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SPRINGS IN THE VICINITY CF SOCORRC, NEW MEXICO
F. R. Herr

New Mexico Institute of Mining and Technology

INTRODUCTION
Punposn aNo Scopn

The purpose of this paper is to present chemical,
hydrological, and geological data and some interpre-
tations for springs in the vicinitv of Socorro, Socorro
County, New Mexico (figure r). Not every spring
in the area covered by Figure r has been visited, but
insofar as is known few major springs have been
missed.

Arl attempt is made to relate 1,ield and chemical
content and temperature of thc watcr with the char-
acter of the water-bearing formation and structural
and topographical rclationships. Some discussion is

givcn to various types of classifications that might bc
useful. In addition, consideration is given to chemi-
cal equilibriunr relationships in tl-re systems CaCO,r-
COr-HrO and CaCO,,-COr-CaSOr-HrO.

LocarroN aNo NulrsrRlNc Svsrenr
Thc area studied is in tl-re central part of Socorro

County, Ncw N,lcxico, and is approxinately ccntcred
around the city of Socorro (figr-rre r ) . The area cov-
ers about 15oo sqlrare miles extending from the Rio
Salado on the north to the southem tip of the Ntlag-

dalena l\4ountains on the south, and fron thc N'Iag-

dalena and Bear urountains on the west to about ro
miles east of the Rio Grande on the east.

The numbering system for springs is the same
as thc well and spring location system used by the
U.S. Geological Survey in New Mexico. The method
of numbering is based on the public land survey sys-
tcm. A location number consists of four sets of digits
and symbols connected by periods. The first set is
for the township south (S) or north (N) of the
principal base line, and the second set is for the range
east (E ) or west (W) of the principal meridian. The

third set is the section number within the townshrp,
and the fourth set is the location within the sectiol.
The fourth set of numbers is obtained by subdividing
a section as shown in the diagram.

The subdivision is based on the regular quarter
scction method; for example, the NW7+ of the sec-
tion is shown by r; the SEV+ of the NW7+ is shown
b)' 14, ald the SWZ+ of the SEr/+ of the NWZ+ is

shown b,v r43. A number such as rS.zW.ro.rz3
nleans that a spring is located in the SWV+ of the
NE/+ of the NWZ+ of section ro, Township r
South, Range z West. Where the map coverage is

inadcquate or locations are doubtful, zeros will be
nscd; for example, a final three digits of 34o lrears
that the locatior-r is good only to the quarter-quartcr
scction and 3oo nlcans good only to the quartcr sec-

tion.

CrlNrars,txo VgcErarroN
'I'he climate of thc Socorro area is prcdominantly

scnriaricl with hot, dry summcrs and cool, dry win-
ters with most prccipitation occurring during thc
slunmer. Relative huuiidity is low most of the timc.
The area ger-rcrally has a period of strong winds dur-
ing the late spring and early slrmner. Temperature
cxtrerncs range from rooF below zcro or less during
the wintcrs to more than roo"F during the summcrs.
The varicd topographic relief has a pronounced influ-
ence on clirnate with a range of scmiarid in the Rio
Grande vallcy and lower areas up to nearly subhumid
on top of the Nlagdalena N4ountains.

The gcneral climatic regime of the area is illus-
trated by data fron weather stations at Socorro, Bos-
que del Apache, and Nlagdalena (U.S. Weather Bu-
reau; also see Dorroh, ry46) .The station at Socorro
is at an elevation of 46oo feet above sea level and
has rccords back to r85o, but the following statistics
arc based mainly on the period r9o5-r96r: average
annual precipitation of 8.74 inches and average an-
nual temperature of 58.5'F, with mean monthly
ranging from about 37"F in fanuary to about 79'F in
fuly. Tlromas (1962, p. 20) gives an average annual
for Socorro of ro.rz inches for r88z-r943 and Dor-
rolr (1946, p. 17) gives ro.rz inches for apparently
the sane period. The station at Bosque del Apache,
located at the south edge of the area (figure r), is
at an elevation of about 45oo feet and has records
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FIGUIU I
Spring locations in the Socorro region, New Mcxico.
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back to r85r, but the following statistics are based
mainly on the period r9o9-r96r: average annual pre-
cipitation of 7.77 inches, average annual tempera-
ture of 58.roF, with mean monthly ranging from
about 38'F in fanuary to about 78'F in July; Class
A pan evaporation for ry47-tg6r was about roo
inches a yer with evaporation taking place every
month. The station at Magdalena is at an elevatiotr
of about 66oo feet and has records back to r889, but
the following statistics are based primarily on thc
period 19o6-196r: average annual precipitation of
nearly rz inches and average annual temperature of
about 52"F, with mean monthly ranging from about

33'F in January to about TroF in July. Average an-
nual potential evapotranspiration for the period
195r-1954 has been computed to be 2.68 feet at
Socorro and z.7o feet at Bosque del Apache (Han-
tush, r959, p. 24).

One climatic feature of particular interest is the
drought in the Southwest during the period r94z-
r956 (Thomas, 196z; Thomas et al., r963). Precipi-
tation at Socorro was considerably less than potential
evapotranspiration during the period r95r-r954, and
this is probably the case in most years. Therefore,
from the viewpoint of a humid region, Socorro ancl
vicinity could be said to be under practically perma-
nent drought conditions. For a semiarid region,
however, meteorologic records indicate alternating
periods of some ro to r5 years of above average ancl
below average precipitation. A drought is then better
considered to be an extended period of less than nor-
mal rainfall. A cumulative departure curve frotn
average annual precipitation for 19o5-196r in So-

corro indicates that such a period extended from
rg4z to 1956, and a S-year moving average curve for
the same period indicates that a dry period occurred
from 1943 to 1956. The rainfall for 1956-1962 was

about or slightly below average.
The vegetation of the Socorro area is influenced

by climate and topography. Away from streams at
the lower elevations, the typical vegetation consists
of creosote, sage, and cacti with grasses. At inter-
mediate elevations, grasses are more prevalent and
pinon and juniper becone common; also scrub oak
is present. In the mountainous areas, the vegetation
trends increasingly toward conifers. Extensive groves
of salt cedar and mesquite are found along the Rio
Grande and for considerable distances up tributary
streams and arroyos. Cottonwood and willows are
found along the Rio Grande and other tributaries,
and are often indicative of springs. Aspen groves are
quite often characteristic of spring areas at elevations
inexcess of.75oofeet.

