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GEOCHEMICAL DATA FOR 95 THERMAL AND NONTHERMAL WATERS OF THE 
VALLES CALDERA--SOUTHERN JEMEZ MOUNTAINS REGION, NEW MEXICO 

by 

Fraser Goff, Tamsin McCormick, Pa t  E. T r u j i l l o ,  Jr., 
Dale Counce, and C. 0. Grigsby 

ABSTRACT 

T h i s  r e p o r t  p r e s e n t s  f i e l d ,  chemica l ,  and 
i s o t o p i c  data f o r  95 thermal and nonthermal waters 
of the southern Jemez Mountains, New Mexico. This 
region includes a l l  thermal and mineral  waters 
associated w i t h  Val les Caldera and many o f  those 
l o c a t e d  near  t h e  N a c i m i e n t o  U p l i f t ,  near  San 
Ysidro. Waters o f  the  region can be categor ized 
i n t o  f i v e  general types: (1) surface and near- 
surface meteor ic waters; (2 )  acid-sul  f a t e  waters 
( V a l l e s  C a l d e r a ) ;  ( 3 )  thermal  m e t e o r i c  w a t e r s  
(Va l les  Caldera); (4)  deep geothermal and der iva-  
t i v e  waters (Val les Caldera); and (5) m inera l i zed  
w a t e r s  near  San Ys id ro .  Some w a t e r s  d i s p l a y  
chemical and i s o t o p i c  c h a r a c t e r i s t i c s  in termediate 
between the  types l i s t e d .  The ob jec t  o f  t h e  data 
i s  t o  he lp i n t e r p r e t  geothermal p o t e n t i a l  o f  t h e  
Jemez Mountains reg ion and t o  prov ide background 
d a t a  f o r  i n v e s t i g a t i n g  problems i n  h y d r o l o g y ,  
s t r u c t u r a l  geology , hydrothermal a1 t e r a t  i ons , and 
hydrothermal sol u t i o n  chemistry. 

* 

I . INTRODUCTION 

The Jemet Mountains cons is t  o f  vo lcanic  rocks o f  b a s a l t i c  t o  r h y o l i t i c  

composit ion t h a t  o v e r l i e  T e r t i a r y  t o  Paleozoic sediments on the  western margin 

o f  t h e  R 

e rup t ion  

dera, a 

contains 

o Grande rift. Volcanic a c t i v i t y  culminated i n  t h e  Ple is tocene w i t h  

of c500 km o f  Bandel ier  t u f f  and w i t h  format ion o f  t h e  Val les C a l -  

la rge  well-preserved s i l i c i c  cauldron. The Val les region a lso  

a v a r i e t y  o f  hot spr ings having d i s t i n c t  geologic, chemical, and 

3 
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i s o t o p i c  cha rac te r i s t i cs .  Young, l a rge  s i 1  i c i c  vo lcanic  centers such as t h e  

Val les Caldera have great p o t e n t i a l  f o r  geothermal energy because they o v e r l i e  
shal low magma rese rvo i r s  o f  b a t h o l i t h i c  propor t ions.  A study o f  the  chemistry 
o f  geothermal f l u i d s  can prov ide in fo rmat ion  on the hydrothermal systems and 

t h e  geologic format ions and s t ruc tu res  through which they flow. The purpose 
o f  t h i s  paper i s  t o  present f i e l d ,  chemical, and i s o t o p i c  data f o r  ground 
water and thermal water i n  the  Jemez Mountains area, t o  charac ter ize  d i f f e r e n t  

water types and r e l a t e  them t o  the hydrothermal systems. These data a re  

presented t o  a i d  the  o v e r a l l  assessment o f  geothermal resources o f  the  Jemez 

Mountains and t o  prov ide data f o r  o ther  s c i e n t i f i c  i nves t i ga t i ons .  

The general geohydrology and geochemistry o f  waters i n  the  Jemez Moun- 
3 t a i n s  have been descr ibed by Goff and Grigsby,' Goff e t  al.,' Goff  and Sayer, 

T ra iner  and L y f ~ r d , ~  Tra iner ,  5'6 Ti tus,7 Purtymun and Johansen,8 Purtymun e t  
and Purtymun. 11 al., 

11. SIMPLIFIED GEOLOGY 
12 

Smith e t  a1.,l3 Griggs,14 Doel l  e t  al.,15 and Ba i ley  e t  a l .  l6 Smith, Ba i l ey  

and Ross17 publ ished an exce l l en t  reg ional  geolog ic  map i n  1970. The Jemez 

Mountains cons is t  o f  an extens ive p i l e  of T e r t i a r y  and Quaternary lavas and 
t u f f s  (10 t o  0.1 Myr) ove r l y ing  Precambrian gran i te ,  gneiss, and s c h i s t  and 

the  Paleozoic t o  Mesozoic sedimentary sequence o f  the Colorado Plateau (Figs. 
1 and 2) .  The main P a l e o z o i c  u n i t s  i n c l u d e  t h e  Pennsy lvan ian  Madera 
Formation, the red sandstone, s i l t s t o n e ,  and shale o f  t he  Permian Abo and Yeso 

Formations and the T r i a s s i c  Chin le  Formation. Mesozoic rocks crop out south 
o f  the  Jemez Mountains near San Ysidro. The o lder  Mesozoic u n i t s  inc lude t h e  

Entrada Formation sandstone, Todi l  t o  Formation evapor i tes (main ly  gypsum), and 

Morr ison Formation shale and sandstone. 

Colorado Plateau rocks o f  t h i s  region are down-faulted t o  the  east i n t o  

the Rio Grande rift. Unconsolidated T e r t i a r y  sediments o f  the Santa Fe 

Formation th icken eastward towards the ax is  o f  t he  r i f t .  The Jemez Mountains 

vo lcanics occur a t  the i n t e r s e c t i o n  o f  the rift w i t h  the  nor theas t - t rend ing  

Jemez Lineament, a l i n e  o f  Miocene t o  Quaternary vo lcanic  f i e l d s  extending 
across the northwest p o r t i o n  o f  New Mexico. 

Volcanic a c t i v i t y  commenced w i t h  dominantly maf ic  t o  in termediate lava  

f lows t h a t  are p a r t l y  interbedded w i t h  the  T e r t i a r y  sediments. These rocks 

The geology o f  the  Jemez Mountains has been descr ibed by Ross e t  a1 . , 

18-20 
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Fig. 1. 
Locat ion map showing (a) vo lcanic  centers i n  r e l a t i o n s h i p  t o  the Rio Grande 
rift and Jemez Lineament and (b) sketch o f  Jemez Mountains region. 

are best exposed i n  the areas north, northeast,  and south o f  t h e  Val les 

Caldera complex. Two major erupt ions o f  Bandel ier  r h y o l i t e  t u f f  i n  t h e  e a r l y  

Pleistocene resu l ted  i n  the  format ion o f  the  Toledo and Val les Caldera. 

Deposits o f  t u f f  up t o  300 m t h i c k  occur t o  t h e  west and east o f  t h e  caldera 
forming t h e  Jemez and P a j a r i t o  Plateaus, respect ive ly .  The f i n a l  a c t i v i t y  i n  
t h e  Jemez Mountains invo lved erup t ion  o f  r h y o l i t e  domes, obsidian, and t u f f s  
i n  the moat zone o f  t h e  Val les Caldera. 

I1 I .  METHODS AND PROCEDURES FOR COLLECTION AND ANALYSIS OF WATERS 

Temperatures were recorded w i t h  mercury thermometers and f i e l d  pH was 

determined using a pH meter or  using s e n s i t i v e  l i m i t e d  range pH t e s t  papers 

(Co lor fas t  I n d i c a t o r  S t r i p s  nos. 9581, 9582, and 9583). Laboratory values of 

pH are not considered r e l i a b l e  because most waters gain or  lose C02 gas a f t e r  

3 



Fig. 2. 
Schematic g e o l o g i c  map o f  Jemez Mounta ins r e g i o n  showing m a j o r  f a u l t s .  
Numbers r e f e r  t o  spr ing  and we l l  l oca t i ons  l i s t e d  i n  tab les  i n  Appendix B. 
Qrd = Resurgent Dome o f  Va l les  Caldera, Qmr = Moat Rhyo l i tes  o f  Va l les  
Caldera, QTv = Quaternary-Ter t iary  vo lcan ic  rocks, QTg = Quaternary-Ter t iary  
sediments, K-p6 = Cretaceous-Precambrian bedrock. 

sampling and before l abo ra to ry  analysis.  This a l t e r s  the  concent ra t ion  o f  
b icarbonate ions, which i n  t u r n  changes the  pH. Flow ra tes  o f  spr ings  were 

estimated v i s u a l l y ;  f l ow  ra tes  o f  we l l s  were obtained from gauges on t h e  
wellhead where possible.  A compi la t ion  o f  unusual spr ings o f  the  Jemez 

Mountains i s  presented i n  Appendix A. F i e l d  data i s  recorded i n  Table B-I 

Samples o f  water f o r  chemical ana lys is  were f i l t e r e d  us ing  a l a r g e  

syr inge attached t o  a f i l t e r  holder con ta in ing  0 . 8 ~  f i l t e r  paper. The 

f i l t e r e d  water was squ i r ted  b r i m f u l  i n t o  polyethylene b o t t l e s  w i t h  Polyseal 

caps. Three types o f  samples were co l l ec ted :  (1)  a 500-ma b o t t l e  o f  f i l t e r e d  

u n a c i d i f i e d  water f o r  anions, ( 2 )  a 250-ma b o t t l e  o f  f i l t e r e d  a c i d i f i e d  water 

f o r  cat ions,  and (3)  a 125-ma b o t t l e  o f  f i l t e r e d  d i l u t e d  water f o r  s i l i c a .  
D i l u t e  HC1 was added dropwise t o  the  a c i d i f i e d  sample u n t i l  t h e  pH was less  

than 2. The b o t t l e s  used f o r  s i l i c a  analyses contained 90 ma o f  d e i o d z e d  

4 
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water before 10 ma. o f  sample were added. This d i l u t i o n  prevents polymeriza- 
t i o n  o f  monomeric s i l i c a  i n  more concentrated water samples before analys is .  

Samples f o r  determinat ion o f  A1 were c o l l e c t e d  and analyzed according t o  our 
mod i f ied  procedure o f  Barnes." Major element analyses are presented i n  Table 

B-11. 

Laboratory analyses were performed by the  f o l l o w i n g  methods: Si02 by a 
c o l o r i m e t r i c  method us ing a ye l l ow  molybdate complex; Fey Mn, Ca, Mg, Na, K, 

and L i  by atomic absorpt ion spectroscopy; HC03 by s u l f u r i c  ac id  t i t r a t i o n ;  SO4 

and C1 by i o n  chromatography; F by e i t h e r  s e l e c t i v e  i o n  e lec t rode o r  i o n  

chromatography; and B by co lo r ime t ry  using azomethine-H. Because HC03 was not 
determined i n  the  f i e l d ,  HC03 values l i s t e d  i n  Table 6-11 may not be r e l i a b l e  
f o r  d i l u t e  (unbuf fered)  waters. Analyses o f  Ag, Ba, Cd, C r ,  Cu, Mo, N i ,  Pb, 

S r ,  and Zn were performed by atomic absorpt ion spectroscopy e i t h e r  by using a 
g raph i te  furnace o r  f lame e x c i t a t i o n .  

Samples fo r  D and l 8 0  ana lys is  were c o l l e c t e d  by f i l l i n g  125-mi g lass 
b o t t l e s  f u l l  of raw water and sea l ing  wi th a Polyseal cap. Isotope v a r i a t i o n s  

were determined by standard methods and the data appear i n  Table B- IV .  

These data appear i n  Table B-111. 

I V .  GEOHYDROLOGY AND GEOCHEMISTRY 

The waters descr ibed i n  t h i s  repo r t  can be d i v ided  i n t o  several groups bn 

the bas is  o f  f i e l d ,  chemical, and i s o t o p i c  cha rac te r i s t i cs .  I n  t h i s  sec t i on  

Figs. 6 
es among 

each group i s  discussed separately,  but  the reader should r e f e r  t o  

through 13 t o  observe chemical and i s o t o p i c  d i f f e rences  and s imi  1 a r i  t 
water types. 

A. S u r f a c e  and  N e a r - S u r f a c e  M e t e o r i c  W a t e r  - Los  A lamos  A r e a  a n d  

M i  s c e l l  aneous 

Surface and near-surface meteor ic waters are genera l l y  cold,  potable,  and 

d i l u t e .  Waters inc luded i n  t h i s  group issue from water-supply and t e s t  w e l l s  

i n  the  P a j a r i t o  P lateau and from 'cold spr ings,  creeks, and we l l s  i n  the  Va l les  

Caldera-southern Jemez Mountains reg ion (see Figs-. 2-5 f o r  loca t ions) .  Cold 
meteor ic  waters occur i n  th ree  d i f f e r e n t  geologic se t t i ngs ;  (1) w i t h i n  l a t e  
T e r t i a r y  t o  Quaternary vo lcanic  rocks o f  t he  Jemez Mountains vo lcanic  f i e l d ,  
(2 )  w i t h i n  l a t e  T e r t i a r y  b a s i n - f i l l  sediments o f  the  Rio Grande r ift, and (3) 

w i t h i n  Paleozoic t o  Mesozoic sediments o f  the Colorado Plateau. These th ree  

5 



Fig. 3. 
Sketch map o f  Sulphur 
(mod i f ied  from Summers3!). 

r i n g s  area 

d i f f e r e n t  s e t t i n g s  produce s u b t l e  
d i f f e r e n c e s  i n  t h e  c h e m i s t r y  o f  

near-surface waters. 

The h y d r o l o g y  o f  t h e  P a j a r i t o  

P1 ateau has been described by Purtymun 

and Johansen8 and the  geochemistry o f  

the  waters w i t h  respect t o  geothermal 

p o t e n t i a l  has been discussed i n  d e t a i l  
by Goff and Sayer.3 Hydrology o f  t h e  

southern Jemez Mountains i s  no t  known 

i n  d e t a i l  al though t h e  Jemez R iver  and 

t r i b u t a r i e s  d r a i n  Va l les  Caldera i n  a 

souther ly  d i r e c t i o n .  

I n  g e n e r a l ,  s u r f a c e  and n e a r -  

surface waters o f  t h i s  category a re  

Fig. 4. 
Sketch map o f  Soda Dam Area. 

