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3373000°N = S AP e B =7 Zes00- / . ,T j (Partial description of units; complete descriptions are found in the accompanying report)
A o= r el Z
oo | e NI b oL 7 X Hillslope and landslide units (Quaternary)
E 4 sl / st__>2 = LN aray Colluvium and talus (middle to upper Pleistocene and Holocene) — Poorly sorted, angular to subangular, clayey-silty sand and
1A= 2 Jih o, ) Qah Qct gravel mantling middle-lower hillslopes. Weakly consolidated. <8 m thick.
o - T o il ~ Qahm
/. A= S - ' A = 7 _ Slopewash deposits (upper Pleistocene to Holocene) — Sand and pebbly sand forming thin mantles on older Quaternary gravel or
f'_‘Qtt y f // ' il B Qs on bedrock underlying hill footslopes. Unconsolidated and massive. Maximum thickness 4 m (13.1 ft).
=~ L \__ \ )
s — Qtimy 5 { / Qs/Qao Slopewash deposits overlying older alluvium (upper Pleistocene to Holocene)
ttl = i 2
Qay" = 5 % = 7 / 3 W i 3708000 Qs/Qaol Slopewash deposits overlying the younger allostratigraphic unit of the older alluvium (upper Pleistocene to Holocene)
e A A b { Qs/Qao2 Slopewash deposits overlying the middle allostratigraphic unit of the older alluvium (upper Pleistocene to Holocene)
3708000 ki BT
Z ; A / i oy Qs/Qao3 Slopewash deposits overlying the older allostratigraphic unit of the older alluvium (upper Pleistocene to Holocene)
" LI, e § Qs/Trrwib Slopewash deposits overlying biotite-bearing dacite of the Whiskey Hill Member of the Red Rock Ranch Formation
e =y 2 : (upper Pleistocene to Holocene)
21 7 Slopewash and colluvium deposits, undivided (middle Pleistocene to Holocene) — Undifferentiated slopewash and colluvium,
- : Qsc mapped at the footslope of the hill labeled 6256 in the southeastern quadrangle, where colluvium grades out laterally into
/g slopewash deposits. 1-4(?) m thick.
€ 3 3707000 “ Ois = Landslide deposits (middle to upper Pleistocene) — Poorly exposed landslide deposits that flank the hill labeled 6256 in the
4 B 4 ! SR southeastern quadrangle, consisting of clay to sand mixed with gravel of the Luna Park Tuff. Large blocks of Luna Park Tuff
- i 1 | within the landslide deposits are differentiated (see below). Also mapped on the northeast side of Seferino Hill and in upper
== — . Cedro Canyon.
3707000 — e 71 f e T F oo
- i A NS ( ‘ e le-AIpAA-? ] Fractured block of undivided Luna Park Tuff that was translated downslope in a landslide.
7 i ; % J y ( °§ z(flxs-lkpl‘a q Fractured block of Lower Luna Park Tuff that was translated downslope in a landslide.
L 11 ¢ - (.Q_I's-léu.' V : Fractured block of Upper Luna Park Tuff that was translated downslope in a landslide.
Ao i _ 4 7 A=) Q T Individual lobe of a landslide deposits (middle to upper Pleistocene) — Landslide deposit as described above (unit Qls) that is
P TN ) 03 ISt 29 inset into older landslide deposits, indicating a younger age.
IS o0)'s : - 3706000
7/ if ' s - AV .
a0 (& B : alley bottom units (Quaternary)
: A , N @/ _oct
viid Sl - TN loay 2t )/ ¥ B . z Dam-related artificial fill(modern) — Valley bottom sand and gravel that has been moved by humans to form dams for
3706000 Qct ) S y & y
= ( Qfahm A4 | (= impounding water.
7 - e | o | f " Modern alluvium (0 to ~50 years old) — Sand and gravel in active channels and subjected to annual runoff. Bar and swale
i . s i ." JQay> i Joanm Qam topography and channel forms are sharp on gravelly surfaces, with 30-100 cm of typical surface relief. Sandy surfaces are
@~/ /‘f : 1 \ / ' S relatively flat and smooth. Vegetation is sparse on both sandy and gravelly surfaces. Loose. Thickness is likely 1-3 m.
= A P IS 3 ez Qah Historical alluvium (50 to ~800 years old) — Typically well-bedded sand and gravel in valley bottoms. Surface is vegetated,
= ; r _ - L. g a gravelly, and exhibits muted bar and swale topography and channel forms; generally 10-40 cm of surface relief. Sparsely to
5% 257 - Q7 | 7 = R 3 moderately vegetated and exhibits no obvious soil development. Tread is generally less than 2 m above modern grade. Loose.
> : = e ] / ; ( ==X 2 ; b A\ (|- 3705000 Possibly up to 3-4 m maximum thickness.
PO il = \ (( ' ) 4. Historical alluvium of Alamosa Creek (50 to ~800 years old) — Mostly clayey-silty, very fine- to fine-grained sand, with
