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Memoir 51
Original mappiqg of these quadrangles was fundt_ad by STA_TEMAP and the New M(_axico Bureau of CENOZOIC Paleogene Baca Formation Jurassic Oka ) BF
Geqlogy and Mmeral_ Resour_ces (Dr. J. Michael Timmons, Director and State Geologist; Dr. Matthew Quaternary Mogollon Group—All ®Ar/*Ar ages for volcanic rocks reported here are by W.C. - Baca Formation (middle Eocene)—Fluvial and alluvial red-bed Morrison Formation (Late Jurassic)—Light-gray to light-brown, % g Qsg Qf Qal
J. Zlmmerer, GeO|Og|C Mapplng Program Manager). Artificial fill (Holocene)_sand and gravel in human-made levees, McIntosh and M.T. Heizler of the New Mexico Bureau of Geology and Mineral ps sandstone, conglomerate, and mudstone. Sandstone is Commorlly kaolinitic, cross-bedded sandstone, pebbly sandstone, and an) 8 Qae Qu2
af berms, and dams. Unit is 0-5 m thick. Resources. Ages are calculated (or recalculated) relative to Fish Canyon Tuff cross-bedded; conglomerate contains pebbles, cobbles, and boulders of greenish-gray mudstone that is 0-16 m thick. It appears to fill a shallow 11.7 ka — Qls Qe Vi
sanidine at 28201 Ma (Kuiper et al, 2008). Errors are lo. Formation-rank Tbpg | Cretaceous, Paleozoic, and  Proterozoic  lithotypes.  The paleovalley about 300 m wide cut into the Chinle Formation in the > Qvy Qva
Sand and gravel (Holocene)—Sand, gravel, and minor mud in modern nomenclature for volcanic rocks in the study area is after Osburn and Chapin sedimentary-clast-dominated piedmont lithofacies (Tbps) was derived northeastern part of the Mesa del Yeso quadrangle. Outcrops of thin = o
Qsg | ,ctive arroyo channels and in the channel of the Rio Grande. Unit is (1983); group-rank terminology is from Cather et al. (1994). - mainly from the west (from the Sierra Uplift of Cather [1983]), but (0-3 m) Morrison also occur on the southern part of the Cafion Agua g W Qv4
° ° 0-10 m thick. South Canyon Tuff (late Oligocene)—Light-gray to light-purple, locally on the Mesa del Yeso quadrangle, it was derived from the south Buena quadrangle but were mapped as part of the Chinle Formation. 2 g Qvo Qs
‘ : e O 1 O 1 C M a Of th e u eb r a d a S R e 1 On densely welded, crystal-poor to moderately crystal-rich rhyolitic (from the Amado fault zone) and the northeast (from the Montosa Uplift g :é:
J Floodplain deposits (Holocene) —Overbank sand, mud, and minor gravel ignimbrite. Crystals (approximately 10-20% of rock volume) are mostly - of Cather [1992]). The basement-dominated piedmont lithofacies (Tbpg) Triassic < -
° Q| of the Rio Grande. Includes local eolian deposits. Unit is 0-10 m thick. sanidine and quartz; lithic fragments are common. The tuff is at least was derived from granitic exposures mostly to the west (Sierra Uplift) Chinle Formation (Late Triassic)—Red, gray, and maroon fluvial ~
S 0 C 0 rro C O unt C entr al N e ‘ « ’ M ex1 C 0 37? m thick in the nprthern part of the Me.sa <':1e1 Yeso qua'drangle l?ut bu:%jl with almlnor compon'er}t fronl1 the ee}st (NlllontosadUghft). Sar.ldston(e1 mudstone with subordinate sandstone, limestone-pebble conglomerate, QTsap
J Alluvium (Holocene)—Sand, gravel, and minor mud in and adjacent to thins southward. It is about 150250 m thick in the Blackington Hills and conglomerate containing clasts of well-rounded quartzite an and limestone. Consists of two members. The basal Shinarump
Qal | | odern arroyo channels. Alluvium is typically at or near the grade of area. The “Ar/”Ar sanidine ages are 27.68 + 0.02 and 27.67 + 0.01 Ma in metavolcanics (lithofacies Thae) are exposed on the Mesa del Yeso - Member (mapped locally as Res) is mostly sandstone, pebbly
