Preliminary Interpretation of Water Chemistry and Groundwater Levels in the Eastern San Agustin Plains and Upper Alamosa Creek, New Mexico
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GROUNDWATER AGE
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GEOLOGY PHYSIOGRAPHY

e Tritium, *H: (0-50 years)

O e Study area encompasses the eastern Plains of San Agustin as well ~——Calcium Ghloride ———»- -Average Alamosa Creek apparent age: 3,840 ybp. -Presence of tritium indicates younger water.
\ &2 as upper Alamosa Creek. The former Is a topographically closed basin, | | | - ;
| O\ whereas the latter drains southeastward into Elephant Butte Lake. e Zi -Average San Agustin Plains apparent age: 11,000 ybp -Alamosa Creek drainage basin: highest °H values.
_ 1D | _ | P J s g . S N, e ) -Oldest sample ~23,000 ybp. -Young, recent recharge.
: - AR e Alamosa Creek is ephemeral except for a perennial reach in the Alamosa Creek, with higher sodium concentrations in the east - old les at flow barri S
)\ Monticello Box, which is in a structural high underlain by low-permeability San Agustin Plains. This may reflect the occurrence of clays 0 1 2w s7g - Izr edtilieeid O:;Vf alr l‘: 1ers -San Agustin Plains: litfle or no *H detected.
& -_ T . ] : ; : g : : s I [r:_?ﬁm '15 . . .
o 5| volcanic rocks. Wlth"_" the east Sa_n AQ‘_JSt'" P|a'“5_ region in playa an_d distal (caldera margins and faults) -Recharge not occurring near sample sites.
| _ _ - alluvial fan deposits. Bicarbonate is the dominant anion for
NN e The perennial reach is fed by fault-controlled warm springs just west of most of the sampled waters. Structure-influenced and warm _ TR | " Cttvens | AT - o
: _ 2 . : - : : : ) T eV AN ' ~ o Fitium
&l the Box, as well as from basin-fill seeps immediately west (up-gradient) waters have higher chloride and sulfate concentrations. Te m eratu re ;:g,—, | N 14C I BTN _ g - mam 3H __.__,,f’ ") (E o <0
: - ¥ . , Sl ) () R > ® 2501-5000 ST e ) B N o= 002
L WA\ of the structural h]gh_ p vty 1} 1 / strr ...f,,./ Y/ rif‘%i.,/ ; 7z ® 5001 100m | F {i’ {ﬂ;f _ A ; ;E _2;'20
{ 4 | 77 2 %" 4 SNE 7 i ,..I' | il A _. | @ 0001-20000 | 2 " | | @:0-10
e T R Ac E c H E M I ST RY A _:u ki ‘H . ,q : l 5 5 .zo,nm - 22,900 = 'n__‘ AR 1_:,, i R .4_00
H: ,::;': I ALY L ._;»J / i Ve Y (1 I =N A s = Flow Barrier | i ) N ,! ol i 7 _
/e : il . \\, ‘o Datil oy = = Flow Barrier (unc) ‘e Datil T o ane
.............. / 7 f ' i, . - N S AE ) el . oy X 6310 ! _ Caldera margins ! = = Flow Barrier (unc.)
............ i&g ’ .'f::jl : fr?wf : } Chromium (ppb) : £ st ,-;;(‘f' "r\(f .' J Strontium (ppm) “f 'f)a['il . . o e . ; .’.‘ {5} ' ; _ Faults ; "ﬂ13 {0} - Caldera margins
I j :; JJIL ‘; \ . P : /, _':f "];5:; ,f’ . ; \ , O 0.005 g : : 5. S ; ; ) . . I | 3 ; Faults
“?5':‘ ; 6(\ -':'I. k ' ben | G Ro U N D WAT E R F Low C r '. JIQ : g ?i';g Sr I: lf\I/f B / ® Gz .'..:J 15 15:1; ~ E@ EA-;EI‘” . - Large / Ko { ) ‘ Large . . .
