rocks  occur  in  the 

area  north  of  the  ghost  town  of  Steins  and  south of Cowboy Pass 
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(Gillerman,  1958) . 
The Animas  Mountains  consist  mainly  of  sedimentary  rocks. 

These  include  approximately  3,500 ft of  Paleozoic  limestone, 

dolostone,  sandstone,  and  shale  and  10,000-15,000 ft of Cretaceous 

sandstone  and  shale  (Soule,  1972). 

The  Pyramid  Mountains  consist  of  a  variety  of  volcanic 

and  plutonic  igneous  rocks  (Flege,  1959).  The  northern  part 

consists of basalt  intruded  by  granodiorite.  The  central  part is 

characterized  by  pyroclastic  volcanics  and  lesser  amounts  of 

rhyolite,  rhyolitic  welded  tuff,  and  basalt.  The  southern  part 

is dominated  by  andesite  with  lesser  amounts  of  rhyolite  and  basalt. 

The valley wasthe site  of  two  Quaternary  lakes:  Lake 

Cloverdale  in  the  south  (Schwennesen,  1918)  and  Lake  Animas  in  the 

north  (Fleischhauer  and  Stone,  1981).  The  valley  is  filled  with 

bolson  and  lacustrine  deposits  of  undetermined  thickness. 

Geologic  maps  and  geophysical  surveys  confirm  the  basin-and- 

range  structure of  the area. The  valley is a  graben  and  the 

bounding  ranges  are  horsts.  Complex  folding  and  faulting  is 

apparent  within  the  mountain  blocks  and  presumhbly  occurs  in  the 

intervening  basin as well. 

Sources  of  data 

Water  quality  data  used  in  this  report  were  compiled  from 

unpublished  Master'stheses,  published  sources,  the  U.S.  Geological 

Survey's  WATSTORE,  and  data  collected  for  the  project.  Unpublished 

!laster's theses  include  Logsdon  (1981)  and  Hawkins  (1981).  Published 

sources  are  Schwennesen  (1918),  Reeder  (1957)  and  Doty  (1960). 
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MAJOR DISSOLVED  CONSTITUENTS 

Water  quality  data  were  divided  into  four  groups  based on 

area.  The  four  areal  divisions  are  upper  Animas  Valley  (latitudes 

between  31"55'  and  31°20'),  middle  Animas  Valley  without  Rnown 

Geothermal  Resource  Area  (KGRA)  (latitudes  between 32"17  '30" and 

31"55'),  the  KGRA  (see  fig.  l),  and  lower  Animas  Valley  (latitudes 

between  32"35'  and  32"17'30").  The  accuracy  of  the  water  quality 

analyses  was  checked  by  comparing  in  milliequivalents  per  liter 

the  total  major  catons  (ca,  Mg,  Na+K)  with  the  total  major  anions 

(HCO3,  C1, SO4). The percent  difference  between  the  cation  and 

anion  totals  was  calculated  by  dividing  the  difference  of  the 

cation  and  anion  totals  by  the  average of  the  totals  and  multiplying 

by  100.  Analyses with  a  percent  difference  greater  than 10 percent 

were  not used in the  piper  diagram  plots.  There  are  232  water 

quality  analyses  from  the  Animas  Valley  of  which  148  meet  the 

percent  difference  criterion  (table 1). All  of  the  water-quality 

data  are  plotted on the areal  distribution  maps  (plates 1-4). 

Contour  lines  drawn  .on  the  maps do  not  exactly  follow  the  plotted 

data  values  because  some  data  values  are  incorrect  and  some  reflect 

anthropogenic  Contamination. 

Specific  Conductance 

In  the  upper  part  of  the  basin,  specific  conductance  increases 

from  a  low of 204  micromhos/cm  in  the  southern  portion of the 

upper  valley  to  a  high  of  469'micromhos/cm  in  the  northern  portion 

of  upper  Animas  Valley  (plate 1). Specific  conductance  ranges  from 

300  to  1110  micromhos/cm  in  middle  Animas  Valley  (plate 1). The 
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KGRA possesses  the  highest  specific  conductance  values  which  range 

from  442  to  7672  micromhos/cm  (plate 1). Lower  Animas  Valley  has 

relatively low  values on the  perimeter  of  the  basin  ranging  from 

350 to 500 micromhos/cm,  whereas  in  the  center  of  the  basin  values 

between  1800  to 3000 micromhos/cm are  common  (plate 1). 