modern channels. Unit is 0-10 m thick. the Blackington Hills. In the southern Joyita Hills, samples yielded an quadrangle. This lithofacies is also present in the northern Bustos Well sandstone, conglomerate, and minor mudstone 0-30 m thick. The 2.58 Ma
“OAr/Ar sanidine age of 27.65 + 0.01 Ma. quadrangle but was included in map unit Tbpg. Quartzite and overlying San Pedro Arroyo Member (mapped locally as Rep) is v e . | qrem
Landslide deposits (late Pleistocene)—Mass-wasting and landslide ) ) ' metavolcanic clasts resemble those present in the Mogollon Rim mudstone, sandstone, and minor limestone approximately 165-210 m § -
Qls deposits consisting mostly of limestone boulders of San Andres Lemitar Tuff (early Oligocene)—Pink, densely welded, moderately formatlon and Eagar Form;ahop of 'eastern A%‘lzona. and western New thick. Forms slopes and valleys. Unit mapped as Chinle Formation (RC) =
December 2024 Formation (Psa) in the southeastern part of the Loma de las Cafias crystal-rich rhyolitic ignimbrite. Crystals of sanidine, plagioclase, Mexico, and represent exotic axial-river deposits derived from far to the where undivided. A
quadrangle. Unit is 0~10 m thick. quartz, biotite, pyroxene, and opaque minerals constitute about 35% of west in the Mogollon Highland of central Arizona. Tongues of 53
the rock; lithics are minor. The tuff is about 110 m thick in the piedmont sandstone and conglomerate that contain 10— 50% volcanic Moenkopi Formation (Middle Triassic)—Red-brown, brown, and buff
Colluvium and talus (late Pleistocene to Holocene)—Gravelly Blackington Hills area and about 75 m thick in the southern Joyita detritus (lithofacies Tbpv) occur in the middle and upper Baca - continental mudstone, sandstone, and minor conglomerate. Unit is
by Qc | deposits of poorly sorted colluvium and talus blocks on, or adjacent to, Hills. The “Ar/*Ar sanidine age is 28.22 +0.01 Ma in the southern Joyita Formation in the Mesa del Yeso quadrangle. These deposits were 0-40 m thick.
steep slopes. Unit is 0-10 m thick. Hills and 28.25 + 0.01 Ma in the Blackington Hills. derived from the west and mark the transition to the overlying Spears
Group. The' Ba'ca Formation has yielded late Bridgerian (approximately Triassic strata, undivided (Middle and Late Triassic)—Consists of g
M h Eolian deposits (late Pleistocene to Holocene)—Eolian sand and Vicks Peak Tuff (early Oligocene)—Light-gray, moderately welded, 46 Ma) fossils in the Carthage area (Gardner, 1910; Morgan et al,, 2009). - undifferentiated beds of the Moenkopi and Chinle Formations. This qg
Steven . Cat er Qae | jpegsic silt locally reworked by alluvial processes. Deposits are crystal-poor IthOhtl'C ignimbrite. Crysta'ls (less thap 5% of the rock) are map unit was employed where exposures are poor or where the lower g
stabilized by vegetation in most areas. Includes intercalated alluvial mostly sanidine, with sparse quartz, biotite, plagioclase, and opaque MESOZOIC contact of the Chinle Formation is difficult to map because the basal
deposits and thin, active, eolian veneers and dunes on stable upland mmgrals. Thickness is approx1mately 100_,110 m. The “Ar/*Ar samdme Late Cretaceous Shinarump Member is thin or absent. About 200250 m thick. Tppe
surfaces. Unit is 0-5 m thick. age is 2878 + 0.01 Ma in the Joyita Hills and 2877 + 0.01 in the Undivided Late Cretaceous strata (Late Cretaceous) —Map unit in the
