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A regio na l ma p  o f the wa ter ta b le in the no rthea stern Tula ro sa  
Ba sin regio n ha s b een p rep a red  b a sed  o n eleva tio ns o f sp rings a nd  
well wa ter levels. Wa ter levels were mea sured  b y the New M exic o  
Burea u o f Geo lo gy a nd  M inera l Reso urc es fro m 2009-2011. This 
ma p  extend s up  to  the western esc a rp ment o f the Sa c ra mento  
M o unta ins, a nd  is a n extensio n o f the wa ter ta b le ma p  o f the 
so uthern Sa c ra mento s p rep a red  b y La nd  et a l. (2012). 

 In genera l, within the a rea  ind ic a ted  o n the ma p , mo st 
gro und wa ter flo ws fro m ea st to  west fo llo wing to p o gra p hy. Nea r 
the c rests o f the highest mo unta ins in the regio n, fro m the Sierra  
Bla nc a  mo unta ins to  the so uthern Sa c ra mento s, a  gro und wa ter 
d ivid e exists wherein so me gro und wa ter flo ws west into  the 
Tula ro sa  Ba sin regio n, while the rest flo ws ea stwa rd  to wa rd  the 
Pec o s Slo p e. Wa ter flo wing west into  the Tula ro sa  Ba sin 
eventua lly flo ws so uthwa rd .  

 The a quifer system in the so uthern Sa c ra mento  M o unta ins is 
d evelo p ed  p rima rily within the Yeso  Fo rma tio n, a nd  the va st 
ma jo rity o f wa ter sup p ly wells p ro d uc e fro m fra c tured  c a rb o na tes, 
siltsto nes a nd  mud sto nes within tha t ro c k unit (La nd  et a l., 2012). 
By c o ntra st, a quifers in the no rthea stern Tula ro sa  Ba sin regio n 
o c c ur within severa l d ifferent geo lo gic  fo rma tio ns with highly 
va ria b le hyd ro lo gic  p ro p erties. The hetero geneo us a quifer system 
in this a rea  results in p a rt fro m the fa c t tha t the ma p p ed  a rea  
c o vers severa l d istinc tly d ifferent p hysio gra p hic  p ro vinc es with 
d iffering und erlying litho lo gies. The p rima ry p hysio gra p hic  
p ro vinc es, whic h were id entified  b y M a mer et a l. (2014), inc lud e 
the Tula ro sa  Ba sin, the Ca rrizo zo  hilly p la in, the no rthern high 
mo unta ins (i.e. Sierra  Bla nc a  a nd  No ga l Pea ks), a nd  the so uthern 
high mo unta ins (so uthern Sa c ra mento  M o unta ins). A signific a nt 
numb er o f wells a re sc reened  in two  o r mo re a quifers. The wa ter 
ta b le rep resented  o n this ma p  thus reflec ts wa ter levels in multip le 
wa ter-b ea ring zo nes, a nd  is intend ed  to  sho w regio na l gro und wa ter 
p a tterns a nd  flo w p a ths. Lo c a l c o nd itio ns ma y d evia te fro m the 
la rger sc a le, genera l trend s sho wn o n this regio na l ma p .  

 
The p rinc ip a l a quifers in this stud y a rea  inc lud e:  
1) Fra c tured  c a rb o na tes, mud sto nes a nd  siltsto nes o f the  
 Permia n a ge Sa n And res, Yeso , a nd  Ab o  Fo rma tio ns;  
2) la te Creta c eo us to  ea rly Eo c ene fluvia l c ha nnel-fill  
 sa nd sto nes, flo o d p la in d ep o sits, a nd  ma rine nea rsho re sa nd s  
 o f the Sa nd ers Ca nyo n, Cub  M o unta in, Creva sse Ca nyo n a nd   
 Ga llup  Fo rma tio ns. While these a re a ll d o mina ntly sa nd sto ne  
 units, the lo wer Creva sse Ca nyo n a nd  Ga llup  Fo rma tio n a re  
 less p ermea b le (M a mer et a l., in p ress). But b a sed  o n d rillers  
 rec o rd s these units a re d iffic ult to  d istinguish, therefo re a re  
 gro up ed  with the mo re p ermea b le o verlying units fo r this  
 ma p  p ub lic a tio n;  
3) Sierra  Bla nc a  vo lc a nic  flo ws a nd  vo lc a nic la stic  sed iments  
 fro m the la te Eo c ene a nd  ea rly Oligo c ene ep o c hs; a nd  
4)  La te Eo c ene thro ugh Qua terna ry sa nd s a nd  gra vels o f the 
 Tula ro sa  Ba sin fill.  