GBNnnar Guorocv
The geology of the Socorro area is discussed in

detail elsewhere in this guidebook (and see particu-
larly DeBrine et al., ry6). The rocks in the vicinity
of Socorro range in age from Precambrian to Recent
and include a diversity of lithologic types. T'he area
can be subdivided into three distinct north-south
trending belts for the purposes of this paper: east of
the Rio Grande, the Rio Grande Valley, and west of
the Rio Grande. The Rio Grande Valley is filled
with fluviatile and playa deposits of the Santa Fe
group (late Tertiary age) and the volcanics and sedi-
ments of the Datil and Baca formations (Tertiary
age). The valley also has a veneer of Recent alluvium
along stream bottoms and gravels and dunes on the
terraces.

East of the Rio Grande the rocks are mainly of
Paleozoic age with the more important units beiug
Pennsylvanian limestones and the Abo, Yeso, Glo-
rieta, and San Andres formations of Permian age.
Some Precambrian is found in the foyita Hills east
of San Acacia and in isolated patches to the south.
Some undifferentiated Mesozoic sediments mainly
of Triassic age are found in the Valle de la Parida
northeast of Socorro. A thin belt of Datil and Baca
formations is found along the boundary with the Rio
Grande Valley. Recent alluvium covers the arroyo
bottoms, and sand dunes are found at various eleva-
tions on the terraces.

West of the Rio Grande, the rocks are mainly of
volcanic origin with most being considered to be
Datil and Baca or their equivalents of Tertiary age.
These rocks include flows, intrusives, and a consider-
able volume of interbedded sediments of volcanic

_origin.A few Permian rocks are found in the Magda-
lenas. Pennsylvanian limestones are found where-the
Rio Salado crosses the southern tip of the Ladron
Mountains east of Riley, in the Lemitar and Socorro
mountains, in the unnamed hills southwest of San
Antonio, and in the Magdalena Mountains. Some
Mississippian rocks are found in the Len-ritars. Some
Precambrian is found in the Ladrons west of Riley,
in the Magdalenas, and west of San Antonio. Red-
dish gypsum-bearing silts and clays probably repre-
senting playa deposits are found along the Len"ritar
and Socorro mountains from the Rio Salado to south
of Socorro. Near the Rio Salado, these deposits are
called the Popotosa formation (Tertiary age), but
correlation is not definite further south. Weit of the
Magdalenas, sediments are found that are probably
equivalent to the Santa Fe group but are uiually re-
ferred to as the Gila conglomerate. Recent alluvium
is found along arroyo bottoms.
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The regional strike of the rocks in the Socorro area

is approximately north-south with moderate dips in
the-younger rocks and steep dips to overturning in
the older-rocks. Faulting aPPears generally to be of
the normal type with a dominant north-south trend
and a lesser east-west trend.

DnarNacn
The most important stream is the southward-flow-

ing Rio Grande which crosses the east-central-por-
tion of the area (figure r ) . All arroyos east of the
Rio Grande drain directly into it, but none has per-

ennial flow. West of the Rio Grande, all arroyos
coming from the Lemitar and Socorro mountains
and thi Chupadera Hills drain directly into it, but
none has perennial flow.

The area west of the Magdalena Mountains drairrs
directly to the Rio Grande. The east side of the N'!ag-

dalenas drains into the Snake Ranch Flats which is
crossed by U.S. Highway 6o from about six miles
west of Socorro to about four miles east of Magda-
lena. The southern portion of the Snake Ranch
Flats has nearly closed surface drainage with ground-
water drainage to the Rio Grande through arroyos
such as Nogal north of Socorro Mountain. The
northern part of the Snake Ranch Flats drains to the
Rio Salado, a major tributary of the Rio Grande by
way of La fencia creek. Some ground water probably
flows westward through San Lorenzo arroyo west of
San Acacia.

Pnrvrous INvesrrcerroNs
The only previous investigation dealing directly

with springs in the Socorro area is the work by Wal-
dron (1956). Most of the springs described and
sampled by Waldron have been relocated and sam-

pled during the present study. Various authors have

briefly mentioned springs in the Socorro area. Dar-
ton (1928) describes some springs east of the Rio
Grande; data on ground water and chemistry of
water collected during the Rio Grande foint Inves-

tigation are given by Theis (tql8)- and Scofield
(iqa8); the Socorro thermal spring has been men-

tioi,.a by several authors (Stearns et al., r937); the
,r"a north of the present area is described by Spiegel
(rqqq; 196z). The distribution of soluble and ex-

itringeaUie cations in soils near Socorro has been dis-

cussed by Hassan (1962).

AcxNowlnocEMENTs
This report is based on work performed during a

continuing program of research in ground-water_hy-
drology conduCted by the Regearch and Develop-
ment- Division of the New Mexico Institute of
Mining and Technology under the general super-

vision of Dr. E. |. Workman, president of NMIMT,
and under the direction of Dr. Mahdi S. Hantush,
chairman of the Department of Ground-water
Hydrology.