New Mexico Bureau of Geology and Mineral Resources, Blackington Hills. - Bustos Well quadrangle consisting of the Gallup Sandstone (late PALEOZOIC
801 Leroy Place, Socorro, NM 87801 o Younger valley-fill and piedmont alluvium (late Pleistocene)—Sand, . . . Turonian to early Coniacian), the Mulatto Tongue of the Mancos Shale Permian 23 —
VY | gravel, and minor mud deposited at low elevations above modern La Jencia Tuff (early OllgOC'EI:IQ).—Pl.l’Ik to gray, dense?y.to moderately (early Coniacian), and the Crevasse Canyon Formation (Coniacian to Artesia Group (Guadalupian)—Tabular-bedded, orange-red to
stream grade. Elevation of alluvium above modern grade depends on weld'led, crystal-poor, rhyolitic ‘1g'r11mbr1.te that exhibits compound Santonian?). The total thickness is as much as much as approximately - pale-orange, calcareous and locally gypsiferous silltstones and very
location. Areas that drain to the Jornada del Muerto (i.e., most of the coolmg. The upper part of the unitis prominently ﬂow.banded. Cry§tals 240 m. The Gallup Sandstone is fine-grained, gray to yellowish-gray, ﬁne-grainedi quartzose sandstones. Thickness is 0-20 m
Bustos Well and Cafion Agua Buena quadrangles) are not deeply Olf) samglrll(e) /andf 1‘1’1}1:’101‘ qlliarlt"zrh l?lOtlte, and ‘Oplalque mmer:?ll;'al)(nstltut'e regressive coastal barrier-island sandstone mudstone approximately 6 ' '
incised. There, Qvy is less than about 5 m above modern stream grade. about 5-10% of the rock; lithics are typically sparse. Thickness is m thick. The Mulatto Tongue of the and Mancos Shale is drab marine S ; ; -
. . ¢ . . . . . . : . an Andres Formation (Leonardian)—Interbedded limestone,
New Mexico Bureau of Geology and Mineral Resources In other areas that drain to the Rio Grande, Qvy is as much as 30 m .approx1mately 140 min 'the Blacl:omgttg)n Hlu? apd app1jox1mately 315m shale at least 10 m thick that is intercalated within the lower Crevasse Psa | jolostone gypsum, and minor sandstone and limestone breccia. g
New Mexico Tech above stream grade. In places, two or more aggradational episodes are n the sothern.]oylta Hills. The AI_"P Ar sanldlpe age1is 2'8'98 +0.01 Ma Canyon Formation (Dilco Coal Member), about 29 m stratigraphically Consists (;f two info,rmal members: a lower limestone member and an 2 5
represented by Qvy. Alluvium was deposited in a variety of piedmont in the Joyita Hills, 29.00 + 0.01 Ma in the Blackington Hills east of the above the top of the Gallup Sandstone, and contains abundant upper  gypsum  member. Limestone is  brownish-black -_S 20
801 Leroy Place environments, including paleovalleys and arroyos, alluvial fans, strath Bustos fault, and 29.00 + 0.01 Ma west of the Bustos fault. Flemingostrea elegans Hook. The Dilco Coal Member consists of paralic pale-yellowish-brown, and médium—gray and ranges from wackestone, 3 o
Socorro, New Mexico terraces, fill terraces, and pediments. Unit is 0-20 m thick. carbonaceous mudstone, fine- to medium-grained sandstone, and coal. to erainstone Dolost;)ne is brownish- ;a to olive-erav and locall =
87801-4796 ; - Luis Lopez Formation (early Oligocene)—Light-gray, poorly welded, This member contains a coal bed 60 cm thick that has been mined gygsiferous. Quartzose sandstone resegr;nbi]es the uné;erl};fing GlorietZ
: “ G Intermediate-age valley-fill and piedmont alluvium (late? m(gderately crystal-rich PYTOClaSth. d'ep051ts. Crystals (approx1ma'te1‘y locally in the northeastern Cafion Agua Buena quadrangle. Overlying Sandstone and occurs as beds 1-2 m thick, mostly in the lower part of