A mathematical  expression  relating  specific  conductance to 

total  dissolved  solids  for  the  entire  basin  was  determined.  Data 

used  to  define  the  relationship  consisted of  107 values.  The 

majority  of  the  data  were  located in the  middle  Animas  Valley. 

The general  expression  for  the  specific conductance,'(micromhos/cm)/ 

total  dis'solved  solids  (mg/L)  relationship  is : 

TDS = .717(SC)' - 14.2 
where SC = specific  conductance  and  TDS = total  dissolved  solids. 

Specific  conductance  values  give  an  indication  of  the 

concentrations  of  ionic  species  in  solution.  Ionic  species  in 

solution  can  create  a  salinity  hazard  to  plants.  Specific 

conductance  values  in  excess  of  750  micromhos/cm  possess  a  high 

salinity  hazard. 

Cations 

Major  cations  in  the  upper  Animas  Valley  as  shown  on  the  piper 

diagram  in  figure 2 are  calcium,  calcium-sodium,  and  sodium.  Middle 

Animas  Valley  without  the KGRA values  has  sodium  and  sodium-calcium 

as  the  predominant  cations  (fig. 3 ) .  Sodium is the  principal  cation 

in  the KGRA (fig. 4 ) .  The major  cation  in  lower  Animas  Valley is 

sodium  (fig. 5 ) .  The evolution  of  calcium  as  the  major  cation 

in  the  upper  Animas  Valley  to  sodium  as  the  major  cation in the 
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Figure  3 PIPER DIAG~RAM  MIDDLE  ANIMAS  VALLEY  WITHOUT  KGRA  VALUES ~ o3 
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Figure 5 P I P E R  D I A G R A M  L O W E R  ANIMAS V A L L E Y  
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lower  Animas  Valley  reflects  the  strength  of  ion-exchange  processes 

occurring  in  the  valley. 

The  upper  part  of the basin is narrow  and  possesses  notable 

relief.  Colloidal-sized  particles  are  usually  carried  away  from 

the  valley  center  by  surface  runoff  in  Animas  Creek.  Removal of 

colloidal-sized  particles  reduces  ion-exchange  sites  where  calcium 

ions  can  be  exchanged  with  sodium  ions.  The  result  of  the  lack 

of colloidal-sized  particles  is  the  presence  of  calcium  as  the 

major  cation. 

The  middle  and  lower  parts  of  the  basin  are  characterized  by 

low  relief  and  absence  of  a  through-flowing  surface  water  drainage 

system.  Large  thicknesses  of  colloidal-sized  particles  are 

deposited  in  the  basin.  Ion-exchange  sites  abound  resulting  in 

groundwater  with  sodium  as  the  major  cation. 

Anions 

The major  anion  in  the  upper  Animas  Valley is bicarbonate 

(fig. 2 ) .  Middle  Animas  Valley  has  bicarbonate  and  sulfate  as  the 

major  anions  (fig. 3 ) .  The KGRA has  sulfate  and  sulfate-bicarbonate 

as  the  major  anions  (fig . 4) . The  major  anions  in  lower  Animas 

Valley  are  bicarbonate,  bicarbonate-sulfate,  and  sulfate-chloride 

(fig. 5 ) .  

Bicarbonate  ions  are  derived  from  carbon  dioxide  in  the 

atmosphere,  soil,  and  from  solution  of  carbonate  rocks.  Weathering 

of  sulfides  followed  by  oxidation  yield  sulphate  ions.  Chloride 

ions  are  contributed  to  groundwater  systems  through  solution  of 

evaporite  deposits,  concentration  by  evaporation  of  chloride  ions 

in rain, and  solution  of  dry  fallout  from  the  atmosphere. 



Ground  Water  Classification 

The  upper  Animas  Valley is c iharac :ter 5zed by  groundwa .ter  with 

calcium,  calcium-sodium,  and  sodium  as  the  principal  cations  and 

bicarbonate  as  the  principal  anion  (fig. 2). Sodium  and  sodium- 

calcium  are  the  principal  cations,  and  bicarbonate  and  bicarbonate- 

sulfate  are  the  major  anions  in  middle  Animas  Valley  neglecting 

the KGRA values  (fig. 3 ) .  In  the KGRA, sodium is the  principal 

cation  and  sulfate  and  sulfate-bicarbonate  are  the  major  anions 

(fig. 4). The  lower  Animas  Valley  has  sodium  as  the  major  cation 

and  bicarbonate,  bicarbonate-sulfate,  and  sulfate-chloride  as  the 

major  anions  (fig. 5) . 
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SODIUM ADSORPTION  RATIO 

The  sodium  adsorption  ratio  predicts  the  degree to which  water 

tends  to  enter  into  cation-exchange  reactions  in  soil  clays  and 

colloids.  Cation-exchange  reactions  involving  the  replacement 

of  adsorbed  magnesium  and  calcium  by  sodium  ions  cause a reduction 

of  soil  permeability  and a general  hardening of the soil. The 

sodium  adsorption  ratio  (SAR)  is  defined  as: 

SAR = (Na+)  where  ion  concentrations  are 

J '(Ca+') + (Mg+') 
2 

expressed  in  milliequivalents 
per  liter. 