G (@\0 f .-;i% \ gra - : - LA ' © 30-50 ot A © 005-0.10 15-'5!_.1_\55 T : : £ R Array ® — s Amay %
£ [ | . | == Ll L -y e § . Ny Ay SR
; o X 2% } e ' g |~ Elow direction I. '-‘“x*"”,;'ﬁ*atil_ | :;?;Eﬁr "f::r“-;f'ﬁa{ii : ' ® 050-1.00 :"1‘? ;e o = '_ - | | /I ' I-"' | :. '! @ '_ L . ' ) (o AN =
e ' - ( | == Flow Barer 78 & Om = = Flow Barier (unc) 21450 & O oy ¥ e s _‘1'3'1“.'" .. 1es) A7) 15 g ' I ) ' 10,060 [ 21 |
.» - . r J" | e o i fiAad p - 4 &0 I:.‘rterge - sA ~02® E:E:;m margins : Al {60 I:._.rge ] SA-M@ :E:Z: g::::wm] BN . ‘L:r’ : .26_ : ; Ul |; : _ , : :. .! i . 7 : ‘0@2 . _ . -
ff 1 - .. _5‘.;‘ | | ~— Caldera margins A s o . -ﬁ"a:!r.-\ A A . i 7 | =l ._ A"a: N Caldera margins : . a0 m/ = ’15 I | : i . - : . .
fit i il | Fauts Q™ o e gai g S — i 9 L )21 135/ ”55 246\ | i 12540 7 7 L BN |
| M } ; ; : .'rll j > i 2[]55 Water elevation e , y.. B ," A . | @ o o / I._. d I:-_a . j | . b | /ﬁ’r‘éé . 15.7 .f_- ’ . g 113,800 : g — ‘{][]4 f 0 U? iy W -
f o & < / ’ (m above sea level) il S Wi ! L : (=) e . il 1? : . : o i o : ; _/_/ ']
[ R 2 ), 16 KT T, P s 4. o '/"-_ ~ @ % ’b ® o 22.1 0151.. PR _ At g i _ ' AL E,
( / .j:*. 18 | .. );d ) : ® ) .- : | @ X = ; 2 | .. . v 130 1-3 9.1 [52] AR «1 -.__\- SA-019552 Iy ,r i
e o -\ ' e g ) 2 \ 0 AT G | . 0 i = e : VWig gy ™ 185 ' i 1,020 ik | 00 ot
5 O - '-:'.I &, ks . [ e : i | r ; [52 . @_ s - 52 'D @ = ) I. ., ' _:.J" I @ . L : .;'- & . £2 J:_“
\/L-)\ 274 I'L II'-';:II e U | z, I o ﬂ: > il ' q = 5 7 s i: 77 Cl _ A 4 “_,.r“"*jr{ sl | ; FARESEA B r{/_\cii}l | | { exgiat 2 s I | s * :
'?pr \ A 2y .: | : (S e | iR e | -. o : ﬂ] B Rl | :;";23“3 N L 22800 Xy /i
<ff Y P f“\\‘ L NG Pr e / 52? 2{:}1}. ¢ T O Vo Ly wllac i F Ui i : ° ® fekainy 2V 7 = 2 e /s o 12, | @ . (el 70 }*
! iy : : 23y , lz ¥ « _ 0 1B ST . 2 : ) 1 : . 264 Lo : Y \ & | }
- 4 | \ S | pars _.-' 20?1 S Ny mzus a5 , mm Xl jv A y 2N J. : | 7 L N7 il
) T IR AE | ' Eﬂ?fi 237] 2072 L Wl e J | / N\oseonss 20t | X LA A SR 7
QUATERNARY-MIOCENE SEDIMENTS il 7 ¥ ! @ . Rt LN o 2288 = OGSO L) =R W .