1. MAIN JEMEZ SPRING, VA-10 
2. TRAVERTINE MOUND SPRING, VA-7 
3. UNNAMED WARM SPRING, VA-12 
4. BUDDHIST SPRING, VA-8 
5. JEMEZ SPRINGS GEOTHERMAL WELL, VA-19 

Fig. 5. 
Sketch map o f  Jem 
f i e d  f rom Surrmerszi/). 

Springs a r e  (modi- 
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LEGEND 

Fig. 6. 
Piper diagram showing the ranges i n  
chemical composit ion i n  equiva lents  
o f  var ious types o f  water i n  southern 
Jemez Mountains, New Mexico. Pat- 
te rns  are added t o  help d i s t i n g u i s h  
over lapping f i e l d s  o f  data po ints .  

m I I I I I I 1 1 . 1  I I I 
Sddo 

.~ 

SIUCA mgll 

Fig. 7. 
P l o t  o f  Si02 vs measured temperature 
f o r  var ious types o f  water i n  south- 
e r n  Jemez Mounta ins r e g i o n ,  New 
Mexico. Sample numbers r e f e r  t o  
waters t h a t  f a l l  outs ide f i e l d s  o f  
general ized water types. Note t h a t  
waters from Sulphur Springs area f a l l  
i n t o  two d i s t i n c t  f i e l d s .  

m I l l  I 1 1 . 1  I I I I 

Fig. 8. 
P l o t  o f  C1 vs measured temperature 
f o r  var ious types o f  water i n  south- 
e r n  Jemez Mounta ins  r e g i o n ,  Flew 
Mexico.  Sample numbers r e f e r  t o  
waters t h a t  f a l l  ou ts ide  f i e l d s  o f  
general i zed water types . Note t h a t  
m i  s c e l t  aneous meteor ic waters fa1 1 
i n t o  two d i s t i n c t  f i e l d s .  Those w i t h  
h igh C1 issue from Paleozoic-Mesozoic 
rocks . 

Fig. 9. 
P l o t  o f  L i  vs C1 f o r  var ious types of 
w a t e r  i n  s o u t h e r n  Jemez Mounta ins 
region, New Mexico. Sample numbers 
r e f e r  t o  waters t h a t  f a l l  ou ts ide  
f i e l d s  o f  general ized water types. 
Note t h a t  m i s c e l l a n e o u s  m e t e o r i c  
waters f a l l  i n t o  two d i s t i n c t  f i e l d s .  
Those w i t h  h i g h  L i  i s s u e  f r o m  
P a l  eozoi c-Mesozoic rocks . 
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Fig. 10. 
P l o t  o f  B vs C1 f o r  var ious types o f  water i n  southern Jemez Mountains region, 
New Mexico. Sample numbers r e f e r  t o  waters t h a t  f a l l  ou ts ide  f i e l d s  o f  
general ized water types. Note t h a t  miscel laneous meteor ic waters f a l l  i n t o  
two d i s t i n c t  f i e l d s .  Those w i t h  h igh  B issue from Paleozoic-Mesozoic rocks. 

12 I I I I I I I I I I I I 

1. ---CY- 

L L '  0 
20 0 10 M 30 0 MM loo0 1400 1f 

1 
I I I I I I I 1 

w o 2 2 0 0 2 6 0 0 3 o o o 3 4 0 0  

CHLORIDE mg/L 

i Fig. 11. 
P l o t  of F vs C1 f o r  various types o f  water i n  southern Jemez Mountains region, 
New Mexico. Sample numbers r e f e r  t o  waters t h a t  f a l l  ou ts ide  f i e l d s  o f  
general ized water types. Note t h a t  miscellaneous meteor ic waters fa1 1 i n t o  
two d i s t i n c t  f ie lds .  

1 

Those w i t h  high F issue from Paleozoic-Mesozoic rocks. 
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Fig. 12. 
P l o t  o f  S D  vs 6 l 8 O  f o r  var ious types o f  water i n  southern Jemez Mountains 
reg ion,  New Mexico. Sample numbers r e f e r  t o  waters t h a t  f a l l  ou ts ide  f i e l d s  
o f  genera l ized water types. ( V A - 1 3 ,  
V A - 1 4 )  are p l o t t e d  separately.  

Two hot spr ings from Sulphur Springs 

-10 t- 

0 
VA-38 

I I I I I I I I 
200 6OQ loo0 1400 1800 2200 26M) 3ooo 3400 

- m u ,  ' 
0 i o  20 30 

CHLORIDE m g l l  

18 Fig.  13. 
P l o t  o f  6 
region, New Mexico. 
o f  genera l ized water types. 
p l o t t e d  separately.  
d i s t i n c t  f i e l d s .  

0 vs C l  f o r  var ious types o f  water i n  southern Jemez Mountains 
Sample numbers r e f e r  t o  waters t h a t  f a l l  ou ts ide  f i e l d s  

One hot  spr ing  from Sulphur Springs ( V A - 1 4 )  i s  
fa1 1 i n t o  two Note t h a t  miscellaneous meteor ic waters 

Those w i t h  h igh C1 issue from Paleozoic-Mesozoic rocks. 
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ca l  cium-bicarbonate waters a1 though some o f  t h e  Los A1 amos water-supply we1.l s 

and co ld  mineral  spr ings i n  the  Val les Caldera reg ion are sodium-bicarbonate 

waters. The waters can be character ized by low c o n d u c t i v i t y  (s ince  they are 
r e l a t i v e l y  d i l u t e ) ,  low temperature and pH near 7. They t y p i c a l l y  con ta in  low 

concentrat ions o f  F, C1, L i ,  B, and Si02, (Figs. 7, 8, 9, 10, and 11) 
i n d i c a t i n g  a low temperature, near-surface environment . 22 The Los Alamos 

waters show a wider range i n  a l l  these cons t i tuents  than most co ld  waters o f  

the region, poss ib ly  due t o  long residence t ime o f  some waters i n  deep 

aqu i fe rs  o r  t o  some mix ing w i t h  deep thermal/mineral water r i s i n g  along f a u l t s  

i n  the  P a j a r i t o  P lateauO3 A few spr ings i n  the Caldera reg ion are anomalous 

i n  t h a t  they are somewhat minera l ized but co ld  ( l o c a t i o n  nos. 34, 36, 37, and 

t o  a lesser  extent  l o c a t i o n  31, F i g  2; samples VA-31, VA-39, VA-40, and VA-28, 
Table B-11). These samples have much greater  conduct iv i t y ,  comparat ively h igh  
Na+K r e l a t i v e  t o  Ca, h igh C1 r e l a t i v e  t o  HC03, and r e l a t i v e l y  h igh F, B, and 

L i  (see Figs. 8, 9, 10, 11, and 13). Two of the  spr ings ( l o c a t i o n  nos. 34 and 
36) also  have very low Si02. These s l i g h t l y  minera l i zed  meteor ic  waters i ssue  
from Mesozoic-Paleozoic sediments and e i t h e r  leach out  e v a p o r i t i c  minera ls  

from them, or  e lse  conta in  an extremely small f r a c t i o n  o f  deep thermal water 

from Val l e s  Caldera. 

Trace elements o f  a l l  waters i n  t h i s  group are f a i r l y  low (Table B-111). 
S r  appears t o  be h igher  i n  waters i ssu ing  from Madera l imestone (espec ia l l y  
l o c a t i o n  nos. 34 and 36), suggesting t h a t  S r  i s  d isso lved out o f  the  carbonate 

rocks . 
The D and l 8 0  isotope r a t i o s  f o l l o w  Cra ig 'sz3  l i n e  f o r  meteor ic waters 

(Fig.  12). The co ld mineral  waters descr ibed above are not  i s o t o p i c a l l y  
d i s t i n c t  from o ther  waters i n  t h i s  group. 

B. Val 1 es Cal dera-Sul phur Spr i  ngs Area 

A s u i t e  of thermal and nonthermal ac id -su l fa te  spr ings and mudpots and 

some associated d i l u t e  carbonated waters are located w i t h i n  t h e  Val les Caldera 

near the western margin o f  the  resurgent dome (Figs.  2 and 3). Discussion o f  

the chemistry and o r i g i n  of t he  Sulphur Springs has been presented by Goff  and 

Grigsby and Trainer.' Names used f o r  var ious spr ings i n  Tables B-I, B-11, 
B-111, and B-IV correspond w i t h  those presented by S u r ~ ~ n e r s . ~ ~  R h y o l i t i c  f lows 

and t u f f s  and ca ldera f i l l  deposi ts  i n  the area have been ex tens i ve l y  a l t e r e d  
and leached t o  c lays,  s i 1  i ca  minerals,  auth igenic  fe ldspars and su l fa tes .  

1 
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Ndt ive su l fu r ,  p y r i t e  and a1 uminum s u l f a t e s  have p r e c i p i t a t e d  near fumaroles 
(R. Charles and D. Bish, Los Alamos Nat ional  Laboratory, personal communica- 

t i o n ,  1981). The waters are character ized by a h igh  c o n d u c t i v i t y  (except f o r  

t h e  d i l u t e  bubbl ing waters), and low pH, e s p e c i a l l y  i n  the most concentrated 

waters. Most o f  t h e  samples have moderate F and low B y  L i ,  and C1 (Figs. 8, 

9, 10, and 11). Si02 

contents vary w i t h i n  the  s u i t e  but the  waters can genera l l y  be d i v i d e d  i n t o  

two groups: a h i g h - t e m p e r a t u r e ,  h i g h - S i 0 2  group and a low- tempera ture ,  

low-Si02 group (Fig. 7).  This r e l a t i o n s h i p  i s  i n  p a r t  a func t ion  o f  the  
inc reas ing  s o l u b i l i t y  o f  Si02 w i t h  increas ing temperature. 

Trace elements Zn, Cu, C r ,  Co, and N i  show r e l a t i v e l y  h igh  concentrat ions 
i n  ac id  waters t h a t  are a lso  r i c h  i n  Fe (Table B-111), a r e l a t i o n s h i p  probably 

due t o  the  greater  s o l u b i l i t i e s  o f  these metals i n  ac id  waters. 

The D and l 8 0  isotope r a t i o s  o f  the bubbl ing seep (sample VA-23; l o c a t i o n  

no. 22, Fig. 2) and unnamed ac id  spr ing (sample VA-14; l o c a t i o n  no. 21, Fig. 

2) both f a l l  on Cra ig 's  meteor ic l i n e ,  the unnamed spr ing being more enr iched 

i n  l80 and D (Fig. 12). I n  cont ras t ,  the Men's Bathhouse mudpot (sample 

VA-13) consis ts  most ly o f  condensed steam from depth and i s  very enr iched i n  

l80, probably t h e  r e s u l t  o f  extensive hot water rock i n t e r a c t i o n s  a t  depth. 
25 

where water vapor, H2S, and COP r i s e  from an under ly ing b o i l i n g  water tab le.  
The known occurrence o f  a h igh temperature (260°C) hydrothermal system beneath 

t h e  resurgent dome o f  Val les Caldera2' i n d i c a t e s  t h a t  such a b o i l i n g  water 

table  may e x i s t  beneath Sulphur Springs. Condensation o f  the  steam near t h e  

su.rface and surface o x i d a t i o n  o f  H2S t o  H2S04 r e s u l t s  i n  a c i d - s u l f a t e  water. 

The f l o w i n g  spr ings mix seasonally w i t h  surface meteor ic water s ince they show 

lower f l o w  ra tes  and h igher  temperatures dur ing t h e  dry months o f  the  year. 

C. Va l les  Caldera - Thermal Meteor ic 
Included here are a group o f .  warm spr ings i n  the  western r i n g  f r a c t u r e  

zone, p r e v i o u s l y  d e s c r i b e d  by G o f f  and Grigsby, '  G o f f  and S a y e r Y 3  and 
Trainer.' The waters are t y p i c a l l y  d i l u t e ,  near neut ra l  i n  pH and have 

moderate temperature (31-45OC). They are sodium-bicarbonate waters d i s p l a y i n g  

low concentrat ions o f  F, C1, 6, and Li (Figs. 8, 9, 10, and 11). The F, 6, 
and L i  contents are s l i g h t l y  higher than most o f  the surface waters i n  t h e  

Caldera and B and L i  concentrat ions are both s l i g h t l y  enr iched i n  samples w i t h  

11 

The F concentrat ions are h ighest  i n  the C1-free waters. 

The Sulphur Springs are t y p i c a l  o f  a vapor-dominated geothermal system 

1 
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higher  C1. McCauley Spr ing d i f f e r s  from the others i n  t h a t  i t  conta ins more ' 

Ca and Mg and less  a l k a l i s .  A l l  samples show low concentrat ions o f  t h e  t r a c e  

elements analyzed (Table B-111) .  The D and '*O isotopes f a l l  c lose t o  Cra ig ' s  

meteor ic  l i n e  i n  a t i g h t  c l u s t e r  (Fig.  12). 
These waters can be considered t o  be meteor ic  waters t h a t  have been 

heated dur ing  c i r c u l a t i o n  i n  the  r i n g  f r a c t u r e  zone o f  t he  Val les Caldera. 

A l l  waters o f  t h i s  type discharge near the  youngest ( l ess  than 0.5 Myr) of t h e  

moat r h y o l i t e s  erupted i n  the  Caldera. They are s l i g h t l y  depleted i n  Ca and 

Mg compared w i t h  surface waters i n  the Caldera reg ion due t o  the  inverse  

r e l a t i o n s h i p  between carbonate s o l u b i l i t y  and temperature. Very s l i g h t  mix ing 

w i t h  deep thermal waters may have occurred i n  Spence, L i t t l e  Spence, and 
poss ib ly ,  McCauley Hot Spr ings ( l o c a t i o n  nos. 25 and 26, Fig. 2; samp es VA-1, 

VA-2, and VA-3) because they have h igher  L i  and Na than most o f  t he  meteor ic  
waters i n  the  Val les Caldera region. 

D. Val les Caldera - Deep Thermal Waters and Der i va t i ves  

A number o f  hot  spr ings and warm spr ings occur along the t race  o f  t h e  

Jemez f a u l t  zone i n  Cafion de San Diego, i n c l u d i n g  spr ings a t  Soda Dam (Fig. 4) 

and near the  v i l l a g e  of Jemez Springs (Fig.  5). The Jemez f a u l t  zone extends 

southwest and south from the Caldera f o r  about 20 km. It was a c t i v e  before 

e rup t i on  o f  the  Jemez Mountains vo lcanic  f i e l d 2  and l o c a l l y  represents the  
western boundary o f  the  Rio Grande r i f t .  The hot spr ings occur a t  i n t e r -  
sect ions o f  the  Jemez River  w i t h  the f a u l t  and f r a c t u r e  zones. Chemical 
composition and o r i g i n  o f  these minera l i zed  spr ings has been discussed by Gof f  
e t  a l .  ,' T r a i n e r Y 5  and i n  p a r t  by Goff  and Grigsby Soda 

Dam, T r a v e r t i n e  Mound Spr ing ,  and some o t h e r s  a r e  a c t i v e l y  d e p o s i t i n g  

carbonate t r a v e r t i n e .  