SN e 7L a7 7, fah < 57/ Qs R ; o \ \ Qanha subordinate gravelly interbeds, deposited in the valley bottom alongside Alamosa Creek. Weakly to moderately consolidated
370500 W e & [ } S;Q‘ay £ a1 /é* '. : A '-f J Y X e ) . and non-cemented. Possibly up to 4 m thick.
= \ v ' - f: 3 S ! i 1 y ( Qao2) QTsf
_ 7 ; A ; [ i G N Q: a : A Qamh Modern and subordinate historical alluvium, undivided (0 to ~800 years old)
' i N | S i = f i 3 3y ' £ U ' onm
33°27'30 = o S ) = : / g : ¥ ok [(( ’ A | oS Qna f S 33°27'30 Qaham Historical alluvium of Alamosa Creek and subordinate modern alluvium, undivided (50 to ~800 years old)
Qfan - > Qa ; / « b\ \ ; :s P / Qa X i i
= ] . / i i3 3 = D z Qahm Historical alluvium and subordinate modern alluvium, undivided (0 to ~800 years old)
T e =1 I S8 11| Ly N : 2 N\
Qlayr Qahm ' B R, e / et ( ol £ \ ot ’ 02 (;‘{ -\Qao . | o Qahy Historical alluvium and subordinate younger alluvium, undivided (~50 to 8,000 years old)
5 Qlay ) 2 i W, i \ h < A0y S (dy 18Bt) | 3704
‘ Qlahm._ et iy L ) - _ g N T \ QSIQay\ \ 4 Qar Subequal modern and historic alluvium (modern to ~800 years old)
Qfay. = / i J ) I i, 4 o o <) o /
3704000 Ky ~Qfah A i ' 3 N %) %H Recent alluvium (historical + modern) and subordinate younger alluvium, undivided (0 to 8,000 years old)
> f | / v f ayr- / 3 I
Qfahm ( g / AN / | ) N -
! ~\, - 1 7 R \ L N\ae e JliE ,_‘3; / Qay Younger alluvium (middle to upper Holocene) — Sand,with subordinate clay, silt, and gravel, occupying the bottoms of
itk 4 QTsf 7 : & / ) i\ LA UUANR, - ) h modern valleys and underlying low-level terraces alongside modern arroyos. Unit is overall browner than Qao, and less well-
Lk f \\ o 8 \ AN AR ) . ' i =, " Ao bedded and finer-grained than Qah. Except where eroded, the top of this unit typically exhibits a weak soil marked by calcium
‘ - s ] : e s : 102 ; V) ay 8 Qa |" L4 carbonate accumulation (stage I to II carbonate morphology). Surface clasts are non- to weakly varnished and generally the
=l 7 \ A (e A 0 S ] | L surface is smooth, although locally subtle bar- and swale- topography is present. Surface is slightly higher than the Qah surface.
A 5 ; ) 5 | A y el 2 & Loose to weakly consolidated. Estimated thickness of 1-5 m (base is typically not exposed).
l\‘ A | | _ | ( b\ | \ ' [ ) < oL S70s00 Qaym Younger alluvium and subordinate modern alluvium, undivided (0 to 800 years old)
3703000 Qfa . Ao “ X o - : Q gay 1 - i Qayh Younger alluvium and subordinate historic alluvium, undivided (50 to 8000 years old)
113 2 7 A Sl | AR L IO 8 =] )
” S ; i | LN | | ) ‘A\Y |G g x ; - Qayr | Younger alluvium and subordinate recent (historical + modern +active) alluvium, undivided (800 to 8000 years old)
Ji / JHARO WATRUNS at | Joao)s | a
} l?ﬂg i Qfah Qaha ¢ 3 __ \ ! e i s U ¥ Terrace deposits and older alluvium
‘g~ A S\ { ) % LT L\ D ‘ Sandy gravel terrace deposits associated with Alamosa Creek
W )ig ; | \ < Bl TSR Qay Trwb \ Otal Lower Alamosa terrace deposit (upper-middle to upper Pleistocene) — Tread stands 8-15 m above modern stream grade. 2-6 m
i s;: 4 - N R / SN L thick. Locally, it can be subdivided into three subunits:
o ! , 1 : = Y] 3702000
ahﬁ, N [ . = B > 7% = _ R Qtala Lower subunit of the lower terrace deposit along Alamosa Creek (upper-middle to upper Pleistocene) —1-2 m thick.
3702000 c:; G\ e ' ! - NN \ ] 74:‘ -‘. - \ 1 ) g Otalb Middle subunit of the lower terrace deposit along Alamosa Creek (upper-middle to upper Pleistocene) — Tread lies 2-3 m
O ?aﬁ,‘ 1 a > N sl 16 TSt A 2|, Bac ' above the tread of Qtala. Thickness not accurately measured but likely 1-2 m thick.
T i L Y B = =.f- Qtalc Upper subunit of the lower terrace deposit along Alamosa Creek (upper-middle to upper Pleistocene) — Tread lies ~2 m
Qt bf%";h o ;‘ ! ' i . i’ i ! 2] 4 (’ TN i ' Q_T-S- o W above the tread of Qtalb. Thickness not accurately measured but likely 1-2 m thick
X "--':.:_H_ \Qal = L i | 3 \ , - = il == Sl
n NS r'\ : A ! [1 ; ! _I T g TIES Qtau Undifferentiated Alamosa terrace deposit (Pleistocene) — 1-5 m thick. Lies between the Qtal and Qta2 terrace levels.
A \ . Al P
b 1 sf i \ A | i SNl
. : . = ! | (4 kIL : " Wi 4 Qa2 Lower-middle terrace deposit along Alamosa Creek (middle Pleistocene) — A strath to fill terrace of variable thickness. Strath lies