Qa  CQuatemary alluvium : .‘-}- g J.-':f? . B i ; 2{}?2 - ‘\ %Ta . ' o o SA‘PEH XL .t \ N V4 } 'I 5 - &I'T. I > 5'1 2
Qp  Piedmant sediment -._- f ."5': : ;.’-J‘:I. e ! ey 2 _:"_,._._- . o \ \ > : \ .!. 4_: o F Ol ,.- ) P A
g? ::laCESUIMT s:adme-m ;: ” . 4],1{ \ i -II : ( 161; | \1 | N / fk-«\ ® - 1' |_\ | J
'- D.ng kit e o 7/ o oy f | B o 5 Laie S / ,:.i;“, _.-'\i'i'-\ ,x‘? ';-.EJ‘?D'; r 5
Tsf  SantaFe Group deposits under McLure Hills ’j‘f v oy, $1Z _’ | - ® Temperature celcius A -_‘a._':e«_....',__._,“ ~;~, Q;Elil 4 N \
MOGOLLON GROUP - = - ) | Q <12 (, , i U o o ] {23
VOLCANIC ROCKS ; \ ¢ ':: i . M Wﬂrm 5Pﬂﬂ'§$ M . 1210 | 28 I e 5/"'_',*_ ,/ 'JJ 'r ..-{! N
| Tuau Upper basalic andesites to andesites F Pl 1R r \ - _' i i ..._..J'f__E 7 0y '.'.'A-?.—E _J 15-18 : . e 16? ! | : 'i 1" ﬂ'.-'ﬂ L7
Tual Lower basaltic andesites to andesites ) : A E 2062 2{} 0 : / i ) 18-24 i\- . ’]TE \ S\A, | " wa",“ 5?”“95
| Turf  Rhyoiitic lavas andiuu;a;tuﬁs L‘n@igi i) 5 7 ” alluvial gap-r" L@ 01 2M 01 2M 21-24 3 151:,?9 I' ’ i: | W#E ’ \I:fF s f
_ = N &5 +— @2063 206?’ Ll L = | , 360 T \
Rhyolitic pyroclastic rocks e "( - A - | 063 IR T ; | [ | \ g i 4,36{1 |
 Turp Rhyoliic py 5T g |5“ Ty . 017 Km | 012 Km 24 .27 15.7 \f- , ‘ U : | 12800
| Tuy  Basaltic andesite lavas and ash-flow fuffs Esf:‘_‘.h-‘:-a : -.h_; | y : 2062 \ 2060 a i i 111:; ,,2{}? .. . d 2;5 oM 3 -1I 1’3 5 v .!
DATIL-SPEARS GROUP bf( @\\ Loy 2 €062~ © o | | | | /2130 X 112 7[.,{ )) w1 7 / SR ]
R sassasis T S o, e Chromium: Very low concentrations e Strontium: Moderate values found in Oa-3 / Wi Wg‘r\m Spnngs — — — - m——
—isinciowialll __? ?, ! (1 ppb) found in Alamosa Creek, highest Alamosa Creek, highest located near cal- (Dss-3s “‘;:2 14._@;1?5 14
| wolitic lavas and local tulfs ,f 1 . : : ﬂ : - '.’_, : K
Tia et ocacielans and - - B found at caldera margins and flow- dera margins. Lowest values found away e 25101 %) Shadhd 181 ' L 17,52
uffaceous volcaniciashc sadiments & {4/ '!'--TI e =1 - 3 . 3 y - 5 - x = = Flow Barrier {unc. ; (e | i el .‘v_,
- { = v e . impeding faults in San Agustin Plains. from structures in San Agustin Plains. Sup- ~— Caldera margins Etjg 168 / bR
! : R : : . . . : — Faults
i it P . i Away from structures in San Agustin ports higher sorption of cations in San '
- SR S W Plains, intermediate concentrations Agustin Plains relative to Alamosa Creek. e Temperatures greater than 30°C are found at
. S | S found (5-10 ppb). o
o The eastern San Agustin Plains is underlain by three fault-bounded ( Ppb) iﬂﬁ Jt‘:;f:f‘;’: Z“;he'i? Séfﬁﬁju(r?jng1fggi)m Ty CONCLUSIONS
structural grabens, which are labeled above. L i 5 TR | P ey SR ey TN Ui o eastem San Agustin Plains (SA-0191)
) ST A o b e . D014 AT A P : NN ~ Q0 g 1 ; ; - : : 4 i
: e F o | 771 0014030 U g NI e @ 0.0 -Along eastern boundary of the eastern San Agustin Plains (SA-0211) e Shallow aquifers of eastern San Agustin Plains and Eastern San Agustln Plains and Alamosa
e Being about 3,600-3,800 ft deep, the C-N graben and the western part - &7 SN - 6 030-050 25 34 ©01-05 Al Crank show distinetand 5 it f . o
Sl e - ® 050-100 TR i © 5. o - upper Alamosa Lreek show distinct and separate paterns ot Creek show little subsurface connectivity.