Mr. F. X. Bushman, hydrologist with the Bureau
of Mines and Mineral Resources, has been of con-
siderable assistance in supplying background infor-
mation about springs and in suggesting possible
locations. Graduate students at NMIMT made some
of the chemical analyses, did the drafting, and went
into the field with tfie author. Particulai thanks are
owing to Bruce DeBrine, Dennis Williams, and Na-
than Columbus. Dr. Zane Spiegel has been very help-
ful discussing various springs and by supplying data
collected during his work in the area. Mrs. Priscilla

]ones typed the tables.

METHODS OF CLASSIFICATION
Cnerdrcar,

. 
A simple chemical method of classification is to

give a spring a name based on chemical content. In
the present study, a name is derived from the domin-
ant ions in terms of percentages of equivalents per
million (epor) as loo per cent cations and roo per
cent anions. The criteria used for both cations and
anions are as follows: (r) if one ion is greater than

50 per cent, then that name is used, and (z ) if no ion
is greater than 5o per cent, then the ions greater than
zS per cent are given in decreasing order from left to
right with the cations coming first. For example, a

calcium bicarbonate (Ca-HCOe) water contains
more than 50 per cent calcium and more than 5o
per cent bicarbonate. A sodium calcium sulfate chlor-
ide (Na-Ca-SOr-Cl) water contains less than 5o per
cent of any cation or anion but sodium is greater
than calcium and sulfate is greater than chloride,
and all four are greater than z5 per cent. This system
is used for the chemical classification given in Appen-
dixA.

Various types of graphical methods can be used,

but a trilinear graph seems suitable for the present
study. The form of the graph shown in Figure z rvas

developed by Piper (rq++). Cations in per cent
epm are plotted in the lower left triangle, anions are

plotted in the lower right triangle, and th_e points are
projected into the central diamond. All the chemical
inalyses tabulated in Appendix B are plotted in Fig-
ure 2.

Rather elaborate classifications can be based on
trilinear graphs, but one easy and useful method is to
assign eaih analysis a binomial or decimal number
derived from the per cent calcium plus magnesium
and the per cent carbonate plus bicarbonate. For
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example, 65.2o means that calcium plus magnesium
equals 65 per cent of the cations and carbonate plus
bicarbonate equals 20 per cent of the anions. This
number has the advantage of locating the analysis
in the central diamond. All analyses used in this rc-
port are assigned a number in Appendix A.

t Cl+ NO3+F----->
ANIOilAcATtolla PERCENTAGE IN EOUIVALENTS

PER MILLION

FIGURE 2

Water-analysis diagram for springs in the vicinity of Socorro, Socorro County, New Mexico.

GEorocrcer. AND Topocnapnrcal
A rather obvious method of classification is one

based on the Iithologic character of the water-bearing
formations. Designations such as limestone springi
or volcanic springs are commonly used. Several prob-
lcms arisc in that an area may have a large number of
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rock types, or else, because of surficial material or
dense vegetation, that considerable difficulty may be

encountered in precisely determining the water-bear-
ing material. Therefore, in the present report, only
generalized lithologic terms will be used. A variation
would be to use the geologic ages or the formational
names of the rocks, but this does not seem advisable
here. A classification based on structural relation-
ships can be most useful if the relationships can be

determined. In the present PaPer, the major struc-
tural classification is fault line springs.

A topographical classification has the advantage
of being descriptive without the genetic implications
inherent in a lithological or structural classification.
Obviously, any spring can be classified in all three
categories. Topographical designations that have
seemed useful for the present study are arroyo bot-
tom, small arroyo bottom tributary to main arroyo,
and hillside,

Tnupnnarunr
The temperature of a spring water can be very use-

ful for classification purposes if a suitable range is

shown and if a large number of temperature meas-

urements can be obtained. A general assumption
made in temperature classification is that an ordinary
or "normal" spring obtaining water close to the land
surface should have a temperature close to the mean

annual air temperature. Springs having temperatures
appreciably above or below the mean annual air

temperature require further study to determine the
reasons for the anomalous temperatures.

The average annual air temperatures in thc vicirt-

ity of Socorro range from about 58'F in the Rio
Grande to 5zoF at N4agdalena to 5ooF or less above

75oo feet. Therefore, as a general criterion, an anonl-

aiy of ro"F will be considered significant, and any

spring with a temperature greater than r5" above

auerage annual air temperature will be considerecl a

thermal spring. Temperatures given in Appendixcs

B and C were usually measured with centigrade ther-

mometers accurate to o.roC.
The biggest problen of a temperature classifica-

tion is in obtaining the measurements. Ideally, a

spring should have an appreciable, unimpeded flow
and should be measured right at the point of issu-

ance. In the vicinity of Socorro, a large number of
springs have very small flows and may also be

ponded, and as a result, temperature measuretnents

ire of doubtful accuracy. Also, springs flowing in
stream beds or surface water runofi will tend toward
the prevailing air temperature.

CHEMISTRY OF WATER
ANar,vucar, Dara

Nlost of the chemical analyses listed in Appendix
B were made at the New Mexico Institute of Mining
and Technology. Conductivity was measured with
an Industrial Instruments Conductivity Bridge RC-
168z. Hydrogen ion activity as pH was measured
witl-r a Beckn-ran pH Meter Model G. Calcium, mag-
nesium, carbonate, bicarbonate, and chloride were
determined by methods described in Betz Labora-
tories ( ry62), sulfate was determined by the visual
thorin method (Rainwater and Thatcher, 196o, p.
279-z8r), nitrate.was determined with a Hach "Port-
able Engineer's Laboratory," and with few excep-
tions sodiun-r and potassium were obtained by differ-
ence. The analyses by the U.S. Geological Survey
were made by methods described in Rainwater and
Thatcher (196o). The few analyses from other
sources are described in references noted in Appen-
dix B.