i - i \ L g S N et AN A N 18-30 m above modern stream grade. Loose. 2-12 m thick, generally thinning upstream. Locally subdivided into three subunits:
AR . j . ¥ (C » il N W ( tad N I N =y L sron Qta2a Strath lies 18-20 m above modern stream grade.
a2b N\ AL JHL N ) N0s 0 T s ’
4 \ / - y ‘ b-\\\\\_\' Qs/. i - ™\ NN R A
3701000 Sl o ' : A b = RS A - L RSN Sl & F = \ l % Q AN N e A '\& Qta2b Strath lies 1-2 m above the strath of Qta2a, but tread lies a few meters above the tread of Qta2a.
Qahax_lQfam=_ ) UL ' ’/ / VI, WA VNS VAN M A . 1 ba il m ,-_%‘ﬁ&; { o\ ; i1 A 6-12 m-thick fill terrace mapped west and north of Placitas. Tread slopes towards southwest and is at least 5 m above the
A =Qamh ([ - e 0 AR e 4 ' ' ' o {8 LA . N =R \ N VRN : tread of Qta2b.
e Qe ik . .' l .. VRS
{ 7 . 3 2 i \ \ A AN S I Upper-middle terrace deposit along Alamosa Creek (middle Pleistocene) — A 12-18 m-thick fill terrace mapped in the west-center
> ik : b DY ): ! NN g | BOR part of the quadrangle. Strath lies 30-38 m above modern stream grade and is inset 10-12 m below the strath associated with unit
_ ) =l )7 ‘ ol T s Qtad.
) . 5 ah Qfahm= 7 b o of | I . . . : . .
Qfan o el > By ~ Qa i y h 57 ! ‘S [I'- = 4 Upper terrace deposit along Alamosa Creek (middle Pleistocene) — A 7-15 m-thick fill terrace mapped in the west center part of
RN o L Q) 4 the quadrangle. Strath lies about 45-54 m above modern stream grade. 7-15 m thick.
g Qana , e Al s s700%0 Terrace deposit whose tread projects to the Cuchillo surface (uppermost lower Pleistocene) - Strath lies 65-85 m above modern
fam|Q - ; bl 2 / \ tream grade. 4-8 m thick.
; S z 7 i ) stream gra
33°25'00" = - i) Wi = ) Sh 33°25'00"
- h ] 1) ] ey i . . .
sro00e P g AN ' ;_,j;.'-..';.j':k' ) Older alluvium and terraces associated with streams other than Alamosa Creek
h ) 3 ) YN 3 T N )
\Qfai ~ ) : il A TP G ARG Qao Older alluvium, undivided (middle to upper Pleistocene) — Alluvium alongside drainages other than Alamosa Creek; its surfaces
) \Qaha ,(?am.l' , i AR i N SRS are higher than those associated with unit Qay and typically lower than Qtt surfaces. Base of alluvium is very close to modern
' %) LS & ¥ P ARG S, P‘\ V ./] _ stream grade. Deposit and associated surfaces are generally lower than those associated with unit Qtt (described below).
X Ei) \ i AT 2 NN 5 Generally consists of interbedded pebbly sand, sandy pebbles, and sand. Topsoil has illuviated clay horizon(s) underlain by
_ atgb N\ Qe \ . ' Jii WP S\ % A A Py calcic horizon(s) with stage II carbonate morphology. 2-5 m thick. Locally subdivided into presumed allostratigraphic units,
ahy _i‘r N v , 'ﬂh X E-:;. AN y g e ) ‘5{;-;: > E_\E 5 . although buttress contacts have not been observed in the field.
- o | | I e i A s | 1 < y. - o e A :
5 20 S5 S o Qaha /’3- 72 ol i I' s AT ' f ) i 1™ — 3699000 Qaol Younger allostratigraphic unit of older alluvium — Top is 2-3 m above modern stream grade.
=\ > A ) ;s \
, C il : a L e Tsf
AR @ 0,9 ?la,' ey /) N 1 ; I A Eim A ¢ Qao2 Middle allostratigraphic unit of older alluvium — Upper surface is 1-6 m above the surface of Qaol.
3699000 Y § ; b =5 } E i 1 T y 2
ot ha\\Qt \ / e | =
ZETRN Q%:R*‘\Q‘\f A { S0/ || { : " T 1; Qao3 Older allostratigraphic unit of older alluvium — Upper surface is 2-3 m above the to surface of unit Qao2.
il \b . Z o) ) 4 i i [ J ¥ Tributary terrace sandy gravel deposits, undivided (middle to upper Pleistocene) — Sandy gravel occurring in terrace deposits 1-
: : SV N / % ] yh Qi 3 m thick in tributary drainages to Alamosa Creek. The strath lies above modern grade; surfaces and straths are typically higher
0000 _ St Ny =0 [N Y LN ) . than those associated with Qao (compared to modern stream grade). Clast compositions are typically volcanic, but may include
= N ( I Qang & j 1 R 3 Q0 - Qam L v X b e some Paleozoic carbonates in Placitas Canyon and drainages to its east. In a given drainage, this unit is locally subdivided into
; A “‘\ \ \ > Q-ah"'. ] i S\ I it/ y § !( P three terraces whose heights differ in elevation above the modern drainage:
‘ Qabam oQam, “Oam,_~ 7 Vi LR/ W AN e o N }\. gl ' 260800 Lower tributary terrace deposit — Unconsolidated sandy pebble-cobble gravel, with little evidence of calcium carbonate