The spr ings d i sp lay  f a i r l y  h igh  conduc t i v i t y  and are neu t ra l  t o  s l i g h t l y  

ac id  sodium-chloride t o  calcium-bicarbonate waters. The C1 and Ca concentra- 

t i o n s  show a s l i g h t  inverse r e l a t i o n s h i p  suggesting a mix ing o f  deep thermal 

water and surface meteor ic water. They conta in  moderate F and h igh  L i  and B 
concentrat ions w i t h  a marked t rend  o f  inc reas ing  B and L i  w i t h  inc reas ing  C1 
(Figs. 9, 10, and 11). 

S r  i s  the  most noteworthy t r a c e  element i n  these waters, ranging from 0.4 
t o  2 mg/a (Table B-111) .  There i s  an approximate t rend  o f  inc reas ing  S r  w i th  

inc reas ing  Ca. The waters have probably der ived most o f  t h e i r  Ca and HC03 by  

1 and Gof f  and Sayer.3 
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f low through f r a c t u r e d  Paleozoic carbonate rocks and t h i s  i s  probably the  main 

source o f  S r .  
23 

showing a d i s t i n c t  t rend o f  l80 enrichment (Fig. 12). Water from Traver t ine  

Mound Spring and from the  wel l  near main Jemez Spring are i s o t o p i c a l l y  most 
s i m i l a r  t o  meteor ic water and the main Jemez and Soda Dam Springs show t h e  

most r e l a t i v e  enrichment i n  l80. 
These thermal waters are probably d e r i v a t i v e s  o f  the  deep geothermal 

f l u i d s  beneath Val les Caldera, which are almost pure NaCl watersO2 Mix ing of 

t h i s  hot NaCl water w i t h  calcium-bicarbonate meteoric water has cooled i t  down 

and d i l u t e d  it. This mixed water d isso lves CaC03 wh i le  f l o w i n g  southwest 
through shat tered Paleozoic sediments along the  Jemez f a u l t  zone, g i v i n g  r i s e  

t o  the  higher Ca and HC03 contents observed i n  the springs. This mix ing i s  
supported by oxygen isotopes since t h e  deep geothermal water from V a l  1 es 

1 Caldera i s  much more enriched i n  l80 r e l a t i v e  t o  meteor ic water. 

The D and l80 i sotopes f a l l  away from the ‘meteoric l i n e  o f  Craig, 

E. San Ysidro Area 

A number of warm spr ings and hot and co ld  water w e l l s  i n c l u d i n g  mineral 

and nonmineral waters were sampled i n  the San Ysidro-Jemez Pueblo area. Many 

of  t h e  samples were c o l l e c t e d  f o r  isotope ana lys is  up t o  two years before the) 

were c o l l e c t e d  f o r  chemical analysis.  The chemistry o f  the waters i n  t h i s  
26 area has been discussed by Goff  e t  al.,’ Goff  and Sayer,3 Mariner e t  al., 

and Trainer.  
The waters are low- t o  mderate-temperature , near-neutral  , concentrated 

(except f o r  d i l  Ute surface water)  sodium-chloride 20 sodium-sul f a t e  waters. 
They conta in  much more SO4, Na, and C1 than the  thermal waters d ischarg ing 

along t h e  Jemez f a u l t  zone (Table B-11) except f o r  O w l  Spring, which resembles 

t h e  sur face meteor ic calcium-bicarbonate water. The concentrated waters have 

very h igh C1 and moderate t o  h igh  F, B, and L i  contents (Figs. 8; 9, 10, and 
11). S i l i c a  contents are much lower than most o ther  waters described in t h i s  

repor t  although concentrat ions o f  s i l i c a  increase w i t h  temperature (Fig. 7). 
Trace element concentrat ions are low except f o r  S r ,  which increases w i t h  

Ca concentrat ion (Table B-111). S r  contents are much higher than waters from 
t h e  Jemez f a u l t  zone w i t h  comparable Ca, 

Most o f  t h e  SO4 i n  these waters may be der ived from massive gypsum 

deposi ts  (Jurass ic  T o d i l t o  Formation) near San Ysidro. Most o f  the spr ings 

5 9 6  
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i ssue from pre-Jurass ic  sediments so the  SO4 i s  probably der ived from both 

pore f l u i d s  i n  the  rocks and from downward pe rco la t i ng  ground water. Assuming 

Ca i s  a lso  der ived i n  p a r t  from gypsum, t h e  h igher  Sr/Ca i n  these waters 
compared w i t h  t h e  Jemez and Soda Dam Springs may r e s u l t  from greater  leach ing  
of S r  from the  gypsum than from carbonate. 

Several chemical features make these waters d i s t i n c t  from the  waters 
der ived from the deep geothermal system i n  t h e  Val les Caldera.* The r a t i o s  o f  

Na/C1 and B/C1 i n  the  Jemez Springs waters are 1.3-1.9 and 0.008-0.009, 

respec t ive ly ,  whereas the  same r a t i o s  i n  the San Ysidro waters a re  0.8-1.2 and 

0.002-0.005, respec t ive ly .  Li/Na r a t i o s  i n  waters from the  Jemez Spr ings area 

are i n  the range 0.012-0.019 compared w i t h  0.002-0.005 f o r  waters from the  San 

Ysidro region. F i n a l l y  the  i s o t o p i c  enrichment of l 8 0  i n  San Ysidro waters 

fo l l ows  a p a r a l l e l  bu t  d i f f e r e n t  t rend  (Fig. 12) than deep Caldera waters. 
A l l  these data i n d i c a t e  t h a t  the San Ysidro waters o r i g  nate from a separate 

geothermal system near the  Nacimiento f a u l t  zone ra the r  than the  one loca ted  
beneath Val 1 es Caldera. 

V. SUMMARY 

The geologic,  chemical, and i s o t o p i c  data presented here are s u f f i c i e n t  

t o  charac ter ize  the d i f f e r e n t  thermal and nonthermal waters o f  t h e  Va l les  

Caldera-southern Jemez Mountains region. Fur ther  i n t e r p r e t a t i o n s  are beyond 

the  scope of t h i s  report .  However, the  authors fee l  t h i s  data can be app l i ed  

t o  the s o l u t i o n  o f  o ther  hydro log ic  and geochemical problems of the  region. 
Perhaps, the most i n t e r e s t i n g  problem would be t o  determine the  age, geo- 
chemical evo lu t ion ,  and hydro log ic  balance o f  the  high-temperature geothermal 
system w i  t h i  n Val 1 es Caldera. 
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APPENDIX A 

UNUSUAL SPRINGS OF VALLES CALDERA AND SOUTHERN JEMEZ MOUNTAINS, NEW MEXICO 

I SULPHUR SPRINGS , VALLES CALDERA 

F ig .  A-1. 
Men's Bathhouse Mudpot i n  January The 
bathhouse t h a t  i s  now collapsed once held  several concrete pools o f  acid- 
s u l f a t e  muddy water a t  various temperatures su i tab le  f o r  bathing. The mudpot 
occurs  on a smal l  k n o l l  from which s e v e r a l  fumaroles,  93%, d i s c h a r g e  
sul furous gases 

15 

1979; pH - 2.0, temperature - 80°C. 



Fig. A-2. 
Footbath Spring' i n  March 1980; pH 1.0, temperature h 
pa le  ye l low color  of the  suspended mud i s  due t o  c o l l o i d a l  

ghly var iable .  
sul f u r .  

The 
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Fig .  A-3 
San Antonio Hot Spring i n  J u l y  1978; pH = 7 ,  temperature = 42OC. 
fractured r h y o l i t e  about 60 m above San Antonio Creek, a f a v o r i t e  dest ina t ion  o f  cross-country s k i e r s .  

Spring discharges from concrete c r i b  on 



McCaul ey Spring 
30 m wide and 1 
f i s h .  

i n  Ju ly  1978; pH 
m deep adjacent  t o  

F ig .  A-3 .  
6.5, temperature = 31 C .  
the  spring o r i f i c e .  They 

V i s i t o r s  have b u i l t  a rock swimming pool about 4 . 
have a lso  stocked i t  w i t h  t r o p i c a l  freshwater 



111. JEMEZ FAULT ZONE, 10 km.SOUTHWEST OF VALLES CALDERA 

Fig. A-5. 
Soda Dam look ing  north,  A p r i l  The dam i s  b u i l t '  o f  carbonate t r a v e r t i n e  
deposi ted by bicarbonated ho t  springs, bu t  cons t ruc t ion  of t h e  present highway 
( j u s t  t o  l e f t  o f  photo) ru ined t h e  spr ing  system. The e x i s t i n g  dam i s  now 
d i s i n t e g r a t i n g .  Jemez River  has undercut dam on r i g h t  o f  photo. Sightseers 
are standing a t  t h e  entrance t o  G r o t t o  Spring. 
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1980. 
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Fig. A-6. 
Grotto Spring i n  October 1980; p H  = 7, temperature = 389:. This spring dis- 
charges from cave i n  Soda Dam shown on previous page. Although cooler  i n  
temperature, Grotto Spring has ident ica l  chemistry t o  Soda Dam Spring. 

20 



Fig. A-7. 
Soda Dam Spring i n  October 1980; pH C. 6.3, temperature = 
from shear zone separating gran i te  from v e r t i c a l l y  fau 
edge o f  State  Highway 4. 

47°C. Spring issues 
ted  sandstone along 
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Fig.  A-8. 
Main Jemez Spring during d r i l l i n g  o f  Jemez Springs Geothermal We1 , January, 
1979. The gazebo covers the main spring, r e a l l y  an old shallow w e l l ,  that  
supplies  water t o  the bathhouse (behind photographer) . The geothermal well 
struck hot te s t  water, 72T, at  25-m depth although tota l  depth attained ‘255 m. 
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Fig. A-9. 
T raver t ine  Mound Spring i n  January 1979; pH = 6.4, temperature = 72%. This 
spring, which discharges between the  bathhouse and Jemez River,  contains an 
extremely ra re  species o f  algae. 
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I V .  SAN YSIDRO AREA 

Fig.  A-10. 
Unnamed Mineral Spring i n  August 1979; pH 6.5, temperature = 25°C. Spring 
discharges about 20 m north o f  s t a t e  highway and resembles 4 o r  5 others 
w i th in  200 m. Water i s  r i c h  i n  dissolved s u l f a t e  t h a t  i s  probably leached 
from gypsum-bearing rocks nearby. 
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APPENDIX B 
TABLES OF F I E L D ,  CHEMICAL, AND I S O T O P I C  DATA 

TABLE B - I  
LOCATION, F I E L D  DATA, AND REFERENCES FOR WATERS I N  THE JEMEZ MOUNTAINS REGION, NEW MEXICO 

Ma P F ie ld  Water Temp F i e l d  Flow Rate, 
No.' Name No. Date Location Typeb ('C) pH Vmln Collrnents Referencec 

Los Alamos Area, Pa ja r f to  Plateau 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Gallery 
Spring 

T-3 Well 

T-2 Well 

Sacred 
Spring 

Basalt 
Spring 

L-6 Well 

L-18 Well 

L-5 Well 

L-4 Well 

PM-2 Well 

PM-1 Well 

6-6 Well 

6-5 Well 

6-4 Well 

6-3 Well 

LA-1 

LA-2 

LA-3 

LA-4 

LA-5 

LA-6 

LA-7 

LA-8 

LA-9 

LA-10 

LA- 11 

LA-12 

LA-13 

LA-14 

LA-15 

8/78 

8/78 

8/78 

8/78 

8/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

SW-1/4, Sec 25, 
T19N. R5E 

SW-1/4, Sec 13. 

NE-1/4, Sec 14. 

Center, Sec 12. 
T19N. R7E 

NW-1/4. Sec 22, 
T19N. R7E 

W-1/2, Sec 14, 
T19N. R7E 

T19N. R6E 

T19N. R6E 

NW-1/4. Sec 13. 
T19N. R7E 

SE-1/4, Sec 15, 
T19N. R7E 

NW-1/4, Sec 22. 
T19N. R7E 

NW-1/4, SeC 36, 
T19N. R6E 

SW-1/4, Sec 20, 
T19N. R7E 

NE-1/4. Sec 6. 

NW-1/4, Sec 5, 
T19H. R7E 

Center, Sec 5. 

T19N. R7E 

T19N, R7E 

NW-1/4. Sec 4. 
T19N. R7E 

m 

m 

m 

m 

m 

R 

m 

m 

m 

m 

m 

m 

m 

m 

m 

11 5.6 

13 6.5 

11 5.7 

14 5.7 

15 5.8 

27 6.8 

30 7.2 

26.5 6.5 

28 6.5 

23.5 6.5 

28 6.5 

30.5 6.5 

26.5 6.5 

26 6.5 

29 6.5 

160 

0-12 

0-8 

Seep 

Spring issues from concrete ga l le ry  
b u f l t  f n  f ractured Bandelfer Tuff. 

Observation Well -50 m deep. i r o n  
casing; i n  alluvium and Puye(7)Fm. 

Observation Well -50 m deep, i r o n  
casing; i n  alluvium and Puye(?)Fm. 

Seep discharges frm Santa Fe Fin. 

4 Sprfng flows f ran  near contact o f  
Cerros del Rio basa l t  and Puye Fin. 

0-2160 Water-supply wel l  d r i l l e d  625 m i n t o  
Santa Fe Fm; steel  casing. 

0-2180 Water-supply wel l  d r i l l e d  694 m i n t o  
Santa Fe Fm; steel  casing. 

0-1880 Water-supply wel l  d r i l l e d  623 m i n t o  
Santa Fe Fm; steel  casing. 

0-1560 Water-supply well d r f l l e d  622 m i n t o  
Santa Fe Fm; steel  casing. 

0-5520 Well d r f l l e d  800 m i n t o  Santa Fe Fm; 
steel casfng. 

0-2320 Well d r f l l e d  770 in i n t o  Santa Fe Fm; 
steel casfng. 