E gurr,rnnrulr Carcur,arrorqs
Equilibriurn calculations have been made for the

systems CaCOTCOz-HzO and CaCOs-COr-CaSO+-
HzO which are equivalent to water in equilibrium
with calcite at the prevailing partial pressure of
carbon dioxide (Pcor) and with calcite and gypsum
at the prevailing Pcor. The calculations are helpful
in testing assumptions regarding the nature of the
water-bearing formation. Also, equilibrium or devia-
tions therefrom can be used to develop hypotheses
regarding time in contact with the aquifer, and
chemical changes undergone while in transit through
the rocks.

Calculations for the system CaCOTCOT-HrO are
made by use of equations developed by a linear re-
gression of data from Frear and fohnston (1929),
according to methods outlined in Yaalon (rgS+).
pH t log(Ca+ + 

) *log( HCOa- ) :
r139i-r.76A/ u (')

zpH*log(Ca++ )*log Pcoz :
4.43+r.76f r (r)

where
Ca+ + and HCOg- are in milligrams per liter (mg/l)

and p: ionic strength.
The equations are valid at z5"C in a Pco, range of
o.ooo3-r. The results of the calculations are given in
Appendix A. The approach used was to calculate pH
from measured calcium and bicarbonate by equation
(r ). Equilibrium was then decided on the agree-

ment between measured and calculated pH as fol-
lows: in equilibrium, S o.o5 pH unit; nearly in equi-
librium, { o.ro pH unit; roughly in equilibrium, S
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o.z5 pH unit; not in equilibritrm, ) o.z5 pH unit.
If the agreement was within o.z5 pH unit, then Pco,
was obtained from equation (z ) using calculated pH
and measured calcium.

Calculations for equilibrium in the system
CaCOTCOT-CaSOr-H,O were made by use of an
approximate method and equations developed by
Hall ( ry61).

logPco, -- r.tzz,rrSooqo,:r.r, - 1.4..7 (l)
log Sc" : o.425log Pco, f r.r87 Q)
log Ss - -o.o4r4log Pco2 { r.4zr (S )

where Scn is the solubility of CaCO, in the presence
of CaSOr expressed as HCOa- in epm; Ss is the solu-
bility of CaSO+ in the presence of CaCOs expressed
as SO+: in epm; and HCOs- and SOr= are expressed
in epm. The equations are valid at z5"C in the Pco2

range of about o.oo5 to r. The results of the calcula-
tions are given in Appendix A. The procedure was
to calculate Pco, from measured HCOa- and SOr:
bv equation (3), and then to calculate HCOa- and
SOr: from equation (4) and (5) using calculated
Pcor. Equilibrium was then based on agreement
between measured and calculated HCOs- and
SOr: as follows: in equilibrium, agreement of both
HCOs- and SOr= within 10 per cent; approximate
equilibrium if either HCOa- or SO+= are within ro
per cent; not in equilibrium, HCOs- and SOr:
greater than ro per cent.

The main justification for the rather loose use of
the word equilibrium is that the degree of "lack" of
equilibrium is of more value in a study like this than
a rigid "in" or "not in" equilib{um. Also, the calcu-
lations for CaCOs-COr-HrO are in all instances
based on pH and alkalinity determinations made in
a laboratory at some time, often months, after collec-
tion. Therefore, adjustments may have occurred, and
some doubt is cast upon the validity of the calcula-
tions. This problem is not so critical for the calcu-
lations in the system CaCOs-COz-CaSOn-HzO,
although HCOa- may be affected.

Sounca op CoNsrrruENTS

Flumans and animals make contributions to the
dissolved solids content, and in places this can be-
come sizeable. In the Socorro area, however, most
springs have not been subiect to much interference
by man except for development work. The use of the
water for stock does offer chances for additions of
material, as in many instances cattle are allowed to
walk all over the spring and immediate vicinity;
therefore, at least some chloride and possibly sulfate
and nitrate along with accompanying cations may be

due to stock. Atmospheric precipitation has a normal
content of a few parts per million of calcium, mag-
nesium, sodium, potassium, carbonate, bicarbonate,
sulfate, chloride, and nitrate, usually totalling some-
thing like 5 to 20 ppm but generally less than ro
ppm. As a result, some chloride and sulfate in spring
waters are probably from the atmosphere. A most
important contribution from the atmosphere, how-
ever, is the COz dissolved in the precipitation. At-
mospheric Pco, is on the order of o.ooo3, and this is
sufficient to dissolve about 5o mgll of calcite. An-
other source of constituents could be vapors or fluids
from depth, say, rising from an igneous intrusion.
The only likely place for this to occur would be in
the thermal springs just west of Socorro; however, an
appreciable contribution from depth does not seem
too likely although no real evidence one way or the
other is available at present.

An important source of constituents is the soil
through which a large part of the precipitation
passes. The precipitation is then either lost by evapo-
transpiration, held as soil moisture, passes through
as recharge to the ground water, or moves into
streams where it may again become recharge or else
is lost from the area. In any event, a substantial
amount of water issuing from springs has been in
contact with soil. Soil is a source of material in at
least three important ways: (r) it contains at least
some slightly soluble salts such as carbonate and
sulfates, (z ) it promotes weathering of minerals,
particularly sulfates, carbonates, and silicates such as
feldspars, and (3) organic activity may substantially
increase the Pcor, thereby increasing the amount of
calcite that can be dissolved.