= ; Q‘fan;““ R i & 4 é,'!: |l IV NS Qalr M iz S (8 k Qi accumulation in its topsoil. Approximately 60-70% of clasts are varnished at the surface. Tread height varies from 10 m above
: = e[ [1111] / N | 7 il /L )| FQay 3 : O NN < S modern grade in Shipman Canyon to 22 m above modern grade in Garcia Falls Canyon. 8-9 m thick in Shipman Canyon.
3698000 Yy S g ; = y Y @5 : & : % . Middle tributary terrace deposit —Tread height varies from 18 m above modern grade in Shipman Canyon to 40 m above
0 Qap"i Y Qfam Q15 Q ] / TV S _‘-r' NS | \ K s Qi modern grade in Garcia Falls Canyon. 1-2 m thick in Shipman Canyon.
- - h £ : e ( NG s\\ - Qtth Higher tributary terrace deposit —~Tread height varies from 20 m above modern grade in Shipman Canyon to 57 m above
5 W j | =g == RN 7/ Z 5600 modern grade in Garcia Falls Canyon. Maximum thickness of 3 m in Shipman Canyon.
ey e o, B ] . b fay e i
S F DN 4 = g Alluvial fan units
20 - I | b e 4 2 = )
WE= - o ] .sf- \ A i e ( T Fan gravel is dominated by the lithologies exposed in the catchments from which fans emanate. Clasts are typically angular to subrounded. Clast
SN = ' V= NG anm ot composition may be = 90% volcanic lithologies in the northern and western parts of the quadrangle and = 60% Paleozoic carbonates in the eastern
6/8/ \ : ) { h 7 | Qay wl Qay?. ' Tl Al So7000 parts of the quadrang]les.
-~ 3 y “4 VAV 7 i = T Ofam Modern-active alluvium on alluvial fans (0 to ~50 years old) — Similar to unit Qam but located on alluvial fans. Probably less than
N / ] P e FiTe ) h=s A7 » 3 | e AL s N 3 m thick.
3697000 5% - N o =1 :nQam S A | L~ il B j : fay == NG \ [N W Qfamh Modern and historic alluvium on alluvial fans, undivided (0 to ~800 years old) — Similar to unit Qamh but located on alluvial
= = s - & - S| e Qah ) ey \ Q’rfl c A W QLA - - ! 25\ fans. <3 m thick.
- - o s ? S amh 7 i 3 =~ T AR
5700, N : R Ry 7 J I car g C N _ gl 4 m ' ita i f L famm Modern alluvium and subordinate younger alluvium on alluvial fans, undivided (0 to ~800 years old) — Similar to unit Qamy but
: = 1 =04 - QTsf \ i* 4 3} _Qfa ' [ Qtt y Qa5 S Q 5; ML 2 0a ORENE | i Qg located on alluvial fans.
S = \ e ' Nz \ ; Qay 2l SV \ N
i }J \ Q-aygahm-Qa 4 ' 1 oA T y %} (A Qfah Historical alluvium on alluvial fans (0 to ~50 years old) — Similar to unit Qah but located on alluvial fans. <3 m thick.
- -” }I -:I' ¥ f) i I.' R . | " ' X k il .‘l " T
Jl / £ A s ) &% i | Ao (!
6! ] a RQfahm \ X p / H]Qfam' | e Qe i) Qfahy Historic and subordinate younger alluvium alluvium in alluvial fans, undivided (0 to ~800 years old) — Up to ~10 m thick.
) il Qfamh S = L1 3696000
- c; Lc! ~*Qahn 1 ; . Ui 'l_? o Historic and subordinate modern alluvium on alluvial fans flanking Monticello Canyon, undivided (0 to ~800 years old) -
\ oF \ e : O = " \ Sl Similar to unit Qahm but located on alluvial fans <3 m thick.
2 — | D 14 = JUNS :
seaeme : N S = / Qﬁ 7 [ - j Recent alluvium (historical + modern-active) and younger alluvium on alluvial fans flanking Monticello Canyon, undivided (0 to
S &4 i G ) = = R " ~800 years old) — Similar to unit Qary but located on alluvial fans. Up to ~10 m thick.
Qah = \otay ot N\l | Younger alluvium on alluvial fans (Holocene) — Pebbly sand and pebble-cobble-boulder gravel that is commonly matrix-
3 / NS \{‘l Qfay supported and massive. Local stage II carbonate morphology in fine-grained topsoils, but soil development is commonly weaker
] 7 4 | . S ’a‘*( due to surface erosion. Minimum thickness 1.3 m (4.3 ft).
: ’ . o L&l ) S PR
33°2230°N e —33°22'30"N Qfayh Younger alluvium and subordinate historic alluvium in alluvial fans, undivided (0 to ~800 years old) — Up to ~10 m thick.
107°30'00"W 268000 269000 270000 271000 °27'30" 272000 273000 274000 °9EINA" 276000 277000 278000 DR Te ks
10772730 107°25'00 107°22'30°N Younger alluvium and recent (modern + historic) alluvium in alluvial fans, undivided (0 to ~8000 years old) —Up to ~10 m
thick.
Base map from U.S. Geological Survey 1961, from photographs taken 1958, field checked in 1961, edited in 1980.
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Older alluvium in alluvial fans flanking Monticello Canyon, undivided (upper-middle Pleistocene to lower Holocene) —
Sandy pebble-cobble gravel to gravelly sand graded to the surface of Qao. Maximum carbonate morphology of stage II+.