0-1100 Water-supply wel l  d r i l l e d  617 m I n to  
Santa Fe Fm; steel  casing. 

0-2100 Water-supply wel l  d r f l l e d  614 m i n t o  
Santa Fe Fn; steel casing. 

0-1260 Water-supply wel l  d r i l l e d  616 m i n t o  
Santa Fe Fm; steel  casing. 

0-1620 Water-supply wel l  d r i l l e d  614 m 
i n to  Santa Fe Fm; s tee l  casing. 

G-S- G e t  a1 - P79; 
T78' ( R 5 J -  -* * 

G- S 

G-S 

G-S; G C2. i  T78 (T6) 

G-S; G st. 

6-S; Gr; P77; P79 

G-S; P77; P79; P-C 

G-S; Gr; P77; P79; P-C 

G-S; Gr; P77; P79 

6-S; P79 

G-S; P79 

G-S; P79 

G-S; Gr; P79; P-C 

G-S; Gr ;  P79 

G-S; Gr; P79 



TABLE B-I (cont) . 
F i e l d  

E r a  Name No. Date Locat 
Water Temp F i e l d  Flow Rate, 

n Typeb ( ' C )  pH t h i n  C m e r  i Re ferencec 

- 
16 C-2 Well LA-16 9/78 

17 C-1A Well LA-17 9/78 

18 G-1 Well LA-18 9/78 

19 Spring, White LA-19 9/78 

20 PM-3 Well LA-20 9/78 

Rock Canyon 

Val les Caldera, Sulphur Springs Area 

21 Mudnot. Meh'S VA-13 1/79 
Bathhouse 

21 Mudpot. Men's 
Bathhouse 

21 Unnamed Hoti 
Spring 

21 Unnamed Hot 
Spring 

21 Lemonade 
Spring 

21 Unnamed 
Spring 

21 Footbath 
Spring 

21 E l e c t r i c  
Spring 

5-7-00 9/80 

VA-14 1/79 

s-9-80 9/80 

5-10-80 9/80 

S-3-80 9/80 

5-4-00 9/80 

S-5-80 9/80 

Center Sec 4, 
T19M.R7E 

SE-114 Sec 4. 
T19N. R7E 

SE-1/4, SC 4. 
T19N. R7E 

NE-114, Sec 36. 
T18N. R6E 

W-112. Sec 19, 
T19M. R7E 

Lat. 35'54'. 
Long. 106.37 ' 
(Fig. 3) 

Lat. 35'54'. 
Long. 106'37' 
(Fig. '3) 

Lat. 35-54', 
Long. 106'37 ' 
(Fig. 3 )  

Lat. 35'34' 
Long. 106'37 ' 
(Fig. 3) 

Lat. 35.54'. 
Long.106'37 ' 

Lat. 35.54'. 
Long.106'37' 
(Fig. 3) 

Lat. 35-54' ,  
Long.106'37' 
(Fig. 3) 

Lat. 35-54', 
Long.106'37' 
(Fig. 3)  

(Fig. 3) 

m 

m 

m 

m 

m 

a 

a 

a 

a 

a 

cm 

a 

a 

30 6.5 

28 6.5 

26 6.5 

19 6.5 

27.5 6.5 

78 

82 

63 

-- 

58 

11 

33 

36 

2.52 

2.0 

2.38 

2.03 

2.3 

3.6 

1.1 

1.5 

0-1820 

0-2060 

0-1340 

6 

0-5600 

0 

0 

2 

1 

1/2 

1/4 

0 

1/2 

Water-supply well  d r i l l e d  617 m C-S; Cr ;  P79 
i n t o  Santa Fe Fm; s tee l  casing. 

i n t o  Santa Fe Fm; s tee l  casing. 

Water-supply wel l  d r i l l e d  646 m C-S; Cr; P79; P-C 
i n t o  Santa Fe Fm; s tee l  casing. 

covered by volcanic colluvium. 

Well d r i l l e d  786 RI i n t o  Santa Fe c-s; P79 
Fm; s tee l  casing. 

Water-supply wel l  d r i l l e d  637 m G-S; P79 

Spring Issues from Santa Fe Fm; G-S; C e. ; T78 (K10) 

Mudpot i n  concrete c r i b  i n  co l -  C-C; S; R; T78 (P2) 
lapsed bathhouse; from landsl ide 
I n  rhyo l i te ;  C02+, lips+. 

Mudpot i n  concrete c r i b  i n  co1- 
lapsed bathhouse; frm landsl ide 
i n  rhyol i te ;  C02t. HpSt. 

c02+, ~ 2 ~ 4 .  
Spring issues from alluvium; C-G 

Spring issues from alluvium; 
Cop+, H2S+. 

Spring issues from alluvium; 
c o p .  ~ 2 ~ 4 .  

Spring discharges i n t o  Sulphur 
Creek; C02t. H2St. 

la rge  bubbl i ng pool w i th  co l  1 o i  dal 
sulfer; C02+, H2St. 

Spring flows from alluvium; 
C02t. H2S.l. 

S. T78 (PI)  

N 
v 



TABLE B-I (cont) 

F i e l d  Water Temp F i e l d  Flow Rate. 
No. Date Location Typeb ( 'C) pH chin Comments 

b P  
N0.a Name Referencec 

21 Women's S-6-60 9/80 Lat. 35.54'. a 
Bathhouse Long. 106'37 ' 

(Fig. 3) 

22 Spring, Alamo S-1-60 9/80 Lat. 35-55' cm 

22 Creek, Alamo S-2-80 9/80 Lat. 35'55' cm 

23 Bubbling Pool VA-22 3/79 Lat. 35'55', cm 

22 Bubbling Seep VA-23 3/79 Lat. 35.55'. cm 

24 Spring, Short S-8-60 9/80 Lat. 35'54.5'. cm 

Canyon Long. 106'3;' 

Canyon Long. 106'3i' 

Long. 106'35.5' 

Long. 106'35.5' 

Canyon Long. 106.36' 

Val les Caldera. Thermal Meteoric (Ring Fracture Zone) 

25 Spence Hot VA-1 7/78 W-1/2. Sec 28, tm 

25 L i t t l e  Spence VA-2 7/78 W-1/2, Sec 28. tm 

26 McCauley VA-3 7/78 W-1/2. Sec 4, tm 

27 San Antonio VA-4 7/78 NW-1/4, Sec 29, tm 

28 Bathhouse VA-20 2/79 Lat. 35.58'. tm 

Spring T19N. R3E 

Hot Spring T19N. R3E 

Spring T18N. R3E 

Hot Spring T20N. R3E 

Spring Long. 106'33.5' 

Val les Caldera, Soda Dam and Jemez Springs (Jernez Fau l t  Zone) 

29 Soda Dam VA-6 7/78 Lat. 35'47.5'. d 
Spring Long. 106'41 ' 

(Fig. 4) 

90 1.4 1/4 

11 4.2 0 

11 3.1 4 

0.5 4.5 8 

7 5.2 1 

8 4.1 1 

45 6.7 60 

34 6.7 20 

31 6.2 140 

42 6.8 150 

38 6.1 12 

47 6.2 60 

Spring issues from landsl ide; 
Copt, H2St. 

Gaseous springs i n  al luvium and 
creek bed; C02tr H2St. 

Creek sampled 5 m upstream o f  S-1-60. 

Large bubbling pond 1/2 km east o f  

Bubbling seep 30 m nor th  o f  S-1-60; 
fran alluvium; C02t. H2S.t. 

Gaseous spr ing issues from alluvium; 
COP t, H2St. 

S-1-60; C024, HpSt. 

Spring issues from r h y o l l t e  ta lus 
near contact w i th  Abo Formation. 

Spring issues frm r h y o l i t e  ta lus 
near contact w i th  Abo Formation. 

Spring flows frm contact o f  
r h y o l i t e  and Abo Formation. 

Spring dlscharges from concrete 
c r i b  on f ractured rhyo l i te .  

Spring Issues from south base o f  
small r h y o l i t e  dome; covered by 
wood bathhouse. 

Maln Sprlng; discharges fran 
f a d  ted Paleozoic sediments i n  
Jemez f a u l t  zone; Copt. H2St. 

S; T78 (P3) 

S 

G-G; T78 (P19) 

G-G 

G-G: G-S; P-W-A; S; 
T74; T75; T78 (H42) 

G-S 

G-S; P-W-A; S; T78 (H39) 

G-G; G-S. P-W-A; S; T75; 
T78 (P12j 

T78 (P9) 

G-G; G e t  a1 .; G-S; 
P-W-A; X V 4 ;  T75; 
T-78 (H6) 



TABLE B-I (cont)  

F i e l d  Water Temp F i e l d  Flow Rate, 
Connents No. Date Location Typeb ('C) pH t h i n  

Mapa 
NO. Name Referencec 

29 

29 

29 

29 

29 

29 

29 

30 

30 

30 

30 

30 

30 

Soda Dan 
Sprlng 

soda Dam 
Spring 

Soda Dam 
Spring 

Soda Dam 
Spring 

Grotto 
Spring 

1 

Out fa l l  o f  
Soda Dam 
Spring 

Unnamed 
Spring 

Main Jemez 
Spring 

Main Jemez 
Spring 

Travertine 
Mound Spring 

Travertine 
Mound Spring 

Travertine 
Mound Spring 

Buddhist 
Spring 

VA-9 

VA-64 

VA-26 

VA-51 

VA-5 

VA-65 

VA-27 

VA-10 

VA- 18 

VA-7 

VA-66 

VA-17 

VA-8 

1/79 

12/80 

5/79 

4/80 

7/78 

12/80 

5/79 

1/79 

1/79 

1/79 

12/80 

1/79 

1/79 

Lat. 35'47.5'. 
Long. 106'41' 

j (Fig. 4) 

Lat. 35'47.5'. 
Long. 106'41 ' 
(Ftg. 4) 

Lat. 35'47.5'. 
Long. 106'41' 
(Fig. 4) 

Lat. 35'47.5', 
Long. 106'41' 
(Fig. 4) 

Lat. 35'47.5', 
Long. 106'41' 
(Fig. 4)  

Lat. 35'47.5'. 
Long. 106'41' 
(Ffg. 4)  

Lat. 35'47.5'. 
Long. 106'41' 
(Fig. 4) 

Lat. 35'46.5'. 
Long. 106'41' 

Lat. 35'46.5'. 
Long. 106'41' 
(Fig. 5 )  

Lat. 35'46.5'. 
Long. 106'41' 
(Fig. 5) 

Lat. 35'46.5'. 
Long. 106'41' 
(Fig. 5) 

(Fig. 5 )  

Lat. 35'46.5'. 
Long. 106.41' 
(Fig. 5 )  

Lat. 35'46.5'. 
Long. 106'41' 
(Fig. 5) 

d 48 6.40 60 

d 47 6.28 60 

d 47 6.52 60 

d 47 6.35 60 

d 38 6.8 12 

d 17 8.13 60 

d 29 6.28 2 

d 55 7.01 20 

d 36 7.51 0 

d 70 6.28 4 

d 72 6.23 4 

d 72 6.66 4 

d 49 6.38 4 

Main Spring; discharges from 
fau l ted  Paleozoic sediments i n  
J m z  f a u l t  zone; COe. H2Si. 

Main Spring; discharges from 
fau l ted  Paleozoic sediments i n  
Jemez f a u l t  zone; CO2i. H 2 9 .  

Main Spring; discharges from 
fau l ted  Paleozoic sediments i n  
J m z  f a u l t  zone; Cot+. HpSi. 

Main Spring; discharges from 
fau l ted  Paleozoic sediments i n  
J m z  f a u l t  zone; Coyi, H2Si. 

Spring flows from cave on east 
side Soda Dam. 

G-S 

Sampled a t  po in t  where water o f  
Soda Dam Spring enters J m z  
River. 

Spring issues from alluvium 
east s ide Jemez River. 

Spring discharges from concrete 
tank under gazebo; C02+. 

Spring discharges frw concrete 
tank under gazebo; Copt. 

Spring issues frm t raver t ine  
mound west o f  bathhouse; C02t. 

Spring issues from traver t ine  
mound west o f  bathhouse; C024. 

Spring issues frm t raver t ine  
mound west of bathhouse; Copt. 

Spring flows fran man-made pool 
by Jemez River; C02t. 

G-G; G e t  a1 - T75; 
T78 ( H l q - ' '  

G fig. 

G etz.; T74; T78 (H14) 

G fit. 

Gfit. 

Get. 



- ~ - .  .. . . . . . . . "  , . ___ ....... . .. ".. ~ . . . 

w 
0 TABLE B - I  (cont) 

Mapa F ie ld  Water Temp F i e l d  Flow Rate, 
No. Name No. Date Location Typeb ('C) pH t/min Conrnents Referencec 

30 Buddhist VA-16 1/79 
Spring 

Spring 
30 Unnamed VA-12 1/79 

30 80 ft VA-19 1/79 
Aquifer 

Aquifer 

Aquifer 

Aquifer 

30 80 f t  VA-25 5/79 

30 500 ft VA-15 1/79 

30 500 ft VA-21 2/79 

Valles Caldera Region, Miscellaneous 

28 San Antonio VA-24 2/79 
Creek 

Spring 
31 Panorama VA-28 5/79 

32 Pa ja r f t o  VA-29 7/79 
Spring 

Rock Canyon 

Seep 

33 Spring, Whfte VA-30 7/79 

34 Cold Mineral VA-31 8/79 

35 Sino Sprfng VA-32 8/79 

35 Sino Spring VA-63 12/80 

36d Unnamed VA-39 3/81 
Spring 

Lat. 35'46.5'. 
Long. 106'41 ' 
Lat. 35'46.5'. 
Long. 106'41' 

d 50 6.59 4 

d 49 6.35 4 

Lat. 35'46.5'. 
Long. 106.41' 

Lat. 35'46.5'. 
Long. 106'41' 

Lat. 35'46.5'. 
Long. 106'41' 

Lat. 35'46.5'. 
Long. 106'41' 

Lat. 35'58'. 
Long. 106'33.5' 

Lat. 35'48' 
Long. 106.4 

SE-1/4. Sec 9. 
T18N. R7E 

W-1/2, Sec 10, 
T18N. R7E 

SW-1/4. Sec 32. 
T19N, R3E 

Lat. 35'49'. 
Long. 106'41' 

Lat. 35'49'. 
Long. 106'41 ' 
SE-1/4. Sec 10, 
T16N. R2E 

d 68 6.64 120 

d 73.3 6.55 8 

d 60.5 6.69 80 

d 61 6.55 20 

m 2 -- >250 

m 13 7.67 4 

m 20 5.9 >300 

m 18 6.0 1 

m 19 8.37 1 

m 21 7.45 15 

m 18 7.10 80 

C 11 6.91 seep 

Spring flows from man-made pool by 
Jenez River; Cop+. 