The final source of constituents to be considered
is the water-bearing rocks themselves. Equilibrium
calculations can give insight into what might be ex-
pected from the slightly soluble rocks such as lime-
stone, gypsum, and limestone and gypsum together.
The same principles hold for dolomite. More soluble
materials such as halite do not appear to be present
in the area of interest. Real problems arise in at-
tempting to decide in a quantitative fashion what
constituents might be expected from alluvium, shale,
sandstone, and volcanics present in the vicinity. Not
enough is known about the chemical composition of
the rocks, let alone about solubilities of thi minerals,
to be much more than semiqualitative. Additional
problems are added by lack of knowledge of chemical
processes in the saturated rocks; for example, ion
exchange and oxidation of sulfides. Some generuliza-
tions can be made. The volcanic rocks often contain
enough calcite to maintain approximate equilibrium
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but rarely contain much EIPsum. Water from the

more rhyolitic volcanic roiks tends to be higher in
per cenisodium, that is softer, than water from the
irore andesitic volcanic rocks. Also, waters from vol-

canic rocks tend to be low in dissolved solids' In
addition, the rhyolitic rocks and sediments derived

from them aPpear to act as a cation exchange

medium.

DISCUSSION OF SPRINGS
Before a discussion of the springs, a few remarks

should be made about the source of recharge to the
springs. With the possible exception of the thernal
sprin[s at Socorrofall springs receive their recharge

eith"I directly from precipitation or indirectly by

way of stream flow oi ground water. The same is

probrbly true for the thermal springs, but this can

not be definitely shown at Present.

Easr op rnr Rro GnaNor,

The springs east of the Rio Grande are found
along rniin arroyos, although several are actu-ally in
smaf arroyos tributary to the larger ones. Most of
the springi are in arroyo bottoms where the domi-
nant 

^confrol 
is one or more resistant beds crossing

the arroyo. Oio de las Caflas (35.zE.ro.3z-3). is.an

excellenl example. A prominant eastward-dipping
sandstone bed 

-in 
the Yeso formation crosses the

arroyo nearly at right angles. The bed fo-rces water to
the iurface and serves also as a water fall. Faulting
may be the major control {or springs at "Oio de la

Parida" (zS.rE.r4.zzr) where springs are found in
alluvium' associated with undifferentiated Triassic

rocks and the Baca formation. Quotation marks are

stone and gypsum. Although some of the units may

contain ha-iite or similar evaporites, this is not re-

flected in the analyses. In fact, low chloride both in
percentage and absolute amounts is a constant char-

icteristiCof these waters, with only one sample hav-

ing more than 4o ppm, and that one has only 88

PPrn.^ - 
None of the springs sampled is reported to have

gone dry, although several were _quite low when
visited. The original Ojo de la Parida aPPears to have

been dry and several other springs either shown on
maps oi else reported were dry when visited. Briefly
then, the springs east of the Rio Grande are few and
far between and tend to have rather small flows.
Temperatures are about the mean annual air temp-
eratuie. The chemical content of the waters fairly
well reflects the type of water-bearing formation
through which they have passed. The Spanish names
and appearance of these springs indicate that they
have been used for a long time.

WBsr oF THE RIo GnaNoB

The springs west of the Rio Grande show a much
greater diveriity than do those to the east. The ther-
mal springs at Socorro will be discussed separately.
The springs west of the Rio Grande do have some
features in comnon, since with one exception thev
are low in chloride and generally are low in sulfate.
They tend to be of either a calcium bicarbonate or a
sodiun.r bicarbonate type (figure z). The yields of
the springs are rather low, with the highest coming
from-fauft line springs. A few of the springs go dry,
and several on mlps or reported have been dry for a
long time. Some of the sampling locations are ac-

tually for stream flow, normally spring fed, or for
underflow coming to the surface.

The sample from the spring in the "box" of the
Rio Salado (rN.zW.7.r3r) is different from any

other water in the area'in ihat it is a sodium chloride
water with high dissolved solids (figure z, decimal
24:14). This qpring is from an area characterized by

*it"i bubbling up through sand and gravel in the
bed of the Rio Sllado. The "box" is cut through
steeply, dipping Pennsylvanian limestones, and the
spring wat-ei probably comes by artesian flow from
the limestone. This is shown also by a temperature

of TooF which is at least ro degrees high for the area'

The spring water is in equilibrium with calcite at a
Pco, a^t .o4"2, although it ii rather high in sulfate'

San Loienzo arroyo has some interesting springs

where the occurrence of sodium bicarbonate waters

suggests that the volcanic rocks are acting as cation

"*6f,rng.tt. 
The arroyo is cut through a thick se-

q,re.rciof continentai sediments and associated vol-

used because what is apparently the aetual or original
Ojo de la Parida (zS.rE.r z.7oo) seems-to have been

dry for quite some time. At least two other springs in
,riovo bbttoms, Oio de Amado (zS.rE. 27.247) ar,d

Oio'del Coyote (zS.tE.zz.4zz), appear to be con-

trolled either by faults or by contacts between geo-

logic units.
ihe springs east of the Rio Grande are character-

ized bv hieh-sulfate content and relatively high total
dissolved iolids with the exception of Oio del Ran-

cho de Lopez (zS.zB.zo.z34). Most of the springs

are calcium sulfate waters with decimal numbers

ranging from 6o.3o to roo.o5 (figure z)' Some of

the-spiings, partiiularly in the vicinity of Ojo de la

Parida at d at Oio de las Caflas, are in equilibrium
with the system CaCOs-COz-CaSOr-HzO' a few of

the springi that are not in equilibrium are still fairly
close. This equilibrium relationship is to be expected

as the water-bearing formations contain both lime-
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canics of Tertiary age equivalent to the Datil ancl
Popotosa_ formations. The red gypsiferous clays ancl
silts of the Popotosa are not fieient. Most bf tn.
springs are in the arroyo bottom and probably repre-
sent underflow from local sources and possi'Uty ifr.
northern part of the Snake Ranch Fla-ts, which is
forced to the surface by channel constrictions. Ex-
ceptions to this are springs at rS.zW.rz.r4r which
is in a faulted or intruded zone and at rS.zW.r r.t33a
which issues from an orifice in a volcanic breccia b-e-d.
The latter is interesting in having almost no calcium
and nragnesium (figure z, decimal or.6z) but in
being surounded by arroyo bottom seeps that are
much higher in calcium and magnesium. AII the
springs farther down the arroyo seem to show natural
softening.