Minimum thickness of 1 m.

Qfaal

Qfaa2

Qfaa3

QTsf

Alluvial fans graded to the upper-lower terrace tread of Alamosa Creek (upper-middle(?) to upper Pleistocene) — Up to 15
m thick.

Alluvial fans graded to the middle terrace tread of Alamosa Creek (upper-middle(?) to upper Pleistocene) — 1-5m thick.

Alluvial fans graded to the upper-lower terrace tread of Alamosa Creek (upper-middle(?) to upper Pleistocene) —1-5m
thick.

High-level piedmont deposits

High-level piedmont deposits near Garcia Falls (upper Pleistocene to Holocene) — Pebble-cobble gravel in medium to thick,
tabular beds. Clast lithologies include subequal proportions of gravel eroded from either Trrg and Tvp. Matrix consists of
brown, fine- to coarse-grained sand. Deposit may exhibit stage I carbonate morphology in upper 40 cm. Typically 1-3.5 m
(3.3-11.5 ft) thick.

High-level piedmont deposits south of Serafino Hill (middle to upper Pleistocene) — Pebble-cobble gravel in medium to
thick, tabular beds. Clast lithologies dominated by unit gravel correlated to Trrs. Rarely more than 3 m (9.8 ft) thick.

Quaternary-Tertiary Basin-fill

Santa Fe Group basin-fill (Lower or Middle Miocene through Pliocene, possibly lowest Quaternary) - Sandy gravel and
pebbly sand in very thin to thick, tabular to lencitular to cross-stratified beds. Upper part correlates to the Palomas
Formation. Less than 20% moderate to strong cementation over a given 10 m stratigraphic interval. The relatively common,

orange-colored intervals seen in this unit, in addition to its lesser cementation, serve to distinguish it from the underlying
Tsflc. 300-350 m thick.

Upper Gracia falls lithosome in the Santa Fe Group (upper Miocene) — Pebbly sand/sandstone, with subordinate pebble-
cobble gravel/conglomerate, in thin to thick, tabular beds. Clast composition dominated by intermediate volcanic rocks,
including 30-40% clasts from unit Trrg. Sandy beds make up approximately 85% of unit. Approximately 75-80 m thick.
Lower Gracia falls lithosome in the Santa Fe Group (upper Miocene) - Sandy pebble-cobble and pebble-cobble-boulder
gravel/conglomerate in medium to thick, tabular to broadly lenticular beds. Clast lithologies include subequal proportions

of plagioclase-phyric andesite (typically Trrg), crystal-poor Tvp, and aphanitic rhyolite. Minimum thickness of 25 m.

"
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Lower, coarse-grained Santa Fe Group (Oligocene to lower Miocene) — Sandy conglomerate, with minor pebbly sandstone
intervals, that is gray and weakly to strongly cemented. 1500 m thick.

Intrusions

Undifferentiated intrusions — Intrusions in northern part of the quadrangle that were not field-checked but are likely felsic.
In northern Serefino Canyon, this unit is a highly weathered sill with maroon, clay-rich material at the surface.

Rhyolitic intrusions (upper Oligocene) — Intrusions filling dikes and (less commonly) stocks that are composed of
potassium feldspar and lesser quartz phenocrysts.

Intermediate composition dikes (upper Eocene to Oligocene) — gray dikes that variably have a fine-grained, equigranular
matrix with no obvious phenocrysts or are slightly porphyritic (<<1% plagioclase and pyroxene <2 mm across) with an

aphanitic matrix.

Dacitic intrusion (upper Eocene) — Dacite dikes in the southeastern quadrangle. Rock is light gray (fresh) and composed of
plagioclase with 7% hornblende, 2-4% biotite, and <5% quartz.

Volcanic bedrock

Tuff of Shipman Canyon (upper Oligocene) — Purplish gray (weathering brownish tan), massive to thick-bedded,
porphyritic to aphanitic, fine- to medium-grained ash-flow tuff. Forms cliffs in lower Shipman Canyon. Phenocrysts include

6-8% quartz, 2% sanidine, and trace to 1% biotite. Also contains 2-3% glass shards up to 2.5 mm. Somewhat to densely
welded. Unit consists of many interbedded flows, including light purplish gray air-fall tuff containing lapilli to fine bombs
of aphanitic rhyolite and tuff. Overlies rhyolite of Alamosa Creek. “Ar/*Ar-dated at 28.4 Ma (Lynch, 2003; McLemore,
2010). Approximately 75 m (246 ft) thick.

Trac

Rhyolite of Alamosa Creek (upper Oligocene) — Light gray to gray (weathering to a reddish brown to brown), fine-grained,
flow-banded rhyolite. Trace to 2% sanidine phenocrysts. Tops and bases of flows exhibit thick (up to tens of meters) breccia
zones. As much as 50-220 m thick west of the caldera boundary (McLemore, 2010). Age is 28.4+0.04 Ma by “Ar/*Ar

(McLemore, 2010).

Vicks Peak Tuff (upper Oligocene) — Pink to white, crystal-poor, welded tuff with less than 1% sanidine; commonly is
foliated. Greenish black vitrophyre is common near the base. *Ar/*Ar age of 28.39+0.19 Ma (Chapin et al., 2004).

Maximum preserved thickness of 105 m. Top not exposed.

Rock Springs Formation (upper Eocene to lower Oligocene) — Volcaniclastic sediment and trachyte
flows interbedded with formation-rank ignimbrites (note that these ignimbrites are not included
in this formation).
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Interbedded sediment and trachytic volcanic flows, stratigraphically above the Hells Mesa Tuff (lower Oligocene) —
Breccia composed of clasts of light gray trachytic lava containing hornblende and plagioclase in an aphanitic matrix;
higher up-section the matrix of the lava clasts is more equigranular and contains hornblende and plagioclase.
Interbedded with trachytic lavas (unit Trst). About 30 m thick.