Spring discharged fran marsh 15 m NW 
of na in  Jemez Spring; Copt (now de- 
stroyed). 

Well d r i l l e d  N o f  main Jemez Spring G sfi. 

Well d r i l l e d  N o f  main Jemez Spring 

Well d r i l l e d  N o f  main Jemez Spring G sfi. 

Well d r i l l e d  N o f  main Jemer Sprfng 

Creek sampled 5 m upstream o f  VA-20. 
Bathhouse Sprfng. 

Spring issues from traver t ine  and 
Madera lfmestone. 100 m above canyon- 
floor. 

basalt; spr ing 4A o f  Purtymun. 

o f  Rlo Grande; spring 4 o f  Purtymun. 

Seep about 1/4 km WNW o f  Batt leship 
Rack and j u s t  W highway 4; from 
Madera Ifmestone. 

Spring flows from contact o f  andesite 
and Abo F o m t i o n .  

Spring issues from landslfde i n  P-P-0; T78 (K4) 

Spring issues from a l l u v i m  west P-P-0; T78 (K5) 

P-Y-A; T78 (H1) 

Spring flows from contact o f  andesite 
and Abo Formation. 

Spring discharges from Chfnle Fm. 
near contact w/overlying Zia SS; 
tastes sal ty.  

T78 (E l )  



TABLE B-I (cont)  

F i e l d  WateI; T q  F i e l d  Flow Rate, 
Referencec Cannents No. Date Location Type pH t/min 

Mapa ' 
No. Name 

37d 

38d 

39d 

40d 

41d 

42d 

Canon Spring VA-40 4/81 Lat. 35.40.5' 
Long. 106.45.;' 

m 18 7.58 

m 17.5 6.81 

m 15 7.20 

1 

0 

30 

Spring issues from f a u l t  i n  Precam- 
br ian  granite. 

Well d r i l l e d  60t m i n  alluvium and 
pumice; i r o n  casing. 

T78 (06) 

Indian Valley 
We1 1 

VA-41 10179 SE-114. Sec 11, 
T18N, R3E 

Unnamed Cold VA-42 10/79 
Spring 

Unnamed Cold VA-43 10119 
Spring 

Unnamed Cold VI-44 10/79 
spring 

Horseshoe VA-45 10/79 
Spring 

Unnamed Cold VA-46 , 10/79 
Spring 

Unnamed Cold VA-47 10/79 
Spring 

Unnamed Cold VA-48 6/80 
Spring 

Spring issues from r h y o l i t e  colluvium; 
elev. = 8606 ft. 

Lat. 35*51.5', 
Long. 106'27' 

Spring flows from dacite colluvium; 
elev. = 9100 ft. 

Spring discharges from rock c r i b  on 
andesite a l l u v i m  by d i r t  road. 

Spring issues from r h y o l i t e  alluvium. 

Spring flows from contact o f  
Bandelier Tu f f  and Abo Formation; 
sampled from i r o n  pipe. 

Spring dfscharges from fractured 
Bandelier Tuff. 

Spring issues frw gu l l y  1/2 km east 
o f  Albemarle ruins; from hypabyssal 
volcanics . 

SW-1/4, sec lo; 
T18N, R4E 

m 15 6.68 8 

2 

12 

40 

E-1/2, S ~ C  22, 
T18N, R3E 

m 8 6.91 

m 12 6.89 

m 10 6.42 I 

T78 (52) 

E-l/2, Sec 18, 
T19N. R3E 

P-W-A; T78 (N15) 

Lat. 35.52.5' 
Long, 106'44.3' 

43d 

44d 

T78 (N6) 

T78 (N10) NE-1/4. Sec 27, 
T20N. R2E 

Lat. 35-45' 
Long. 106'28' 

m 10 6.48 

m 9 5.6 

60 

12 45 

Center,'Sec 16, 
Tl9N, R3E 

SU-114, S ~ C  32, 
Tl9N. R3E 

46 

34 

Eddy's Well VA-49 6/80 m 15 7.24 

m 11 7.92 

oz20 

1. 

Well 40t  II deep i n  a l l u v i m  and pumice. 

Cold Hineral VA-50 4/80 
Seep 

Jemez River VA-52 4/80 

Seep about 1/4 km UNU Batt leship Rock 
and j u s t  W Highway 4; f ra  Madera l ime-  
stone. 

River sampled 10 m upstream o f  
Soda Dam t raver t ine  deposit; 
high water. 

Spring issues from al luv iun  i n  
Canon del Norte. 

Spring issues from contact o f  l a t i t e  
and Bandelier Tuff. 

Spring discharges from contact o f  
l a t i t e  and Bandelier Tuff. 

Lat. 35.47.5'. 
Long. 106'41' 

m 5 5.30 29 P-W-A; T78 

Unnamed Cold VA-54 6/80 
Spring 

Unnamed Cold VA-55 6/80 
Spring 

Unnamed Cold VA-56 6/80 
Spring 

48 

49 

N-1/2. Sec 13, 
T18N. R4E 

Lat. 35.51'. 
Long. 106'25.5' 

m 11 5.4 

m 8.5 5.4 

m 6.5 5.4 

20 

20 - 

24 50 Lat. 35'50'. 
Long. 106'24.5' 

w 



w 
N TABLE B-I (cont)  

F i e l d  Water Temp F i e l d  Flow Rate, 
:!a Name No. Date Location Typeb ('C) pH Vmin Comnents Referencec 

51 Apache Spring VA-57 7/80 Lat. 35-49'. 

52 Unnamed Cold VA-58 7/80 Lat. 35'48' 

53 Unnamed Cold VA-59 7/80 Lat. 35'48' 

Long. 106'23.5' 

Spring Long. 106'26' 

Spring Long. 106'26' 

54 

46 

Turkey Springs VA-60 

Henson's Well VA-61 

7/80 

12/80 

Lat. 35'44.5' 
Long. 106'21.6' 

Center Sec 16. 
T19N. R3E 

San Ysidro - Jentez Pueblo Area, Miscellaneous 

55 Warm Mineral VA-33 8/79 NW-1/4, Sec 10, 
Spring T15N, R1E 

56 Z ia Hot Well VA-34 8/79 Lat. 35'39' 

56 Z ia Hot Well VA-52 4/80 Lat. 35'39' 

56 Z ia Hot Well VA-67 3/81 Lat. 35'39'. 

57d Unnamed Well VA-35 8/79 Lat. 35'42.5'. 

Long. 106.5;' 

Long. 106'5;' 

Long. 106'53' 

Long. 106'59.5' 

58d 

59d 

Salt Spring 

Log Spring 

VA-36 

VA-37 

3/81 

8/79 

SW-1/4, S ~ C  20, 
T16N. R2E 

E-1/2, Sec 5, 
T16N. R1E 

60d [krl Spring VA-38 3/81 SE-1/4. Sec 7. 
T16N. R2E 

m I) 5.3 15 

m 15 5.4 12 

m 17 5.6 24 

m 18 5.5 60 

m 19 6.82 0-40 

C 27 6.57 

C 56 6.29 

C 54 6.53 

C 53 6.72 

m 21 -- 

C 15.5 7.90 

m 28.5 -- 
m 16 7.22 

1 

40 

40 

40 

I f 2  

1/2 

<1 

25 

Spring discharges from contact o f  
l a t i t e  and Bandelier Tuff.  

Spring flows frun f ractured Bandelier 
Tuff. 

Spring issues frun fractured Bandel i e r  
Tuff. 

Spring flows from volcanic alluvium. 

Well d r i l l e d  65 m i n t o  caldera f i l l ;  
p las t i c  pipe. 

Spring seeps from t raver t ine  mound T74 ( 1; T78 ( ); M 
N o f  highway 44; Chinle Fm; Copt. 

Artesian wel l  f lows from concrete T74; T78 (C3) 
c r i b  E o f  highway 44; Chinle Fm; C02+. 

Artesian wel l  f lows from concrete 
c r i b  E o f  highway 44; Chinle Fm; C02". 

Artesfan wel l  f lows from concrete 
c r i b  E o f  highway 44; Chinle Fm Copt. 

Well drains i n t o  c a t t l e  t rou  h above 
San Luis  Tank; Morrison Fm(?Q. 

Spring seeps from Chinle Fm and 
Ter t ia ry  gravels. 

Spring seeps from f a u l t  zone near 
contact o f  l fnestone and granite. 

T78 (A101 

T78 (D4) 

Spring flows from Madera lfmestone. P-WAA; T78 (A81 

a Location no. on Fig. 2. 

. 



TABLE B-I (cont) 

b m surface meteoric 
c n ~  carbonated meteoric 
a acid-sulphate 
tm thermal meteoric 
d deep geothermal t der iva t ive  
c connate 

'G-C: Goff and Grigsby' 
G gtt.: Goff e t  a1.2 

-3 G-S: Goff and Sayer 
14 Gr :  Griggs 

26 M: Mariner e t  a l .  
P77: Purtymun 
~ 7 9 :  ~urtymun"I 
P-C: Purtymun and Cooper2* 
P-P-0: Purtynun gt t . l 0  
P-W-A: Purtymun et g.' 
S: ~ u n n e r s ~ ~  
T-74: Trainer5 
T-75: Trainer' 
T-78: Trainer2'; Trainer's sample no. given i n  parentheses. 

-1r 

%ater samples col lected f o r  isotopes and f o r  chemical analysis a t  d i f f e ren t  
times. 

w 
w 
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P TABLE B - I 1  

MAJOR ELEMENT ANALYSES FOR WATERS I N  THE JEMEZ MOUNTAINS REGION, NEW MEXICO (VALUES I N  mg/R) 

FIeld Typ.  Field Conductlvity 
No. C pH rmhos/cn SI02 A1 Fe Mn Ca Mg Na K Li  H C O ~  so4 c i  F 8 

Map 
No. Name 

Los Alamos Area, Pajarito Plateau 

1 Gallery Spring 

2 T-3 Well 

3 T-2 Well 

4 Sacred Spring 

5 Basalt Spring 

6 L-6 Well 

7 L-18 Well 

8 L-5 Well 

9 L-4 Well 

10 PM-2 Well 

11 PM-1 Hell 

12 6-6 Hell 

13 6-5 Well 

14 6-4 Well 

15 6-3 Well 

16 6-2 Well 

17 G-1A Well 

18 G-1 Well 

19 Spring, Whlte 

20 PM-3 Well 

Rock Canyon 

LA- 1 

LA-2 

LA-3 

LA-4 

LA-5 

LA-6 

LA-7 

LA-8 

LA- 9 

LA-10 

LA-11 

LA-12 

LA-13 

LA- 14 

LA-15 

LA-16 

LA-17 

LA-18 

LA-19 

LA-20 

11 5.6 

13 6.5 

11 5.7 

14 5.7 

15 5.8 

27 6.8 

30 7.2 

26.5 6.5 

28 6.5 

23.5 6.5 

28 6.5 

30.5 6.5 

26.5 6.5 

26 6.5 

29 6.5 

30 6.5 

28 6.5 

26 6.5 

19 6.5 

27.5 6.5 

<0.02 7.0 3.3 5.8 1.4 0.02 

0.11 14.0 5.0 11.0 1.9 0.03 

(0.02 11.0 2.7 8.8 0.88 0.03 

<0.02 22 0.45 20 2.5 0.04 

(0.02 26 7.6 12 3.1 0.03 

(0.02 2.8 0.15 72 0.8 0.04 

<0.02 6.5 0.30 138 2.0 0.11 

(0.02 7.2 0.13 52 1.3 0.04 

(0.02 10 0.22 21 1.7 0.03 

<0.02 8.8 3.0 9.6 1.7 0.02 

(0.02 26 6.8 18 3.6 0.03 

<0.02 15 2.3 15 2.0 <0.02 

<0.02 17 3.9 11 1.8 (0.02 

~ 0 . 0 2  16 2.5 14 1.8 (0.02 

(0.02 11 1.2 22 1.6 <0.02 

<0.02 11 0.61 33 2.5 0.02 

<0.02 11 0.58 24 2.8 (0.02 

(0.02 13 0.68 22 3.1 (0.02 

<0.02 12 3.1 11 1.4 0.03 

(0.02 26 8.7 16 3.3 0.04 

52 <5 <1 0.12 

102 5 4 0.26 

78 5 2 0.46 

114 7 2 0.46 

98 18 12 0.32 

170 6 4 2.2 

326 32 15 2.3 

143 6 3 0.98 

85 5 4 0.33 

65 <5 3 0.19 

146 6 6 0.26 

94 5 2 0.27 

93 5 2 0.25 

92 5 2 0.27 

93 5 2 0.45 

122 5 4 1.0 

100 5 1 0.55 

97 5 1 0.50 

74 (5 <1 0.45 

146 6 12 0.28 

<O -05 

<0.05 

<O .05 

(0.05 

(0 .05 

<0.05 

0.45 

(0.05 

0.38 

0.25 

0.25 

<0.05 

0.12 

0.12 

<O .05 

0.12 

(0.05 

<0.05 

(0.05 

0.18 



w cn 

TABLE B-I1 (cont)  

Fie ld  T9p.  F ie ld  Conductivity 
No. C pH umhos/cm Si02 A1 Fe Mn Ca Mg Ma K L i  HCO3 SO4 c1 F B 

WP 
No. Name 

Valles Caldera. Sulphur Springs Area 

21 Mudpot. Men's VA-13 78 2.52 

21 Mudpot. Men's 5-7-80 82 2.00 

21 Unnamed Hot Spg. VA-14 63 2.38 

21 Unnamed Hot Spg. S-9-60 -- 2.03 

21 Lenonade Spring 5-10-80 58 2.30 

21 Unnamed Spring 5-3-60 11 3.60 

21 Footbath Spring S-4-60 33 1.10 

21 Electr ic  Spring 5-5-60 36 1.50 

21 Manen's Bathhouse S-6-80 90 1.40 

22 Spring, Alam S-1-60 11 4.20 

Ba thhouse 

Bathhouse 

Canyon 

Canyon 
22 Creek, Alam S-2-80 11 3.10 

23 Bubbling Pa01 VA-22 0.5 4.5 

22 Bubblfng Seep VA-23 7 5.2 

24 Sprfng, Short 5-8-80 8 4.10 
Canyon 

4050 103 

10300 246 

5800 230 

5700 243 

-- 238 

1910 59 

30200 214 

12800 228 

13400 168 

430 53 

340 41 

280 44 

730 51 

500 55 

Valles Caldera, Thermal Meteoric (Ring Fracture Zone) 