Nogal Canyon just north of Socorro Mountain has
a number of springs that represent underflow from
the southern Snake Ranch Flats. Two of the springs,
however, are not in the arroyo bottom and aie co-n.
trolled by faulting. The increase in sulfate down the
canyon is from less than 40 ppm at the Snake Ranch
at the head to 150 ppm or more at the mouth. The
canyon is cut through a section of volcanics and sedi-
ments including red gypsiferous clay and silt.

Domingo Spring (35.rW.6.33r ) in a small arroyo
on the side of Socorro N.4ountain has a rather in-
teresting chenical composition. The spring is in
rhyolitic material and receives recharge- only fro.r,
prccipitation, but chemically it is quite similai to the
themal springs to be described later. Apparently,
a sodium bicarbonate content can be obtiined in
rhyolitic r-naterial either by solution, as in this case,
or by cation exchange, as in San Lorenzo arroyo.

__Chupadera Spring (45.rW.5.zrr) south of U.S.
Highway 6o is the only spring west of the Rio
Grande, other than the one at the "box" at the Rio
Sa.[do, containing more than a few hundred ppm
sulfate. 'I.he spring and several neighboring onesiirat
arc now dry occur at a contact, either iitrusive or
faultcd, between red gypsiferous clay and volcanics.
This spring is nearly dry now, but it one time the
springs yielded considerably more water.

South and west of San Antonio, several groups of
springs are found that appear to be contiolled by
faulting. A few temperature measurements indicatl
that these springs may be a little warm for the area.
Onc set of springs lies along a fault trend and occurs
mainly in Santa Fe group sediments faulted against
volcanic rock. These are Torreon (5S.zW.8.z3o),
Cienega- (5S.zW.r8.r4o), and Burro (55.3W.r4.
444). The springs have similar chemicai co*posi-
tions and are low in dissolved solids. Torreon anrl

Cienega springs are in equilibrium with calcite at a
Pr-o2 of-.9or4. Burro Spring is not in equilibrium
with calcite and is a little higher in dissolved solids
than the others, and possibly it has been concentra-

led by evaporation. Burro Spring now has a very low
flow but Torreon and Cienega have total flows
which, although they cannot be measured or even
satisfactorily estimated, probably are in excess of 4o
gpm. Ceological and topographic relationships indi-
cate that the water from these springs represerts flo*
from the southern end of the Magdaleni Mountains.
The other set of springs that appelrs to be controlled
by faults occurs in Datil volianics at 65.rW.6.+zo
and-65.r\V.6.44o. Only the latter spring has appre-
ciable flow at present. Their chemical compositi,on is
similar. to the springs just described, excepl they are
lower in calcium and magnesium. Severil other re-
ported springs in the vicinity either do not exist or
have been dry for quite some time.

Turnuar SpnrNcs ar Soconno
The thermal springs at Socorro are of interest for

several reason!, (, ) their temperatures are about 9oo
to 9r'F which is significantly higher than the aver-
age annual air temperature of 58.F, (z) they are
sodium bicarbonate waters with ]ow dissolved solids,
,,"d ( I ) two of them supply alarge part of water for
the city of Socorro and apparently have done so since
pre-Spanish days. The two large springs, Sedillo or
Evergreen (35.rW.zz.r 3r ) and Socorro (35.rW.zz.
r r 3 ), have flows in excess of zoo gpm 6nd lie on
definite fault zones. The water-bearing formation is
a rhyolitic breccia. Cook Spring (35.rW.r5.3r3) has
a much smaller flow, and flows from an adit wtrictr
was driven to intercept the water. The well in Blue
Canyon (35.rW.r6.323) is included because it is
drilled into the same breccia and yields the same type
of water.

. 
At present, NMIMT is conducting a study of the

yield, temperature, chemical nature, and iime in
storagc of water from the springs, with emphasis on
the Socorro Spring. Samples have been faken for
determination of tritium, and preliminary results
indicate that the water has been out of coniact with
theatmosphere forabout fouryears (Holmes, ry6).
Temperature measurements by a recorder since S6p-
tenrber 196z have ranged between 9o. and 9r.Iiwith no sharp fluctuations. Flow in the spring has
not varied since November 1962, when i recorder
was installed. The channel has not been rated yet,
but the flow is on the order of zzo to z5o gpm. Spot
samples for-specific conductance sinc-e September
196z have plotted as a straight line for temperature

\l
\'

*5

ir
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versus conductivity passing through 355 micromhos

at 25"C. The variaiions in conductivity are about

whaf would be expected from the accuracy of the
instrument and celi used. Attempts to use a conduc-

tivitv recorder have shown that the spring gives off

CO, as it flows out of the rocks. Equilibrium calcula-

tions show that the thermal waters are in equilibrium
with calcite at a Pco, of o.oor r.c'oor7'