Trachytic lava (lower Oligocene) — Lavas that contain less than 1% phenocrysts of plagioclase and pyroxene (<2 mm
long) in an aphanitic matrix. Above the Hells Mesa Tuff, it includes sandy to conglomeratic to ashy intervals.
Individual flows are <30 m  thick.

Interbedded sediment and andesite volcanic flows, stratigraphically between the Hells Mesa and the Upper Luna Park
Tuffs (lower Oligocene) — Red volcaniclastic deposits interbedded with andesites. Sediments are variably silty to
conglomeratic. Lavas include vesicular andesite lava containing 15-20% plagioclase phenocrysts and <1% xenocrystic
quartz in a fine-grained crystalline matrix, Other lavas in this interval have no phenocrysts and exhibit a fine-grained
crystalline matrix. Total interval is 3 to 15 m thick.

Interbedded sediment and andesite volcanic flows, stratigraphically between the Upper and Lower Luna Park Tuffs
(upper Eocene to lower Oligocene) — In the vicinity of Red Rock Arroyo, the lower 1.5-3 m consists of a reddish-brown
pebble conglomerate in a sandy to silty matrix.. Overlying lavas in this interval include brown, foliated, porphyritic
andesite(?) containing 3-5% phenocrysts in an aphanitic to crystalline matrix; phenocrysts include plagioclase,
potassium feldspar, and pyroxene. ~15 m thick.

Tuffs below the Vicks Peak Tuff

Hells Mesa Tuff (upper Oligocene) — White to pink to peach-colored, lithic-poor (<5%), moderately welded tuff with 5-20%
phenocrysts of quartz, biotite, sanidine, titanite, and sparse hornblende. 40Ar/39Ar age is 31.97+0.12 Ma (Chapin et al., 2004).
Thickness is variable, ranging from 15 to 60 m.

Luna Park Tuff, undivided (upper Eocene)

Upper unit of Luna Park (upper Eocene) — Gray to tan to white and contains phenocrysts of 5-15% sanidine, plagioclase,
and biotite. Welding is variable, but generally most pronounced at the base and less welded near the top. The welded
intervals are gray and can have rheomorphic fluidal textures. The top of Luna Park Tuff in the north-central part of the
quadrang]le has 5-10% lithic fragments (up to 0.5 m long), but most lithics are <15 cm in diameter. 75-120 m thick.

Lower unit of Luna Park (upper Eocene) — Near its base, this unit has 15-25% sanidine as well as subordinate biotite,
plagioclase, magnetite, and a trace of quartz; near the top of the unit there is 2-15% lithic fragments. The top of this unit
near Luna Park Campground is gray, welded, and contains 3-5% biotite, sanidine, and plagioclase phenocrysts with a
trace of quartz; the unit here has <1% 5mm lithics. The top of the lower Luna Park Tuff on the east side of Red Rock
Arroyo and in the southeastern quadrangle has 10-15% lithic fragments. In the southeastern quadrangle, this unit is
relatively thin (6-15 m), has 10-15% fiame (up to 18 cm long), 1-25% volcanic lithic fragments, and contains 5-10%
sanidine (up to 5 mm long), 1-3% biotite, and 0.5% hornblende. A basal 1-3 m-thick vitrophyre may be present. Pumice
in less welded section is crystal-poor and vapor-phase altered. 10-100 m thick.

Tuff of Aragon Draw (upper Eocene) — A lapilli- and volcanic block-rich, upward-coarsening, inferred ash-fall tuff whose
basal 1-12 m is commonly welded (see Ttadw, below). Overlying the welded zone is a reddish, massive, breccia-like,
generally indurated zone consisting of scattered pebble- to cobble-size clasts (minor boulder-size) in a silt to fine-grained
sand matrix. Rheomorphic textures are commonly observed. About 25-30 m thick, not including the lower welded unit.

Welded basal part of Tuff of Aragon Draw — Lower 1-12 m of the aforementioned tuff that is pale red to reddish gray
and contains 10-20% flattened pumices (fiame). Phenocrysts include trace to 12% (mostly <8%) mafic grains (hornblende
and biotite) and 5-20% sanidine-dominated potassium feldspar. Thickness increases to the south.

Tuff of Jose Maria Canyon (upper Eocene) — Light gray (weathering gray or tannish orange), largely aphanitic tuff.
Correlative to the Jose Maria andesite of Farkas (1969). Occupies a similar stratigraphic position as the tuff of Aragon Draw
(Ttad) and may possibly be associated with that ash-fall event. Contains trace amounts of medium-grained, euhedral
sanidine and sparse lithic fragments up to 1.2 cm (0.5 in) across. Approximately 40 m thick.

Red Rock Ranch Formation (upper Eocene) — Interbedded volcaniclastic sediment, lake sediment,
and trachyandesite-dacite flows that lie largely below regional tuffs (i.e., below the Luna Park

Seferino Hill conglomerate — Brownish red, well indurated conglomerate containing clasts up to 1.5 m long. Clasts
lithologies dominated by Jose Maria tuff and Whiskey Hill hornblende-bearing andesite. Approximately 35-65 m thick.

Tuffaceous, fine-grained sediment (upper Eocene) — Tuffaceous, massive sediment in the southeastern part of the
quadrang]e that lies stratigraphically between units Ttad (bottom) and Tlpl (top). Thickness is poorly constrained, but is
at least 15 m, and the unit thins to the northwest.

Upper trachyte (upper Eocene) — Bluish-gray lava that contains <1% phenocrysts of plagioclase in an aphanitic to
crystalline matrix. The lava filled rugged paleotopography that developed on top unit Trraq. Thickness is variable,
ranging from 20-45 m, and pinches out to the east.