25 Spence Hot Spring VA-1 45 b.7 -- 66 

25 L i t t l e  Spence VA-2 34 6.7 -- 67 
Hot Spring 

26 McCauley Spring VA-3 31 6.2 -- 56 

27 San Antonio Hot VI-4 42 6.8 -- 79 

28 Bathhouse Spring VA-20 '38 6.1 163 96 

Spring 

rl 

13 0.01 2.1 1.25 2.1 

37 0.64 10 6.5 6.0 

18.1 

38 

38 

16.2 

468 

127 

190 

16.3 

11.7 

3.20 

3.76 

2 .a4 

4.65 

2.40 

8.10 

0.44 

90.8 

165 

168 

280 

56 

114 

131 

15.2 

16.2 14.6 

40.0 16.4 

42 7.7 

33 25 

26.5 10.8 

23.0 8.5 

50.0 18.9 

2.49 13.0 

1.1 0.35 12.8. 2.29 14.1 

1.37 0.30 14.1 2.75 5.8 

0.28 0.96 83.5 12.0 32.8 

5.5 0.54 43 5.9 7.8 

(0.04 (0.02 5.5 1.9 50 

(0.04 (0.02 8.8 1.9 56 

(0.04 (0.02 8.5 4.9 18 

(0.04 0.02 2.3 0.30 21 

(0.08 (0.04 4.98 0.40 24.5 

8.2 0.02 0 

35 0.04 0 

18.7 0.05 0 

6.4 0.09 0 

5.6 0.14 0 

27 0.29 0 

94 0.10 0 

66 0.06 0 

72 0.17 0 

6.2 0.06 0 

6.3 0.06 0 

4.5 0.4 0 

7.9 0.08 178 

7.3 0.02 0 

1.3 0.66 144 

1.5 0.66 152 

0.8 0.24 86 

1.7 (0.02 56 

3.7 0.06 71 

786 2.48 

2500 (1 

2110 3.72 

1750 8.3 

2740 17 

1500 20 

7900 <1 

4100 <1 

6400 (1 

113 11 

101 13 

109 4.9 

254 7.2 

199 5.9 

16 8 

25 7 

7 6  

7 2  

15 2.4 

6.36 (0.1 

(0.20 0.1 

0.61 (0.1 

1.75 (0.03 

0.52 0.03 

0.70 0.2 

10.6 0.2 

5.2 (0.1 

5.2 0.2 

0.52 (0.1 

(0.20 (0.1 

0.23 (0.1 

0.23 (0.1 

(0.20 <0.1 

0.55 0.15 

0.70 0.13 

0.85 0.24 

0.80 (0.05 

1.6 (0.1 



w m TABLE B-I1 (cont) 

Fie ld  T y p .  F ie ld  Conductivity 
No. C pH cmhos/cm Sf02 A1 Fe K LI H C O ~  so4 CI F B Mn Ca Mg Ma 

h P  
No. Name 

Valles Caldera, Soda Dam and Jemez Springs (Jemer Fault  Zone) 

29 

29 

29 

29 

29 

29 

29 

29 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Soda Dam Spring 

Soda Om Spring 

Soda Dam Spring 

Soda Om Spring 

Soda Dam Spring 

Grotto Spring 

Outfall of  Soda 
Dam Spring 

Unnamed Spring 

Main Jemez Spring 

Main Jernez Spring 

Travertine Hound 
Spring 

Travertine Mound 
Sprlng 

Travertine Mound 
Sprtng 

Buddhist Spring 

Buddhist Spring 

Unnamed Spring 

80 ft Aquifer 

80 ft Aquifer 

500 ft Aquifer 

500 f t  Aquifer 

VA-6 

VA-9 

VA-64 

VA-26 

VA-51 

VA-5 

VA-65 

VA-27 

VA-10 

VA-18 

VA-7 

VA-66 

VA- 17 

VA-8 

VA-16 

VA-12 

VA- 19 

VA-25 

VA-15 

VA-21 

47 6.2 

48 6.40 

47 6.28 

47 6.52 

47 6.35 

38 6.8 

17 8.13 

29 6.28 

55 7.01 

35.5 7.51 

70 6.28 

72 6.23 

72 6.66 

49 6.38 

50 6.59 

49 6.35 

68 6.64 

73.3 6.55 

60.5 6.69 

61 6.55 

-- 
7050 

5600 

6600 

5900 

-- 
6000 

5700 

4200 

4250 

4200 

3400 

4100 

3300 

3300 

4100 

3300 

3500 

1700 

1830 

43 

50 

44 

46 

46 

38 

36 

44 

93 

85 

93 

92 

83 

81 

72 

100 

70 

79 

24 

36 

-- 0.11 0.55 

0.036 0.14 0.47 

-- 0.07 0.43 

0.025 0.081 0.54 

_ _  -- -- 
-- 0.11 0.50 

-- 0.03 0.03 

0.007 0.50 0.56 

0.015 0.20 0.17 

0.014 0.02 0.10 

-- 0.15 0.18 

_ _  0.05 0.23 

0.016 0.15 0.11 

_ _  0.18 0.24 

0.013 0.16 0.19 

-- 0.99 0.49 

0.013 0.39 0.11 

0.030 0.21 0.22 

0.018 0.39 0.02 

-- 1.72 0.,07 

328 

340 

300 

429 

314 

324 

138 

376 

152 

115 

182 

122 

114 

154 

128 

129 

122 

180 

120 

122 

26 1010 

24.4 938 

25 825 

21.4 920 

24 990 

27 1000 

26 943 

18.8 720 

5.40 656 

4.52 690 

4.56 614 

5.4 558 

4.48 612 

9.57 458 

7.50 494 

7.82 609 

5.76 546 

4.60 610 

9.31 185 

9.25 193 

174 

183 

120 

177 

183 

174 

160 

141 

74.2 

74.0 

75.2 

62 

70.3 

53.0 

57.8 

70.0 

61.6 

68.0 

29.9 

35.4 

13.2 

13.2 

13.7 

13.6 

13.5 

13.2 

14.3 

10.8 

10.1 

9.00 

8.20 

9.0 

8.46 

7.56 

6.06 

8.18 

6 .% 

8.4 

2.27 

3.60 

886 

1510 

1250 

1490 

1000 

834 

610 

1400 

711 

699 

723 

436 

714 

697 

708 

738 

642 

705 

479 

492 

37 1480 

38.4 1500 

36.1 1560 

49.4 1460 

39.1 1520 

41 1480 . 

40.5 1590 

69.1 1195 

40.9 904 

45.4 968 

36.1 829 

42.4 910 

43.2 936 

37.6 653 

40.6 653 

41.8 903 

45 .O 705 

53.0 836 

38.0 243 

49.9 281 

4.1 11.5 

3.67 13.8 

2.8 13.9 

3.57 12.8 

3.55 15.0 

4.0 11.6 

2.5 14.6 

2.71 10.6 

5.19 7.9 

5.19 8.0 

5.21 7.8 

4.0 7.0 

5.05 7.9 

3.86 5.7 

3.76 5.7 

4.56 7.5 

4.42 6.1 

3.52 6.8 

3.30 2.2 

3.50 2.5 



TABLE B-I1 (cont) 

F i e l d  Temp. F ie ld  Conductivity 
Wo. 'C pH pmhos/cn Si02 A1 Fe Hn Ca Mg Na F 8 K L i  ~ ~ 0 3  so4 CI 

Hap 
No. Name 

Val 1 es Caldera Region, Miscellaneous 

28 San Antonio Creek VA-24 2 

31 Panoram Spring VA-28 13 

32 P d a r i t o  Spring VA-29 20 

33 Spring, white VA-30 18 

34 Cold Hineral Seep VA-31 19 

Rock Canyon 

35 Sino Spring 

35 Sino Spring 

36 Unnamed Spring 

37 Canon Spring 

38 Indian Valley 
He1 1 

39 Unnamed Cold 
Spring 

40 Unnamed Cold 
Spring 

41 Unnamed Cold 
Spring 

42 Horseshoe Spring 

43 Unnamed Cold 
Spring 

44 Unnamed Cold 
Spring 

45 Unnamed Cold 
Spring 

46 Eddy's Well 

34 Cold Hlneral 
Seep 

VA-32 21 

VA-63 18 

VA-39 11 

VA-40 18 

VA-41 17.5 

VA-42 15 

VI-43 15 

VA-44 8 

VA-45 12 

VA-46 10 

VA-47 10 

VA-48 9 

VA-49 15 

VA-50 11 

-- 
7.67 

5.9 

6 .O 

8.37 

7.45 

7.10 

6.91 

7.58 

6.81 

7.20 

6.68 

6.91 

6.89 

6.42 

6.48 

5.6 

7.24 

7.92 

-- -- 
920 62 

210 67 

-- 63 

4200 18 

-- -- 
163 78 

2500 16 

1090 47 

280 77 

88 52 

65 45 

210 48 

240 46 

126 74 

115 41 

280 22 

550 64 

4200 17 

-- -- -- -- -- _- a- -- -- -- -- -- 
0.0013 0.016 0.003 101 22.9 114 5.3 0.16 519 56.7 21.7 0.97 

0.644 

0.140 

0.005 

-- 
<0.001 

0.272 

0.81 

0.42 

0.006 

0.002 

0.009 

<0.001 

-- 
(0.001 

0.144 

0.148 

0.024 

<0.001 

19.6 5.3 11.8 

29.3 6.9 14.4 

10.2 71.0 613 

-- -- -- 
11.2 3.6 14 

49 10.3 447 

36 5.2 161 

23.5 6.2 22.0 

6.4 1.66 1.7 

2.08 

2.4 

42.0 

-- 
0.2 

34 

7.6 

4.78 

8.0 

0.08 

0.07 

3.22 

-- 
0.12 

2.2 

0.5 

0.044 

0.030 

100 

-- 
1745 

__ 
82 

ma 
367 

137 

34 

7.5 6.4 

8.8 9.8 

373 284 

-- -- 
5.0 6.0 

193 267 

127 71 

6.2 7.3 

2.6 9.1 

0.014 0.006 5.3 1.03 3.8 3.8 0.007 11 13.1 6.9 

0.025 0.002 19.0 5.0 10.6 9.08 0.002 90 17.4 7.4 

(0.004 <0.001 19.0 3.4 30.7 3.00 0.088 145 6.2 6.1 

0.004 ~0.001 10?7 1.50 11.6 2.53 0.040 57 4.4 3.5 

0.036 0.001 12.3 1.54 7.23 2.10 0.018 49 8.7 3.6 

0.036 (0.001 33 8.7 5.9 2.1 0.003 59 78 6.2 

0.029 (0.001 56 13.8 18 9.6 0.098 332 28.6 8.0 

0.004 <0.001 35 46 940 47 4.0 1980 290 323 

0.46 

0.48 

4.95 

-- 
0.32 

7 -2 

9.3 

0.17 

0.39 

0.33 

0.11 

0.21 

0.44 

0.21 

0.28 

0.52 

5.75 

-- 
c0.1 

0.05 

0.07 

4.15 

-- 
0.01 

3.16 

0.41 

(0.003 

<0.01 

(0.01 

<O .003 

0.003 

(0.003 

(0.003 

<0.01 

c0.01 

4.47 



TABLE B-I1 (cont) 

Fie ld  T y p .  F ie ld  Conductivity 
No. C pH rmhos/cm Si02 A1 Fe Ca Mg Ma K L i  HCO3 SO4 C 1  F B 

Ma P 
No. Name 

29 Jemez River VA-52 5 5.30 

48 Unnamed Cold VA-54 11 5.4 
Spring 

Spring 

Spring 

49 Unnamed Cold VA-55 8.5 5.4 

50 Unnamed Cold VA-56 6.5 5.4 

51 Apache Spring VA-57 9 5.3 

52 Unnamed Cold VA-58 15 5.4 
Spring 

Spring 
53 Unnamed Cold VA-59 17 5.6 

54 Turkey Springs VA-60 18 5.5 

46 Henson's Well VA-61 19 6.82 

100 

99 

17 

30 

-- 0.360 0.014 11 1.4 5.6 2.0 0.040 52 9.0 4.0 

-- 0.360 0.009 10.0 2.0 3.5 2.9 0.002 40 9.9 5.4 

0.56 

0.22 

0.09 

<0.01 

55 34 -- 1.18 0.012 5.0 1.4 2.7 1.8 0.005 24 6.0 5.5 0.21 <0.01 

105 38 -- 0.60 0.007 8.7 3.0 5.0 2.9 0.004 39 6.7 9.8 0.20 <0.01 

137 

130 

58 

65 

-- 0.42 0.003 10.8 4.6 6.7 3.5 0.006 57 8.3 8.0 

-- 0.15 0.002 10.6 3.4 9.4 3.1 0.024 75 3.4 7.1 

0.27 

0.30 

<0.01 

CO.01 

130 69 -- 1.19 0.135 10.4 3.4 9.0 3.2 0.024 73 2.4 7.5 0.35 <0.01 

193 

560 

61 

62 

-- 0.012 0.001 20 5.5 10.1 1.7 0.010 103 4.2 8.0 

-- (0.02 0.003 59 8.4 36 4.6 0.136 305 20.5 7.7 

0.38 

0.38 

0.03 

0.01 

San YsidroJemez Pueblo Region, Miscellaneous 

55 Ham Mineral VA-33 27 6.57 
Spring 

56 Zia Hot Well VA-34 56 6.29 

56 Zia Hot Well VA-53 54 6.53 

56 Zia Hot Well va-67 53 6.72 

57 Unnamed Well VA-35 21 -- 
58 Sa l t  Spring 'VA-36 15.5 7.90 

59 Log Spring VA-37 28.5 -- 
60 Wl  Spring VA-38 16 7.22 

11550 14 0.014 3.40 1.80 375 128 1710 75.3 5.30 1860 2330 1820 3.95 8.32 

16600 

16000 

15800 

30 

33 

35 

0.052 1.40 0.10 302 90 2650 66.7 6.70 1440 3740 3000 

-- 0.2401 0.022 321 61 3440 77 6.0 1068 3430 3210 

0.022 1.46 0.040 320 71.5 3180 64 6.3 1400 3280 2930 

-- -- -- -- -- -- -- -- -- -- -- 
0.005 0.030 0.024 89 26.4 1950 94 7.4 1870 702 2380 