Three problems of scientific interest abo'rt the

Socorro springs are (r) the source of heat' (z) the

source of iechlrge, and ( 3) the reasons for the chem-

ical composition. Only'a brief discussion can be

given, altirough all thesb points are now under stud-y'

lpproximate" temperature measurements in o]d

mine workings indicate that Socorro Mountain is a

geothermal high. The region around Socorro Moun-
tain is active leismically- (Sanford, 1963), and very

likely this is related to ihe problem. Not much but
,rr..irlrtio, can be offered about the nature of the
geothermal high, the source of heat, or th-e depth to
*t i.t the watEr goes before returning to the surface'

The source of-recharge can be accounted for in
larqe part. The only unanswered q-uestion is whether
o, ,rot a component comes from depth as magmatic

water. Probably little or no water comes from this

source, but this cannot be demonstrated yet' The
major part of the recharge comes from-the Maqda-

lera T\,iountains by way 
"of 

the Snake Ranch Flats'

As mentioned by'Holmes (tq6l),,some local re-

charge probably occurs. Calculations by Zane Spiegel

(personal communication, r96z ) have indicated that
Socorro Mountain does not have sufficient area to be

the maior source of recharge, whereas the Snake

Ranch i'lats attd east slope bf the Magdalenas do'

Aooroximate water-level contours indicate that the

water is coming from the general vicinity of Six Mile
and South .rrlo.ts, but piobably not.so{ar north as

Water Canyon. The rhyolitic b-reccia from which

the springs iisue crops out along- the margin between

Socoiro (4ountain and the Snake Ranch Flats (De-

Brine et a1., 1963), and this is where the recharge

nresumablv takes Place.' The chemical cbmposition of the thermal waters

sets a definite lirrrit on the source of recharge' That
is, the recharge water has to have nearly the same

composition Ind have less dissolved solids or else

it hal to have a chemical composition that can be

changed to fit the spring water.but again with less

dissived solids. The composition of the thermal

spring waters indicates also that the water has not

been"in contact with the red gypsiferous clay that
makes up the bulk of Socorro Mountain'

The ciremical analyses from Water Canyon (Ap-

pendix B) approach the borderline of suitability,
*h.r.rt well analyses from the Snake Ranch Flats,

not given here, spring analyses from Snake Ranch,

and in analysis from Box Spring in Six Mile Canyon

do seem suilable. What is iequired, however, is that
cation exchange takes place. The waters on the east

side of the Mi'gdalena-Mountains and Snake Ranch

Flats are a cal"cium bicarbonate type whereas the
thermal springs are a sodium bicarbonate type. fr9-
sumably citio., exchange takes place-in the rhyolitic
breccia'after the water leaves the recharge area. One
final question that can not yet be answered il yny !!:
thermal springs do not acquire considerable addi-
tional dissblved solids during the time the water is in
contact with the rhyolitic breccia.

REFERENCES CITED
Betz L,aboratories. (r962) Betzhandbook of industriai weter con'

ditionins; 6th ed., Betz L,aboratories, Philadelphia, p. 336-369.
Darton, Nl U. 11928) "Red beds" and associated formafions in

Nerv Mexico, U.S. Geol. Surv., Bull. 794.
DeBrine, B. E. et al. (1963) Cenozoic sedimentar-v rocks in So-

coroYalley, New Mei;c6, Guidebook, r4th Field Conference,
New Mexico Geol. Soc.

Dorroh. I. H.. Ir. (roa6) Certain hvdrologic and climatic char-

acterisiics of ile So'uitrwest, Univ.'N. Mex., Publ. in Engineer-
ing, No. r.

Freai, G. L., and f. Johnston (r9zq) The solubilitv ol calciunr

carbonate (calcite)'in certain aqueous solutions at 25" C,
Amcr. Clrem. Soc. four., v. 5r, P. zoSz-2o97.

Hall, F. R. (1963) 
'Calculatid chemical conrposition of sonre

t iUrt"-brrring /rt".t, prp.t given at IUGG nreeting a-t Berkeley,

Calif., in Au{. 1963 and to be published by the IAH'
Hantusli, M. S."( rd5d) Potential'evapotranspilation in are-as along

the rivers of Ne6'Niexico, N. NIex. Inst. Min. and 'I'ech', Prof'
Paocr ror.

Hassin, Ahmad (r96z) The distribution of exchangeable catio-ns

in some soils in ihe'vicinity oI Socorro, New l\Iexico, unpub'
lished Ph.D. dissertation, N. Mex. Inst. Min. and Tech'

Holmes, C. R. (rq6a) Tritium studies, Sbcorro Spring, Guide-
book. rath Field'C-onference, N. Mex. Geol. Soc'

Piper, A. ilI. 119441 A graphic procedure in the^geochernical irr-
'teipretation' oi' iitu inalvses, Trans. Amer. Geophys. Union,
v. 25, p. 914'923.

Rain*ittt,'F.'H.,'and Thatcher, I-. L (19Qo)^Methods lot col---l."tim 
and anilysis ol water samples, U'S' Geol' Surv', WSP

tl<1.
SrriJr{ A. R. (1963,) Seismic activity near Socorro, Guidebook,

rzth Field Conierence, N' Mex. Ceol. Soc'

S"on'"fa, C. S. (1938) Qualitv ol water of the Rio Grande basirr--;i;;; io,t gi;i6ah,T"rrs, U.S. Geol' Surv', wSP 83e'

Spi.e.f, an.-119551' Geology and-ground-water resorrrces of-",3rth"rtt"., 
iol"(tir'" Counti, New Mexico, N' Mex' Inst' I\Iin'

,"Jt..t., State Bur. Nlinis and Mineral Res', Ground-Water

Rot. <.'-r'- )' (ro6:) Hvdraulics oI certain stream-counected aqtrifer
svstem.s- i'l.i* Me*lco State Engineer, Special Report'