Upper volcanclastic sediment (upper Eocene) — Reddish gray to light greenish maroon, volcaniclastic sediment
consisting of siltstone and sandstone, with minor pebbly sandstone. Laminated to very thin, tabular beds. Unit is
preserved between the upper trachyte ( Trrut) and the Questa Spring andesite (Trraq) on the west side of Red Rock
Arroyo. Atleast 5 m thick.

Andesite of Questa Spring (upper Eocene) — Brownish to greenish gray lava, highly porphyritic andesite. Phenocrysts
include 30-50% plagioclase, with lesser amounts of pyroxene and magnetite. The plagioclase crystals are <1 cm and
generally 5 to 8 mm long. Unit overlies the Tuff of Aragon Draw in upper Uvas Canyon. Thickness ranges from 30-90
m, pinching out to the south.

Middle sediment tongue (upper Eocene) — Fine-grained sand (loess) and volcaniclastic sandy pebbles that lie
stratigraphically between the Red Rock Arroyo andesite ( Trrr) and the tuff of Aragon Draw (Ttad). Massive to weakly
consolidated. 1-10 m thick.

Red Rock Arroyo andesite (upper Eocene) — Gray (typically weathering to light brown to reddish brown), vesicular,
ledge-forming, plagioclase-phyric lavas with minor pyroxene phenocrysts. Phenocrysts include 7-25% plagioclase and
0.5-5% pyroxene. Hornblende is locally seen (trace to 3%, 1-15 mm), especially north of Red Rock Ranch. North of
Seferino Hill, these occur as tongues in the Whiskey Hill member. 50-110 m thick, being thickest near Forest Road 139
and thinning to the north and south.

Luna Peak trachyandesite (upper Eocene) — Gray to light gray (weathering to brown or light brown), plagioclase-
megacrystic trachyandesite flows, where >10% of the plagioclase phenocrysts are =10 mm. Very porphyritic and
vesicular. Phenocrysts include 40-70% plagioclase, which are commonly aligned, and 0.5-7% pyroxene. Groundmass is
=0.2 mm and composed of plagioclase with minor mafic grains. 120 m thick in the north-central part of the quadrangle,
thinning to the south-southeast until it pinches out near Jose Maria well.

Upper Placitas Canyon member (upper Eocene) — Interbedded shale and limestone, with sandstone beds becoming
more common to the north. The main body lies stratigraphically between the top of the Uvas basaltic trachyandesite and
the base of the Luna Peak trachyandesite; however, 1-5 m-thick interbeds of this unit are present in the overlying Luna
Peak trachyandesite. 1-50 m thick, thinning to the north. Not mapped where it is less than 3 m thick.

Andesite east of Luna Peak (upper Eocene) — Relatively fine-grained, gray, porphyritic, vesicular andesite. Located on
the west slopes of Luna Peak and lies stratigraphically between the Garcia Falls trachyandesite (bottom) and Luna Peak
andesite (top). Correlates to Hermann's (1986) upper andesite member of the Red Rock Ranch Formation. Phenocryst
assemblage includes: 25-40% plagioclase and 1-10% pyroxene. Approximately 100-120 m thick.

Rhyolite east of Stanley Springs (upper Eocene) — Light bluish to light greenish gray, porphyritic, relatively fine-grained
lava that forms cliffs on the hill immediately southeast of Stanley Spring. Typically is well foliated. Probably rests on top
of the Garcia Falls andesite and may occupy the same stratigraphic position as unit Trrael. Phenocrysts include: 10-15%
hornblende, 8-10% potassium feldspar + lesser plagioclase, and 1-3% quartz. Aphinitic groundmass. 100-110 m thick.

Gracia Falls trachyandesite (upper Eocene) — Greenish gray to gray (weathering to brown), porphyritic, vesicular, fine-
to coarse-grained trachyandesite. Although the unit appears to extend slightly over the Uvas Canyon member in a
southward direction, in general the two units interfinger with one another. Phenocrysts include 15-80% plagioclase that
are locally aligned, 5-10% pyroxene, and trace to 1% hornblende. Commonly altered to chlorite-epidote+albite
assemblage, especially near the Deep Canyon Fault. At least 400 m thick.

Uvas Canyon basaltic trachyandesite (upper Eocene) — Gray to dark gray, porphyritic, relatively coarse-grained basaltic
trachyandesite whose weathered surfaces are typically varnished. Generally conformably bounded above and below by
tongues of the Placitas Canyon member. Phenocrysts include: 30-70% plagioclase, 3-10% pyroxene, trace to 5%
megacrysts of plagioclase and pyroxene (10-18 mm long), and trace olivine(?). Aphinitic groundmass. Chlorite locally is
an alteration product and phenocrysts may be altered to goethite or limonite. 300-480 m thick.

Lower Placitas Canyon member (upper Eocene) — Laminated shale interbedded with sandstone and silty sandstone. To
the west, strata transition up-section from light greenish gray, sandstone-dominated sediment to tan-yellow-gray
sandstone to horizontal laminated, light to dark gray shale. Entire unit is 15-60 m thick and thickens to the northwest.
Uvas Canyon basaltic trachyandesite lavas interbedded with the Placitas Canyon Member (upper Eocene) — Uvas

Basaltic Andesites, as described above (Trru), that are interbedded with sediment correlative to the Placitas Canyon
Member. 20-25 m thick.