-- -- -- -- -- -- -- -- -- -- -- 
0.001 <0.001 <0.001 73 10.4 34 2.1 0.176 311 33.8 27.8 

2.40 

4.51 

3.8 

6.52 

7.41 

6.60 

-- 
9.2 

-- 
0.12 

-- 
10500 

-- 
10.8 

-- 
620 

-- 
22 

-- 
1.4 

J 



TABLE B - I 1 1  
TRACE ELEMENT ANALYSES FOR WATERS I N  THE JEMEZ MOUNTAINS REGION, NEW MEXICO (VALUES I N  mg/R) 

Field 
No. Ag Ba Cd co Cr cu Mo Ni Pb Sr Zn MP 

NO. Name 

Los Alanos Area. Pajarito Plateau 

1 Gallery Spring 

2 T-3 Well 

3 T-2 Well 

LA- 1 (0.03 

(0.03 

(0.03 

0.06 

(0.03 

(0.12 

(0.12 

(0.12 

(0.12 

(0.03 

(0 .03 

(0.03 

0.03 

(0 .03 

(0.06 

(0.06 

(0.06 

(0 .06 

(0.06 

(0.06 

(0.06 

(0.06 

<0.06 

(0.06 

(0.03 

(0.03 

(0 .03 

(0.03 

(0.03 

(0 .03 

<O 03 

(0.03 

(0 .03 

(0.03 

(0.03 

(0.03 

(0.04 

(0.04 

(0.04 

(0.04 

(0.04 

(0.04 

(0.04 

(0.04 

(0.10 

(0.10 

(0.10 

(0.10 

(0.10 

.<0.10 

(0.10 

(0.10 

(0.10 

(0.10 

(0.05 

(0 .05 

(0 -05 

(0.05 

(0.05 

(0.05 

(0.05 

(0.05 

(0.05 

(0 .14 

(0.14 

(0.14 

(0.14 

(0 .14 

(0.14 

(0.14 

(0.14 

(0.14 

(0.14 

0.05 (0.01 

LA-2 

LA-3 

LA-4 

0.05 0.01 

0.03 0.18 

0.42 0.02 

0.12 (0.01 

0.05 (0.01 

0.14 (0.01 

0.10 (0.01 

0.07 cO.01 

0.04 (0.01 

Sacred Spring 

Basalt Spring 

1-6 Well 

1-1B Well 

1-5 Well 

1-4 Well 

PM-2 Hell 

PM-1 well 

6-6 Well 

6-5 Well 

E 4  Well 

(0.12 LA-5 

LA-6 

LA-7 

LA-8 

LA-9 

LA-10 

(0 .03 (0.12 

(0.12 

(0.12 

(0.12 

(0.03 

(0.03 

(0.03 

<O .03 

(0.03 

(0.03 

(0.03 

<O .03 

(0.03 

<.05 

(0.04 

(0.04 

(0.04 

(0.04 

(0.04 

(0.04 

9 

10 

11 

12 

13 

14 

(0.03 

(0.03 

(0.03 

<O .03 

(0.03 

(0.03 

(0 .03 

(0.03 

(0.03 

0.06 

(0.03 

0.06 

(0 .05 

(0 .05 

(0.05 

<O .05 

(0.12 

(0.12 

(0.12 

(0.12 

(0.12 

(0.12 

(0.12 

(0.10 

(0.10 

(0.14 

(0.14 

(0.14 

(0.14 

0.14 (0.01 

0.06 (0.01 

0.08 (0.01 

0.07 (0.01 

LA-11 

LA-12 

LA-13 

LA-14 

LA-15 

LA-16 

LA-17 

LA-18 

(0.06 

(0.06 

(0.06 

(0.06 

(0.10 

(0.10 

(0.10 

<0.10 

(0.10 

(0.10 

(0.10 

(0.10 

(0.03 

(0.03 

(0.03 

(0.03 

(0.03 

(0.03 

(0.03 

(0.03 

(0.05 

(0.05 

(0.05 

(0.05 

(0.05 

(0.05 

(0 .05 

<0.03 

(0.03 

(0.03 

(0.03 

<0.03 

(0.03 

(0.03 

(0.14 

(0.14 

(0.14 

(0.14 

(0.14 

(0.14 

0.06 (0.01 

0.08 (0.01 

0.08 <0.01 

15 E 3  Well 

16 6-2 Well 

17 6-1A Well 

18 El Well 

(0.06 

(0.06 

(0.06 

(0.06 

(0.06 

(0.06 

(0.04 

CO.04 

(0.04 

(0.04 

(0.04 

(0.12 

(0.12 

(0.12 

(0 .  12 

0.08 (0.01 

0.05 (0.01 

0.12 0.02 

19 Spring, White Rock Canyon LA-19 

20 PM-3 Well LA-20 

Valles Caldera, Sulphur Springs Area 

(0.04 

(0.06 

0.059 

(0.03 

--- 
0.63 

0.030 

(0.10 

0.010 

(0.14 

--- 
0.03 0.16 

0.113 --- 
21 Mudpot, Men's Bathhouse VA-13 

21 Mudpot, Men's Bathhouse 5-7-60 

(0.03 

(0.03 

(0.12 

0.083 

(0.03 

<0.001 



P 
0 

Map No. Name 

TABLE B-I11 (cont) 

F i e l d  
No. Ag Ba Cd 

21 Unnamed Hot Spring VA- 14 (0.03 (0.12 0.03 

21 Unnamed Hot Spring S-9-60 <Om03 0.037 (0.001 

21 

21 

21 

21 

21 

22 

22 

23 

23 

24 

Lemonade Spring 

Unnamed Spring 

Footbath Spring 

E lec t r i c  Spring 

Wonen's Bathhouse 

Spring, Alamo Canyon 

Creek, Alanm Canyon 

Bubbling Pool 

Bubbling Seep 

Spring, Short Canyon 

5-10-80 

S-3-60 

S-4-80 

5-5-60 

S-6-60 

S-1-60 

5-2-60 

VA-22 

VA-23 

S-8-60 

(0.03 

(0.03 

(0.03 

(0.03 

(0  .03 

<0.03 

(0.03 

(0.03 

(0.03 

<0.03 

0.055 

0.010 

0.030 

0.035 

0.053 

0.050 

0.042 

(0.12 

(0.12 

0.109 

(0.001 

(0.001 

0.004 

(0.001 

0.001 

<0.001 

<0.001 

<0.03 

<O .03 

(0.001 

Valles Caldera, Thermal Meteoric (Ring Fracture Zone) 

25 Spence Hot Spring VA- 1 (0.03 <0.12 (0.03 

25 L i t t l e  Spence Hot Spring VA-2 (0.03 (0.12 (0.03 

26 McCauley Spring VA-3 (0.03 <0.12 (0.03 

27 San Antonio Hot Spring VA-4 (0.03 (0.12 (0.03 

28 Bathhouse Spring VA-20 (0.03 (0.12 (0.03 

Val les Caldera, Soda Dam and Jentez Springs (Jemer Fau l t  Zone) 

co C r  cu Mo N i  Pb Sr Zn 

0.07 

0.017 

0.010 

0.024 

0.460 

0.100 

0.245 

(0 .001 

0.002 

<0.06 

<0.06 

0.005 

0.06 (0.04 

0.063 --- 
0.056 (0.001 

0.052 <0.002 

--- --- 
0.019 0.001 

0.005 0.008 

<0.03 C0.04 

(0.03 (0.04 

0.010 0.007 

(0 .06 

(0.06 

(0.06 

<0.06 

(0.06 

<0.03 (0.04 

(0.03 (0.04 

(0.03 <O.W 

<0.03 (0.04 

<0.03 (0.04 

29 Soda Dam Spring 

29 Soda Dam Spring 

VA-6 (0.03 (0.12 (0.03 (0.06 (0.03 CO.04 

VA-9 (0.03 (0.12 0.06 (0.06 <Om03 (0.04 

(0.10 

(0.002 

(0.002 

(0.002 

0.005 

0.004 

0.010 

(0.002 

(0.002 

(0.10 

(0.10 

(0 .002 

(0.05 

0.042 

0.016 

0.039 

--- 
0.220 

--- 
0.008 

0.003 

(0.05 

(0.05 

0.001 

(0  .14 

0.120 

0.004 

0.032 

-__ 
0.080 

--- 
0.004 

0.004 

(0.14 

<0.14 

(0.004 

<0.10 (0.05 (0.14 

<0.10 (0.05 (0.14 

(0.10 (0.05 (0.14 

(0.10 (0.05 (0.14 

(0.10 (0.05 (0.14 

(0.10 (0.05 (0.14 

(0.10 0.05 (0.14 

0.22 0.08 

0.027 --- 
0.060 0.440 

0.610 --- 
0.098 --- 
0.140 0.640 

0.065 --- 
0.180 0.880 

0.140 0.560 

0.40 <0.01 

0.68 (0.01 

0.340 0.160 

0.03 0.02 

0.04 0.02 

0.02 (0.01 

<0.02 <0.01 

0.02 (0.01 

1v38 0.02 

1.50 0.04 



TABLE B-I11 (cont) 

Map No. Name 
Fie ld  
No. Ag Ba Cd co C r  cu Mo N i  Pb S r  Zn 

(0.001 0.430 (0.001 <Os002 <0.001 <0.001 (0.002 <Om006 <0.004 1.48 <0.002 

0.002 0.396 0.002 (0.06 0.062 0.004 (0.10 (0.05 0.014 2.02 (0.01 

29 Soda Dam Spring VA-64 

29 Soda Om Spring VA-26 

29 Soda Dam Spring 

29 Grotto Sprfng 

VA-51 (0.03 0.206 (0.001 (0.001 (0.001 (0.001 (0.002 (0.002 0.044 0.890 <Os002 

(0.03 (0.12 (0.03 0.09 (0.03 (0.04 (0.10 (0.05 (0.14 1.40 0.01 

(0.001 0.360 <0.001 <0.002 <0.001 <0.001 <00.002 (0.001 <0.004 1.27 <Os002 

VA-5 

29 Outfal l  front Soda Dan Spring VA-65 

29 Unnamed Spring VA-27 0.002 0.206 0.002 0.002 0.098 0.006 (0.10 (0.05 0.006 1.90 <O.Ol 

30 Mafn J m z  Spring VA-10 (0.03 (0.12 0.03 (0.06 (0.03 (0.04 (0.10 0.10 (0.14 0.56 0.03 

30 Mafn Jelnez Spring VA-18 (0.03 0.24 (0.03 (0.06 (0.03 (0.04 (0.10 (0.05 (0.14 0.60 <0.01 

30 Travertine $wnd Spring VA-7 (0.03 <0.12 0.03 (0.06 (0.03 (0.04 (0.10 (0.05 (0.14 0.60 0.03 

30 Travertfne Hound Spring VA-66 <0.001 0.232 <0.001 <0.002 0.001 <0.001 <0.002 0.002 (0.004 0.59 <0.002 

(0.03 

(0.03 

(0.03 

(0 .03 

(0.03 

0.20 

0.60 

(0.03 

0.03 

(0.03 

0.06 (0.03 (0.04 (0.10 0.10 

(0.03 (0.04 (0.10 0.10 

(0.03 (0.04 (0.10 0.10 

<0.03 (0.04 (0.10 0.10 

(0.03 (0.04 (0.10 (0.05 

0.082 0.002 (0.10 (0.05 

(0.03 :0.04 CO.10 0.10 

(0.03 (0.04 (0.10 (0.05 

(0.14 

(0.14 

(0.14 

(0.14 

0.54 

0.56 

0.02 

0.02 

VA-17 

VA-8 

VA-16 

30 Travertfne Mound Spring 

30 Buddhist Spring 

30 Buddhist Sprlng 

30 Unnamed Sprfng 

30 80 f t  Aquifer 

30 80 ft Aquifer 

30 500 ft Aquifer 

30 500 ft Aquifer 

(0.06 

(0.06 0.52 

0.64 

0.54 

0.86 

0.40 

0.40 

0.04 

0.02 

(0.01 

(0.01 

(0.12 

0.35 

(0.12 

0.202 

(0.12 

(0.12 

VA-12 

VA-19 

0.0% 0.12 

(0.06 

0.002 

0.10 

(0.06 

(0.14 

0.006 

(0.14 

(0.14 

(0.03 

(0.03 

(0.03 

(0.03 

VA-25 

VA-15 

0.002 

(0.03 (0.02 

(0.01 VA-21 (0.03 

Valles Caldera Region, Miscellaneous 

28 San Antonio Creek VA-24 

31 Panorama Spring VA-28 

32 Pajar i to Spring VA-29 

33 Spring, white Rock Canyon VA-30 

-- 
0.176 

0.010 

0.014 

-- 
(0.03 

(0.03 

(0 .03 

-- -- _ _  -- 
0.018 0.002 (0.10 0.002 

0.018 (0.04 (0.10 (0.05 

0.006 0.004 (0.10 0.004 

-- 
0.002 

(0.14 

(0.14 

0.720 

0.132 

0.225 

(0.01 

0.001 

0.003 

0.002 

(0 .03 

(0.03 

(0.06 

(0.06 

(0.06 

P 
-1 



P 
Iu 

Name 
M P  
No. 

TABLE B - I 1 1  (cont) 

Fteld 
Sr Zn No. A9 Ba Cd co Cr cu Mo N i  Pb 

34 

35 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

34 

29 

48 

49 

50 

51 

52 

53 

54 

46 

Cold Mineral Seep 

Stno Sprtng 

Stno Spring 

Unnamed Spring 

Canon Spring 

Indtan Valley Well 

Unnamed Cold Spring 

Unnamed Cold Spring 

Unnamed Cold Spring 

Horseshoe Sprtng 

Unnamed Cold Spring 

Unnamed Cold Spring 

Unnamed Cold Spring 

Eddy's Well 

Cold Mineral Seep 

J m z  River 

Unnamed Cold Spring 

Unnamed Cold Sprtng 

Unnamed Cold Sprtng 

Apache Spring 

Unnamed Cold Spring 

Unnamed Cold Spring 

Turkey Springs 

Henson's Well 

VA-31 

VA-32 

VA-63 

VA-39 

VA-40 

VA-41 

VA-42 

VA-43 

VA-44 

VA-45 

VA-46 

VA-47 

VA-48 

VA-49 

VA-50 

VA-52 

VA-54 

VA-55 

VA-56 

VA-57 

VA-58 

VA-59 

VA-60 

VA-61 

0.005 

-- 
<0.001 

<0.001 

<0.001 

(0.03 

(0.03 

<0.03 

<O .03 

<0.03 

<0.03 

<0.03 

(0.03 

<0.03 

<0.03 

C0.03 

<O .03 

(0.03 

<0.03 

<0.03 

(0.03 

<0.03 

(0.03 

<0.001 

0.062 

-- 
0.017 

0.044 

0.082 

0.053 

0.010 

0.031 

0.129 

0.119 

0.047 

0.036 

0.068 

0.113 

0.022 

0.021 

0.065 

0.074 

0.018 

0.066 

0.016 

0.022 

0.056 

0.134 

0.002 

-- 
<0.001 

<0.001 

<0.001 

<O .03 

<0.001 

<O.Wl. 