A sodium  adsorption  ratio  greater  than 18 indicates a sodium  hazard. 

Ground  water  in  the  Animas  Valley  generally  has  SAR  values 

below 10. SAR  values  increase  from  low  values  in  the  upper  Animas 

Valley  to  higher values.in the  lower  Animas  Valley  (fig. 6). There 

are only a few  SAR  values  in  both  the  middle and  lower  Animas  Valley 

that  exceed 18. 
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AREAL DISTRIBUTION OF CONSTITUENTS 

Correlation  coefficients  indicating  the  degree  to  which 

variation  in  one  variable  is  related  to  variation  in  another 

variable  were  determined for specific  conductance  versus  silica, 

calcium,  magnesium,  sodium,  potassium,  bicarbonate,  chloride, 

sulfate,  fluoride,  and  boron.  The  strength  of  the  association 

between  specific  conductance  and  the  above-listed  variables 

provid.es  insight  into  which  constituents  should  be  investigated. 

Correlation  coefficients  near 1.0 indicate  a  strong  association 

whereas  correlation  coefficients  near 0.0 indicate  a  weak 

association. 

Using  the  entire  data  base  for  Animas  Valley,  the  correlation 

coefficient  for  specific  conductance  and  silica  was  calculated  to 

be 0 . 4 7 5 0 .  This  value  indicates  a  small  association  between  the 

variables.  The  areal  distribution of silica  values  should  show  a 

different  spatial  variation  than  specific  conductance.  Plate 2 

illustrates  this  variation  and  identifies  the  input  of  silica  by 

the KGRA into  the  groundwater  system. 

The  areal  distribution  of  boron  and  chloride  shown  on  plates 

3 and 4 illustrate  the  same  spatial  variation  as  specific 

conductance.  The  correlation  coefficients  for  boron  and  chloride 

with  specific  conductance  are 0 . 5 6 2 9  and 0 . 9 3 6 5 ,  respectively. 

The  distribution  of  these  constituents  throughout  the  basin 

demonstrates  the  input of high  concentrations  of  these  species  at 

the KGRA and the  dilution  of  constituent  concentrations  along  local 

and  regional  groundwater  flow  paths. 
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WATEQF 

WATEQF,  a  FORTRAN IV computer  program  that  calculates  the 

inorganic  chemical  equilibrium of natural  waters,  was  used to 

study the physicochemical  properties  of  the  groundwater.  Inspection 

of the log  IAP/KT  values;  where  IAP = ion  activity  product,  K = 

thermodynamic  equilibrium  constant,  and T = temperature,  for 104 

water-quality  analyses  provided  information  about  which  minerals 

were  supersaturated or saturated in the  groundwater.  Calcite, 

chalcedony,  dolomite  and  gypsum  saturation  indices  were  studied 

and  figure 7 shows  the  frequency  of  saturation or supersaturation 

of these  minerals  in  the  groundwater  quality  analyses.  Saturation 

indices  were  defined  by  log  IAP/KT  values.  Minerals  were at 

saturation  when  the  log  IAP/KT  values  were  between - 0 . 2 5  and 0.25 .  

Supersaturation  was  defined  as  log  IAP/KT  values  greater  than 0 .25 .  

Upper  Animas  Valley  has  groundwater  saturated  or  supersaturated 

in  silica. The common  cement in this  part  of  the  basin  should be 

silica.  Middle  and  lower  Animas  Valley  possess  groundwater  saturated 

or supersaturated  in  silica  and  calcite  and  these  two  minerals 

should  be  the  primary  cement-forming  minerals. 

The  presence of  other  cement-forming  minerals  were  not  detected 

because  of  the  absence of  iron  and  aluminum  values in.the ground 

water  analyses.  Zeolites,  iron  oxides  and  iron  hydroxides  may  be 

other  minerals  forming  cement  in  the  Animas  Valley. 
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