 
In a d d itio n to  these fo ur ma jo r a quifer systems, three wells nea r 

the western ma rgin o f the ma p  a re sc reened  c o llec tively in lo wer 
Creta c eo us Da ko ta , Tria ssic  M o enko p i, a nd  Permia n Gra yb urg 
sa nd sto nes.  

Wa ter reso urc es in the no rthern a nd  so uthern regio ns a re 
d istinc tly d ifferent. In the so uthern regio n, mo st wa ter wells o n the 
western  esc a rp ment  o f the Sa c ra mento  M o unta ins p ro d uc e fro m 
the Yeso  a nd  Ab o  Fo rma tio ns. The steep  hyd ra ulic  gra d ient o n  
the esc a rp ment o f 200 to  400 feet p er mile reflec ts b o th the steep  

to p o gra p hy o f the a rea  a nd  the rela tively lo w p ermea b ility o f tho se 
litho lo gies. Nea r the villa ge o f Tula ro sa , b o th the to p o gra p hic  a nd  
hyd ra ulic  gra d ients fla tten a b rup tly. Wells no rth, so uth a nd  west o f 
Tula ro sa  a re sc reened  in stra ta  tha t inc lud e p o ro us a nd  p ermea b le 
sa nd s a nd  gra vels o f the Tula ro sa  Ba sin fill. In c o ntra st to  the 
western esc a rp ment, the hyd ra ulic  gra d ient in the Tula ro sa  Ba sin 
p ro p er is o nly 20 to  30 feet p er mile. 

No rth o f Ro c ky Arro yo , nea r Three Rivers, the Yeso  Fo rma tio n 
c ea ses to  b e a  p rima ry wa ter so urc e. The Ca rrizo zo  hilly p la in is  
a  tra nsitio na l a rea  b etween the no rthern Sa c ra mento  M o unta ins 
a nd  the no rthern Tula ro sa  Ba sin. M o st wells in this a rea  a re 
sc reened  in either Creta c eo us a nd  Eo c ene c ha nnel sa nd sto nes o r 
Eo c ene-Oligo c ene vo lc a nic s. A few wells in the Tula ro sa  Ba sin  
o n the western ed ge o f the stud y a rea  p ro d uc e fro m b a sin fill  
sa nd s a nd  gra vels interb ed d ed  in c la yey-silty fine sa nd . The 
hyd ra ulic  gra d ient in this a rea  ra nges fro m 75 to  200 feet p er mile, 
b ec o ming muc h steep er nea r the fla nks o f the no rthern high 
mo unta ins, a nd  muc h fla tter to  the west in the Tula ro sa  Ba sin. 
Wa ter level c o nto urs in the vic inity o f Ro c ky Arro yo  a re d a shed  
b ec a use hyd ra ulic  c o ntinuity b etween the no rthern a nd  so uthern 
ha lves o f the stud y a rea  is unc lea r d ue to  the d ra ma tic  c ha nges in 
b ed ro c k litho lo gies. 

 La te Eo c ene a nd  ea rly Oligo c ene vo lc a nic  ro c ks yield  wa ter in 
the Go d frey Hills a nd  a lo ng No ga l Creek, p rima rily fro m flo w 
b rec c ia s. Bec a use o f their simila r sa nd sto ne litho lo gies, we 
gro up ed  the Creta c eo us-Eo c ene sa nd sto ne a quifers (Sa nd ers 
Ca nyo n, Cub  M o unta in, Creva sse Ca nyo n a nd  Ga llup  Fo rma tio ns) 
whic h a re to  va rying d egrees, hyd ra ulic a lly c o nnec ted  to  ea c h 
o ther, a nd  c a n b e rega rd ed  a s a  single a quifer unit. Ho wever, the 
lo wer Creva sse Ca nyo n a nd  Ga llup  Fo rma tio ns a re mo re c emented  
a nd  less p ermea b le, so  there a re so me hyd ro lo gic  d ifferenc es 
within this gro up  (d isc ussed  in mo re d eta il in M a mer et a l., in 
p ress). The d egree o f c o mmunic a tio n o f these sa nd sto ne a quifers 
with the la te Eo c ene-ea rly Oligo c ene vo lc a nic s is less c lea r. 