of the North graben are the structuraly deepest parts of the eastern e S e to-300 Coir o b o5 e [emperatures between 25°C and 30°C are found at Croundumten low ditechions :
San Agustin Plains p g B ® 300-500 G A O T e Norther caldera margins (SA-0183), and L | ) Boundaries for lateral flow are structural fea-
- R - _ ® 500-540 s o ® 10-17 ' > - . . .
e . R 5 @2 P sy oo E e @ P s e “The northern Black Range and Luera Mountains (SA-0205). #Aa]m 'OI" Che’t]"'ztr% " tures (caldera margins and basin-bounding
e The upper Alamosa Creek drainage has developed in the west-tilted, i TR - o 6 © o amy o K9). == FowBai(uc) | | -Trace element chemistry,
. e & ® 0 A il Cadora magin o . faults). These features also serve to focus
northern Winston half-graben, whose basin-fill thickens westward towards S%l D)8 e 5 T o o ol |ie T the 3329?0911?1%& EELIQ?é)gi;?:eni‘:fz}i;;ﬁrgfderatures e -Stable isotopes, and Iatera: flows within each basin
- - ; =k | | R ) [Lms ; ™ : . : 1 5
the Black Range fault. This basin was probably closed throughout the @ ‘9/- Y o b JU _ . e ‘;/ * e L _ With higher temperatures along southwestern, western and -Distribution of groundwater ages.
Miocene, and playa deposits are observed northwest of the Monticello Box. n @7 9 - s R e.” southern boundaries. .
, and playa dep o OO gz O P s e (Caldera margins and some fault/transfer zones are In eastern San Agustin Plains significant
. . . . =2 @ O —~ _ £ 2 @ | .
e \/olcanic rocks underlie the Monticello Box, and a fault system extends north S D~ ) ¥ e O~ Y e Temperatures greater than 30°C are found at -Barriers to shallow lateral flow, and evidence exists for westward flow out
from the Monticello Warm Springs towards the caldera margins. * o e : W %‘9 Jt“““t’f“ g thm‘f;’a"‘.’e’? (sdg-mf%l)t, e -Pathways for upward-flowing warm waters. of the basin in the alluvium, through the
i _ D ! | R LI W L & . -1 Ne transier Zone o1 basin dbounding 1aults ot tne wesliern an e -
. . . - A - I M [ . - l'."'_ Fh o= T 1 £ - G u u
e The volcanic rocks of the Monticello Box and the mountains surrounding the 1 . . NN ¥ i?""'tem SE:“ A%“F’t'"dp’a'”fgh‘mtg”’ g”d e Bl e (S A 1 e Caldera margins are associated with the oldest waters, Luera Mountains. Most recharge likely
: S L - &/ : et | 5 2 _ : : o :
study area belong to the Mogollon-Datil field. o | | YN A o ong eastem boundary of the eastem San Agustin Plains ( ) high water temperatures, high major ion concentrations, accirred diiring snow.dominated wet
e Eastern San Agustin Plains have generally low groundwater gradients and KA - - g
| o - - L[ NN g 74 and high trace element (Sr, F, U) concentrations. iods at 10 k d earlier. P rtionall
e | ower volcanic strata consist primarily of tuffaceous, very low-permeability reflect subsurface structural controls. L - e perioas a a and earlier. Froportionally
volcaniclastic rocks interbedded with intermediate volcanic flows oo o ’ - s . Zo el | ¢ vl e The fault bounding the north-western C-N graben focus little modern recharge indicated by water
(38-37 Ma). e Upper Alamosa Creek groundwater flow mostly reflects surface topogra- Tl b 1 Wi o e W e flow through alluvial gap, and has high water temperatures chemistry or flow paths.