<0.03 

(0.03 

(0.03 

(0.03 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

(0.001 

<0.001 

<0.001 

<0.001 

qo.001 

<0.001 

C O . 0 6  

-- 
<0.002 

(0.002 

C0.002 

0.001 

<0.001 

(0.001 

C O . 0 6  

0.001 

C0.06 

<O -06 

<0.001 

<0.001 

<o .001 

<0.001 

(0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

(0.002 

<0.03 

-- 
<0.001 

<0.001 

<O .05 

0.002 

0.002 

<0.001 

0.001 

0.008 

0.001 

0.001 

0.001 

<0.001 

<0.001 

0.001 

0.002 

0.005 

0.002 

0.002 

<0.001 

0.004 

<0.001 

<0.001 

<O.W 

-- 
<0.001 

<0.001 

<O .05 

<0.04 

<o .002 

0.020 

<0.04 

<0.04 

<0.04 

(0.04 

0.007 

0.021 

<0.001 

0.016 

(0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0.088 

0.002 

-- 
<0.002 

0.014 

0.048 

0.002 

<0.002 

<0.002 

<0.10 

0.001 

0.001 

0.001 

<o .002 

0.117 

(0.002 

<0.002 

<0.002 

(0.002 

<o .002 

<o .002 

<0.002 

C0.002 

<o ,002 

0.015 

(0.05 

_- 
<0.001 

<0.001 

(0.03 

(0.05 

<o .002 

(0.002 

(0.05 

(0.05 

(0.05 

<0.05 

<0.002 

<0.002 

C0.002 

(0.002 

(0.002 

<0.002 

(0.002 

<0.002 

<0.002 

< o m 2  

(0.002 

<0.001 

<0.14 

-- 
<0.004 

(0.004 

<O.W 

<0.14 

<0.004 

<O.W 

<0.14 

<0.14 

<0.14 

(0.14 

<0.004 

<0.004 

0.016 

<0.004 

<O .004 

<0.004 

<O.W 

CO.004  

<0.004 

<0.004 

e0.004 

<0.004 

0.146 

-- 
0.06 

0.95 

0.49 

0.160 

0.030 

0.038 

0.120 

0.088 

0.072 

0.071 

0.150 

0.288 

0.810 

0.038 

0.064 

0.043 

0.067 

0.064 

0.049 

0.051 

0.066 

0.28 

<0.01 

-- 
0.007 

<0.002 

0.016 

0.002 

0.025 

0.060 

0.006 

<0.01 

0.008 

<0.01 

0.300 

0.040 

(0.002 

0.036 

0.007 

0.015 

0.018 

0.020 

0.024 

0.008 

0.080 

0.015 



TABLE B-I11 (cont) 

Field 
lane No. Ag Ba Cd co Cr cu Mo NI Pb Sr Zn h P  

No. 

San YsidroJemez Pueblo Area, Miscellaneous 

55 Warn Mlneral Sprlng VA-33 0.006 0.044 0.006 0.016 0.008 0.009 <0.10 0.002 <0.14 7.70 0.001 

56 Zia Hot Well VA-34 0.015 0.120 0.013 0.063 0.026 0.027 <0.10 0.009 0.002 9.00 <0.01 

56 tia Hot Hell 

56 Zia Hot  Well 

VA-53 0.006 0.028 <0.001 0.004 0.004 0.020 <0.002 <0.002 0.360 4.75 0.007 

VA-67 <0.001 0.028 <0.001 0.006 0.020 (0.001 (0.002 <0.001 0.012 9.55 <0.002 

-- -- -- -- -- -- -- -- -- -- -- 57 Unnamed Hell VA-35 

58 Salt Spring VA-36 <0.001 0.032 <0.001 <0.002 0.004 0.016 <0.002 <0.001 0.008 4.82 (0.002 

59 Log Sprlng VA-37 

60 Owl Sprlng VA-38 <0.001 0.106 <0.001 <0.002 <0.001 (0.001 0.003 (0.001 (0.004 0.43 0.007 

-- -- -- -- -- -- -- -- -- -- -- 

P 
W 



TABLE B - I V  
OXYGEN AND HYDROGEN ISOTOPE ANALYSES OF WATERS I N  THE 

JEMEZ MOUNTAINS REGION, NEW MEXICO 

Map Date Temp 
NO. Name F i e l d  No. Col lected "C 6Do/oo  6 180 O / 0 0 

! 

Los Alamos Area , P a j a r i t o  Plateau 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Gal  1 e ry  Spring 

T-3 We1 1 

1-2 We1 1 

Sacred Well 

Basa l t  Spring 

L-6 We1 1 

L-1B Well 

L-5 We1 1 

L-4 We1 1 

PM-2 We1 1 

PM- 1 We1 1 

G-6 We1 1 

G-5 We1 1 

6-4 We1 1 

G-3 We1 1 

6-2 We1 1 

G-1A We1 1 

G-1 We1 1 

Spring, White 
Rock Canyon 

PM-3 We1 1 

LA-1 

LA-2 

LA-3 

LA-4 

LA-5 

LA-6 

LA-7 

LA-8 

LA-9 

LA- 10 

LA- 11 

LA- 12 

LA-13 

LA- 14 

LA-15 

LA- 16 

LA-17 

LA- 18 

LA-19 

LA-20 

8/78 

8/78 

8/78 

8/78 

8/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

9/78 

11 

13 

11 

14 

15 

27 

30 

26.5 

28 

23.5 

28 

30.5 

26.5 

26 

29 

30 

28 

29 

19 

27.5 

-84.3 

-73.8 

-73.5 

-81 -8 

-76.5 

-94.7 

-103.0 

-- 
-- 

-77.5 

-74.1 

-76.0 

-- 
-76.3 

-- 
-83.1 

-82.5 

-81 .O 

-76.8 

-- 

12.20 

-10.65 

-10.60 

-11.80 

-10.85 

-13.45 

-14.30 

-- 
-- 

-11.40 

-10.95 

-11.25 

-- 
-11.10 

-- 
-11.95 

-11 -80 

-11.65 

-11 .oo 

-- 

44 



TABLE B-IV (cont)  

Map 
No. Name 

Date Temp 
F ie ld  No. Collected "C 6 D o / o o  6 1 8 0 " / ~  0 

Val les Caldera, Sulphur Springs Area 

21 

21 

2 1  

2 1  

21  

21 

21  

21 

21 

22 

22 

23 

23 

24 

Mudpot, Men s 
Bathhouse 

Mudpot, Men ' s 
Bathhouse 

Unnamed Hot 
Spring 

Unnamed Hot 
Spring 

Lemonade Spring 

Unnamed Spring 

Footbath Spring 

Electric Spring 

Women's Bath- 
house 

Spring, Alamo 
Canyon 

Creek, Alamo 
Canyon 

Bubbl i ng Pool 

Bubbling Seep 

Spring, Short  
Canyon 

VA- 13 

S-7-80 

VA- 14 

S-9-80 

S- 10-80 

5-3-80 

S-4-80 

S-5-80 

S-6-80 

S- 1-80 

S-2-80 

VA-22 

VA-23 

S-8-80 

1/79 

9/80 

1/79 

9/80 

9/80 

9/80 

9/80 

9/80 

9/80 

9/80 

9/80 

3/79 

3/79 

9/80 

78 

82 

63 

-- 

58 

11 

33 

36 

90 

11 

11 

0.5 

7 

8 

Valles Caldera, Thermal Meteoric (Ring Fracture Zone) 

25 Spence Hot Spring VA- 1 7/78 45 

25 Litt le Spence VA- 2 7/78 34 
Hot Spring 

26 McCauley Spring VA-3 7/78 31 



TABLE B-IV (cont)  

Map Date Temp 
No. Name F ie ld  No. Collected "C 6Do/oo 6 180 "/ 0 0 

27 San Antonio VA-4 7/78 42 -92 .O 
Hot Spring 

28 Bathhouse Spring VA-20 2/79 38 -86 -4  

Valles Caldera, Soda Dam and Jemez Springs (Jemez F a u l t  Zone) 

29 

29 

29 

29 

29 

29 

29 

29 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

46 

Soda Dam Spring 

Soda Dam Spring 

Soda Dam Spring 

Soda Dam Spring 

Soda Dam Spring 

Grotto Spring 

Outfal l  of 
Soda Dam Spring 

Unnamed Spring 

Mai n Jemez Spring 

Main Jemez Spring 

Travertine 
Mound Spring 

Traver t ine  
Mound Spring 

Traver t ine  
Mound Spring 

Buddhist Spring 

Buddhist Spring 

Unnamed Spri  ng 

80 F t  Aquifer 

80 F t  Aquifer 

VA-6 

VA- 9 

VA-64 

VA-26 

VA-51 

VA-5 

VA-65 

VA-27 

VA-10 

VA- 18 

VA- 7 

VA-66 

VA- 17 

VA-8 

VA- 16 

VA-12 

VA- 19 

VA-25 

7/78 

1/79 

12/80 

5/79 

4/80 

7/78 

12/80 

5/79 

1/79 

1/79 

1/79 

12/80 

1/79 

1/79 

1/79 

1/79 

1/79 

5/79 

47 

48 

47 

47 

47 

38 

17 

29 

55 

36 

70 

72 

72 

49 

50 

49 

68 

73.3 

-84.9 

-- 
-85.2 

-- 
-85 -4 

-84.6 

-- 

-84 e 9 

-82.3 

-81.4 

-83.6 

-83.1 

-- 

-- 
-- 
-- 

-84 -0 

-- 

-12.65 

-12 -40 

-10.60 

-- 
-10.60 

-- 
-10.70 

-10.65 

-- 

-10.95 

-10.6 

-10.4 

-11.30 

-11.35 

-- 

-- 
-- 
-- 

-11 -3 

-- 



TABLE B-IV (cont.) 

Map Date Temp 
6 180 "1 0 0 No. Name F ie ld  No. Collected "C 6Do/oo 

30 500 F t  Aquifer VA-15 1/79 *. '60.5 

30 500 F t  Aquifer VA-21 2/79 61 

Val les Cal dera Region, Mi scel 1 aneous 

28 

31 

32 

33 

34 

35 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

34 

San Antonio Creek 

Panorama Spring 

P a j a r i t o  Spring 

Spring, White  
Rock Canyon 

Col d Mineral Seep 

Sino Spring 

Sin0 Spring 

Unnamed Spring 

Canon Spring 

Indian Valley Well 

Unnamed Cold Sprlng 

Unnamed Cold Spring 

Unnamed Cold Spring 

Horseshoe Spring 

Unnamed Cold Spring 

Unnamed Cold Spring 

Unnamed Cold Spring 

Eddy's Well 

Cold Mineral 
Seep 

VA- 24 5/79 2 

VA-28 5/79 13 

VA-29 7/79 20 

VA-30 7/79 18 

VA-31 8/79 19 

VA-32 8/79 21 

VA-63 12f80 ' 1 8 '  

VA-39 8/79 16.8 

VA-40 . 8/79 20.2 

VA-4 1 8/79 -- 
10179 . 17.5 

VA-42 8/79 15 

VA-43 a 8/79 ' 14.8 

VA-44 8/79 9.8 

VA-45 8/79 . 14 

VA-46 8/79 13.3 

VA-47 8/79 12 

VA-48 6/80 9 

VA-49 6/80 15 

VA-50 4/80 11 

-85 9 -11.8 

-- -- 

-92.9 -12.85 

-86.9 -11.80 

-74.5 -10.90 

-- * -- 

-92.9 . -12 -50 

-88 .O -12.30 
* .  -- -- 

-84 -6 -12.35 

-86 -6 -12 -35 

-87.1 -12.30 
-91.1 -12 75 

-85 a 0  -12 -40 

-78 . 2 -11 040 

-98.2 . :13.75 

-90 -2 -12 -65 

-96 .5 -13.60 

-99.1 -14.25 

-- -- 

47 



TABLE B-IV ( c o n t )  

Map Date Temp 
No. Name F i e l d  No. Col lec ted  "C 6D0Ioo 6 180" / 0 0 

29 Jemez River VA-52 4/80 

48 Unnamed Cold Spring VA-54 6/80 

49 Unnamed Cold Spring VA-55 6/80 

50 Unnamed Cold Spring VA-56 6/80 

51 Apache Spring VA-57 7/80 

52 Unnamed Cold Spring VA-58 7/80 

53 Unnamed Cold Spring VA-59 7/80 

54 Turkey Spr ings  VA-60 7/80 

46 Henson's Well VA-61 12/80 

t 

San Ysidro - Jemez Pueblo Area, Miscellaneous 

55 

56 

56 

56 

57 

58 

59 

60 

Warm Mineral Spring 

Zia Hot Well 

Zia Hot Well 

Zia Hot Well 

Unnamed We1 1 

S a l t  Spring 

Log Spring 

Owl Spring 

VA-33 

VA-34 

VA-53 

VA-67 

VA-35 

VA-36 

VA-37 

VA-38 

8/79 

8/79 

4/80 

3/81 

8/79 

8/79 

8/79 

8/79 

5 -94.4 

11 -88.6 

8.5 -90.5 

6.5 -87.6 

9 -85.1 

15 -80.5 

17 -80.1 

18 -76 .O 

19 -81.2 

27 -86 -6 

56 -89.8 

54 -89.0 

53 -- 
21 -101.4 

29.2 -84.9 

28.5 -87.7 

17.6 -86.2 

-13.20 

-12.60 

-12.75 

-12.55 

-12 -25 

-11.55 

-11.60 

-11.00 

-11.30 

-10.40 

-11.25 

-12 -55 

-- 
-13.65 

-10.20 

-12.25 

-12.15 

48 
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