Co nto urs in the no rthea st c o rner o f the ma p  a re d a shed  where 
they extend  a c ro ss Ca rrizo  M o unta in to  ind ic a te unc erta inty a b o ut 
the d egree o f hyd ra ulic  c o ntinuity b etween the fra c tured  igneo us 
intrusive ro c ks tha t fo rm tha t fea ture a nd  Creta c eo us-Eo c ene 
sa nd sto ne a quifers to  the so uth a nd  west. Co nto urs extend ing up  
the fla nks o f Sierra  Bla nc a  a nd  No ga l Pea ks a re a lso  d a shed  
b ec a use high eleva tio n sp rings in tha t a rea  a re p ro b a b ly 
d isc ha rging fro m p erc hed  a quifers fo rmed  in fra c tured  igneo us 
intrusives, a nd  a re p ro b a b ly no t hyd ra ulic a lly c o nnec ted  to  
a quifers to  the no rth a nd  west. 

Ca rrizo zo  sp ring, a b o ut two  miles no rth o f the to wn o f 
Ca rrizo zo , p ro d uc es wa ter a t a n a no ma lo usly high eleva tio n. Field  
o b serva tio ns suggest tha t the sp ring ma y b e d isc ha rging fro m a  
Creta c eo us b ed ro c k high, whic h c o uld  a c c o unt fo r its rela tively 
high to p o gra p hic  p o sitio n.  
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Comments to Map Users 
The p urp o se o f this ma p  is to  illustra te imp o rta nt a sp ec ts o f 
regio na l gro und wa ter flo w. Gro und wa ter eleva tio n d a ta  d ep ic ted  
herein were c a lc ula ted  p rima rily fro m d ep th -to -wa ter 
mea surements ta ken b etween 2009 a nd  2011 b y the New M exic o  
Burea u o f Geo lo gy a nd  M inera l Reso urc es (NM BGM R) a t  
New M exic o  Tec h a nd  fro m the eleva tio ns o f sp rings. Lo c a tio ns 
where these d a ta  were no t a va ila b le, sta tic  wa ter levels were used  
fro m selec ted , rec ent New M exic o  Offic e o f the Sta te Engineer’s 
(NM OSE) well rec o rd s. Wa ter ta b le c o nto urs fro m Slo a n a nd  
Ga rb er’s (1971) wa ter ta b le ma p  o f the M esc a lero  Ap a c he 
Reserva tio n a re sho wn a lo ng the ea stern ma rgin o f this ma p . La nd  
surfa c e eleva tio ns used  to  c a lc ula te gro und wa ter eleva tio n va lues 

o rigina ted  fro m the 10-m d igita l eleva tio n mo d el (DEM ). 
Gro und wa ter levels in the vic inity o f p ump ing wells a re erra tic  
a nd  fluc tua te signific a ntly o ver time a nd  na tura l va ria tio ns a lso  
o c c ur. The user sho uld  b e a wa re tha t c o nd itio ns c ha nge a nd  
info rma tio n c o nta ined  o n this ma p  ma y no t reflec t a c tua l o r c urrent 
c o nd itio ns. Site- a nd  time-sp ec ific  c o nd itio ns sho uld  b e verified   
b y the user. All a d d itio na l info rma tio n c o nta ined  o n this ma p , 
o ther tha n gro und wa ter eleva tio n d a ta , a re interp reta tio ns o f the 
a utho rs. The gro und wa ter eleva tio n c o nto urs were d ra wn b y ha nd  
b a sed  o n the a utho rs interp reta tio n o f wa ter level d a ta . The 
gro und wa ter eleva tio n c o nto urs were used  to  further interp ret o r 
genera te gro und wa ter flo w d irec tio n a nd  the b o und a ries o f 
gro und wa ter flo w units.  
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