| | | | - phy. Possible ancﬂlaa_’y fault-controlled path along eastern boundary with )8 (N 2 28 N 2 ACKNOWLEDGMENTS and high trace element (Cr, F, somewhat U).
e Middle volcanic strata generally consist of regionally extensive ignimbrites outflow at Warm Springs. o€ .. o Vamsprnes T u o) o Namserines T _
and volcaniclastic strata (36-32 Ma). | | | | r (Vo B=ak A3 "~ T [\eo oM AL 455 e g f B woriccame fiom e Moo Bhrean s Eedloqy and Miberd e Some faults in Alamosa Creek and along southwestern In Alamosa Creek, groundwater is less
B v 01 2M | 01 2M 2 : . .
e Overlying a regional unconformity, upper volcanic strata are dominated * bH 9n grogr][;‘iw?]terdele\iatlon fgradlen;\sl ISl a’E:boulr(lda?hbdgtween C-N :ﬁb e i B¢ j' U AP ey ot Resources (a research and service division of New Mexico Tech), the Aquifer San Agustin Plains (due west of caldera complexes) may saline and younger. Groundwater flow is
3 dasin an e nNeadwalers or upper Alamosa ureek, wi ivergence ot 1iow - M e N ' ; : ke : J Mapping Program at the New Mexico Bureau of Geology and Mineral Resources, - : 3
bv hiah-silica ianimbrit | iclasti di t and bimodal vol ' : - : pp : J : Healy Foundation, USGS National Cooperative Geologic Mapping Program, and focus lateral flow to the south and west, respectwely_ tOpogl'aphIcally Controued, with some
y high-silica Ignimbrites, volcaniciastic sediment, and bimodal volcanic directions. This suggests underlying caldera complexes act as flow barrier. Fluoride: Highest trations found Uranium: Hiahly variabl t i N Mo Office Gt State: Erviiess: Suppirt arkd Kindkisss Ob iy - | | | bl structural ols indicatedi 3
flows of basalt-basaltic andesite + rhyolite (29-25 Ma). o S At Pl ot o the vt Flow . ll‘g” €. nignes C?j"f‘lje” raﬁlor][_s 0?" Itnear " X ram?m. : ]t?] y W;”at - iﬂ”ﬁeﬂ rat_ property owners and managers in the San Augustin Plains and Alamosa Creek e Major ion chemistry concentrations and Sr concentrations possibie SUMCIUITACOIUOIS IOICALC o) g
® [4dsiermn oah ustin riains genera rain to the west. riow Is caldera margins and riow-efrecting raults. IONS 1oun rougnout, wi Ignes area provided access to wells, springs, and lands. Without their support and - : : : : &
e The topographic divide between eastern San Agustin Plains and upper : g I aE ok - = : provided access, this important baseline work would not be possible. We would are consistent with greater sorption by clay minerals in upland valleys. Groundwater flow in center 2
pUgRC IS Shid : ay Lo o funneled through shallow alluvium with fault controlled divide in the Otherwise, shows increases In concentra- concentrations located in or around 2150 lie to acknowiedge Peggy Johnson for her scientiic nsights and helpfu San Agustin Plains than in Alamosa Creek. of valley is likely shallow and relatively fast. !
Alamosa Creek coincides with three overlapping caldera margins. west-central region, and possibly along faults and fractured volcanics tion with flow path. Supports flow paths and shallow volcanic rocks, caldera direction on this project, Trevor Kiudt and Cathie Eisen for their work collecting :
Ferauson et al (20 1 2) - - : - - : field data in this region, Brigitte Felix for her diligent attention to graphic details, §
g : : In the west-southerly region. may highlight recharge in fractured rocks. margins or fault zones. et Kilty Pokormy forher hel i dala marmnement. 5
%