Steir"s, N. O. .t al. (r937) Theimal springs in the United Statcs'

U.S. Geol. Surv., WSP 6zq-B.
ffr"ii C-. v.'itq3til ctoutia *ater in the Middle-Rio Grande Val-- 

i.r- N.* illiii"o in Regional Planning, pt' VI' Rio Grarrdc

Ioint Investieation in the-Upper Rio Grande Basin, v' I' n' :'
Tlffi;;H. E.'( 19621 The m6t'eorologic-phenontelron. of drought
- -iilh; 

southwLst, U.S. Geol. Surv., Prof' Paqer 1-zz-A'
et al. (re63);;ilq;i;';'-sli'i' iti" Rio Grarlde

basin, U.S. Geoi' Suiv., Prof. Paper 3,72-D'



r70 New Mrxrco Gnorocrcar socrsrv-Founrrrr.rrn Frnr,o GoNTERENCE

U.S. Weather pu19au, Climato_Iogic data-New Mexico, Dept. of
-_C-ommerce, Published monthlf with annual summaries.W:]9i"r,/. n (r95Ol Reconpaissance geology and ground-water

study of a part oI Socorro County, New trZexico,"unpub.lished

Ph.D. dissertation, Stanford Universitv.
Yaalon, D.JJ. (1954) Physico-chemicil relationships ot CaCo,,

pH, and C(), in calcareous soils, Trans. 5th Internatl. Congresi
of Soil Science, Ldopoldville, v. II, p. *dZ6Z.



17rNnw Mnxrco Gror,ocIcer, Socrrrv-FounrsrNrn Frrr,o CoNTERENcE

u H 3 B 3 B S H U U U 3 3 U U U 3 B U ;-ts G' A 6 4 4 6 A 6 A Z ? ? ? =

=!ii=!ii:: ::!!!=:==E e:::r:r!:::?E:ts
'N It lj ;t It i, !, I !, F l^ F p I I F F F,6 F F F i F F ! F i ? ? i i i I :
;!Essss !3s s3siirii:& ts!:!IFd;;Fiis!eIAil5i.nu;5; ;F-!3H$$H-

slg FEgeEtrrrr gtr g

!Id6a**:r6'e'6-3;;
;;;€ € r. r - 3 g g I .9 E 6 9
;na;;6e4rr>r
6d6n e I n!: tiliii I P ii!

3a
@ft

f ?rflf iFf itiiLi-iIi?P? ?F??t'ri!iiiiiii
=========;=== 

f 
=t==e6 f ;=Ai.,, iar! P P

aooSoco)oLq
io-

$BSH333 H;;: Jl s JileA g; ?Uu3rnse3:3335E
P1:=qa2t-ntsddtun&!N!-6d6!6d!@A ;-N

l{ I I lE lFl s I s l; Iel- l. I:i lPlA I A 13
I o I o o ldl-, I-, I lE13l3 . r:
lA I + I .lb l*. 3
t^"
ll . I
l'o
E9
?d

of
.J

J:9
AG
.?Et

=aQ

I
a35
€d2
d/^

iPE
""i

!F,-g
I

539

q't

3c

?-1v*:'i"t
9;
.9

rL

:,;r3.

-:" A

e

P

lEl
IE

I

l

I =Pl

l-ilt
IA

l-ll-
lL

I

tCl:

l'al

lEl
'=l

t-

I 
=ll$

FEI

o'o o c o c o o c o c o o o o o o o o o o c o o o o o c o



Nrw Msxrco Gnorocrcer socrnrv-FounrrsNrH Frs,-o coNTERENCE

OOOOooocOOCOOooOoOOCCoOOOooo-O5.--

172

irl

El
E -l -
r ul -OL I C
;l

19

F

5?

o99*

EaC9Co

{ J q'q'i d i q-q'"" q'i J ; .' ^- J J.'".'.'"'"i ; .j. i.'+ i" T ; . =
==r====z=q==.--==z===;*ii6666666 rl22*3333 3 333:333 :333333933 333 3333333333

::90
,a

;l!": iOiF s.i s 3L i Iiiergrirrsixti.i'1E sEsi !$rHi [i *** i : s:::i
!::b .icil. i.!s; .B f BR; i ;;r;i

o+-oii!Ei;i!. - . i 3;: x E E ! 5I5 " ; -.- - c

66a++c6oa6<-;iN6;=
f!N ddo6;-

=== E;;;;;; -= 
= = = = -; 

= = 5 = = = = F E = 5 = = e = H e = 5:
9q6 +n+i i+a ++66 ao66 Od-NNNNN



173Nsw Mrxrco Gsor,ocrclr- Socrrrv-Founrprr'Irg Frnro CoNTERENcE

r "l
;l

zl
iSl , i i

r' I

tsdco

5I^gT
:F
*o

F

6

z=z

>z>a6ta

otCts

oooooo



_::. o l:=--a6^ i r! i .____

1- B S s 3 5 es 5 3 3 $ S x S 3 S i s g i : I s I r

iiiiiiiiiiiiiiiiii ii i iiiii

Ft

,,,t , I,-
+! € L

6 oE

\e8il3 3P eE { [ n ! ! s? x i€ s 3,,iF6

Nnw Mrxrco Gror,ocrca,, SocrETy-FounrnrNrn Frnr,n CoNTERENCE

Edc

= 
oo
EF

I

I

I

!-Eg

1l

;6aoooN-q

ii

"9

'iF

i:
ii-

Nd;;5

o-9roo6{:[

I--6 6o66d6;6il:rn---.ilNNi

ott<(c

{S-r.<SS339 ar! !iisie riSSSISSSSS.S*S_<;-l;; *S
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