Whiskey Hill member (upper Eocene) — Thickness of entire unit is about 320-330 m.
Differentiated into several subunits:

Volcaniclastic sedimentary rocks interbedded with hornblende-phyric dacite — Light gray to light bluish gray or
purplish gray (weathering orange-tan or maroon-brown), volcaniclastic pebble-cobble gravel and fine-grained
sandstone; interbedded with fine- to medium-grained dacite flows with the following phenocrysts: 38% plagioclase
phenocrysts, trace to 14% biotite, trace to 8% hornblende, and trace to 7% pyroxene. Approximately 130 m thick.

Jasperized volcaniclastic and sedimentary rocks — Strata correlative to unit Trrws that have been replaced and
cemented by jasper. 20-25 m thick.

Plagioclase-phyric andesites of Whiskey Hill member — Porphyritic andesite containing 10-30%, aligned plagioclase
phenocrysts and 1-5% pyroxene +/- hornblende phenocrysts.
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Equigranular hornblende-phyric dacite (upper Eocene) — Equigranular, hornblende-bearing dacite.

Dacite with needle-like hornblende phenocrysts — Porphyritic dacite lava with 10% needle-like hornblende phenocrsyts; other

phenocrysts include plagioclase laths and pyroxene. Locally plagioclase-phyric.

Crystal-rich dacite — Crystal-rich dacite lava with phenocrysts that include gray feldspar, hornblende, and pyroxene.

Rhyolite lava in eastern quadrangle — Flow-laminated, reddish gray to pale red, aphinitic rock interpreted as a rhyolite.

Upper biotite-bearing dacite — Thin (2 m-thick), porphyritic dacite lava with phenocrysts of plagioclase, pyroxene, hornblende,

and a trace of biotite. 3% xenoliths.

Pyroxene-bearing dacite — Pyroxene-bearing, porphyritic dacite with 15% phenocrysts of plagioclase, potassium feldspar,
hornblende, and pyroxene.

Hornblende-bearing dacite — Hornblende-bearing, porphyritic dacite with 4-30% phenocrysts that include plagioclase,
hornblende, and pyroxene.

Tuff — Dacitic tuff, pink to white, where lithics are more common near the top. Contains phenocrysts of hornblende, pyroxene,

and biotite. 1 m thick.

Potassium-bearing dacites — Crystal-rich lava that contains phenocrysts of potassium feldspar (< 1 cm long).
Biotite-bearing dacite — Dacite with biotite and hornblende phenocrysts.
Porphyritic dacite that includes the following phenocrysts: hornblende, pyroxene, and plagioclase . At least 60 m thick.

Paleozoic bedrock

Pennsylvanian Magdalena Group

Jasperoids replacing sedimentary strata of the Bar B, Nakaye, and Red House formations (Pennsylvanian?) — Pervasively silicified
carbonate, sandstone, and conglomerate. Drusy quartz and globular chalcedony commonly fill voids. Individual outcrops are 2-4 m (7-
13 ft) thick.

Bar B Formation (upper Desmoinesian-Missourian) — Dark gray to dark brownish gray, thin- to medium-bedded limestone overlain by
shale and conglomerate (containing pebbles and granules of limestone, dolostone, and chert). Approximately 75 m thick.

Nakaye Formation (upper Atokan to middle Desmoinesian) — Light tannish to dark maroon-gray, ledge- to cliff-forming, blocky
weathering, thin- to thick-bedded limestone. Sparse covered intervals are probably underlain by poorly exposed, grayish yellow shale.

Approximately 330 m thick.

Qau

Red House Formation (upper Morrowan to Atokan) — Interbedded, maroon to pinkish white, quartzose sandstone and conglomerate,
dark gray shale, and light gray- to yellowish tan-weathering limestone. Approximately 555 m thick.

Subsurface Units (Cross section only)

Quaternary deposits, undivided (0 years old to upper Holocene) — Valley bottom units principally comprising Qam, Qah, Qar, and/or
Qay. Maximum thickness 5 m (16.4 ft).

Oligocene volcanic strata, undivided (lower Oligocene) — Includes andesite-latite of Montoya Butte and perhaps associated basal
mudflow breccia (Maldonado, 2012). Maximum thickness ~900 m (2953 ft) according to Jahns (1955).

Cretaceous strata, undivided (upper Cretaceous) — Includes the McRae Formation, Dakota Sandstone, and Mancos Shale. Maximum
thickness of ~200 m (656 ft) extrapolated from the Gartland 1 Brister exploratory well (Cikoski and Koning, 2013).

Permian strata, undivided (lower to upper Permian) - Includes the San Andres, Yeso, Abo, and Bursum formations. Mostly siliciclastic
beds interbedded with limestone and gypsum in places. Maximum thickness of ~525 m (1723 ft) extrapolated from the Gartland 1 Brister
exploratory well (Cikoski and Koning, 2013).

Lower Paleozoic strata, undivided (Cambrian through Ordovician) — Includes the Bliss Sandstone, El Paso Group, and Montoya
Formation. The Bliss Sandstone is overlain by a thick sequence of limestone and dolostone. Silurian and Devonian strata are absent in
the northern Mud Springs Mountains (Maxwell and Oakman, 1990), and are likely not present in cross-section A-A’. Maximum
thickness of ~230 m (755 ft) extrapolated from the West Elephant Butte Federal No. 1 well (Cikoski and Koning, 2013).

Proterozoic strata, undivided (Meso- to Neoproterozoic) — Reddish gray quartzite, dark gray to brown quartz schist, quartz-biotite
schist, foliated amphibolite, and reddish, porphyritic granitic gneiss. Complexly interlayered and contorted (Maxwell and Oakman,
1990).
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