) VI | Pleistocene)—Sand, gravel, and mud deposited at intermediate 10% of rock volume) are mostly sanidine, quartz, and plagioclase; lithic the Mulatto Tongue, the upper Crevasse Canyon Formation (the Gibson the formation. Breccias consist of brownish-black limestone and
[575] 835-5490 2ATE Mp..q elevations (about 5-10 m) above modern stream grade. It is only present frggments range frqm sparse to abundant. Inc}udes ffiHOUt tuffs an.d Coal Member) is drab to gray sandstone, mudstone, and coal deposited dolostone that grade laterally into thin-bedded, dark-gray limestones;
in the Bustos Well quadrangle. Range of depositional thin, poorly welded ignimbrites pl.‘obabl'y associated with pre-La Jencia in coastal plain and fluvial settings. The thickness of the upper these may be the result of evaporite dissolution. Bedded gypsum and 3397
paleoenvironments is similar to Qvy. Unit is 0-10 m thick. Tuff domes to th? west. Correlative with the upper part of the Luis Crevasse Canyon Formation near Carthage is as much as approximately gypsiferous siltstone are abundant in the middle and upper part of the
Lopez Formation in areas to gl N wgest (e.g.,' Chamberlm etal. [2002). Unit 200 m (Gardner, 1910). Typically poorly exposed. San Andres Formation in the northeastern part of the Bustos Well
This and other STATEMAP quadrangles are available a Older valley-fill and piedmont alluvium (middle? Pleistocene)— 1? ?}’OUtdO—@ m thlcﬁ- 11;}119 kAr/3 Ar Saﬂldme agfe%afe 29-f00 1“—“ 0.01 Ma quadrangle and north of Mesa del Yeso, where it is as much as
) VO ; ; : t its in t ington Hills, t t t), 29.02 + : i . . . S .
for free download in both PDF and ArcGIS formats at: Sand, gravel, anc@ mud deposited at higher elevations abox{e modern E) %101\12 9}117.051' s 1in b € blac }1:1%3 lonk' s ea;l .1(1) us OSf Su ) o Crevasse Canyon Formation of the Mesaverde Group (Coniacian to approximately 70 m thick. Gypsum is white to light-gray and laminated
stream grade. Height above modern grade depends on location. Areas ) a (thin ignimbrite in the Blackington Hills, east of Bustos fault) Santonian?)—Heterogeneous map unit consisting of nonmarine to massively bedded. Locally includes, in the Bustos Well quadrangle
that drain to the Jornada del Muerto (i.e., most of the Bustos Well and and 29.01 +0.02 Ma (west of Bustos fault). sandstone, paralic and marine shale, and coal that has a sharp basal . . : : .
. ~ L . ¢ - ’ . i > 5-15 m of orange gypsiferous siltstone at the top of the unit that is
hi'tps:/ / geomfo.nmt.edu Canon Agua Buena quadrangles) are not deeply incised. There, Qvo is . . contact and an erosional upper contact. Thickness is approximately 260 probably correlative with the Permian Artesia Group (Pag). Formation
more than 10 m above modern stream grade. In other areas that drain La‘ Jara  Peak 'I%asaltlc 'Ande51te (lat'e' Eocgne to late m. The Crevasse Canyon Formation is well exposed near Carthage. thickness is approximately 100-150 m. Uranium has been produced o
o to the Rio Grande, Qvo is more than 30 m above stream grade. In Ollgqcene)—Aphea'nltlc to  slightly porphyrltlc maﬁc flows ] ;.and Numerous isolated outcrops with no exposed basal contacts occur from vein-type deposits in the San Andres Formation in sec. 35, T2S g
https://doi.org/10.58799/M-51 places, two or more aggradational episodes are represented by Qvo. associated  breccias of mostly basaltic andesite composition. along the floor of Valle del Ojo de la Parida in the northeastern portion R2E (McLemore, 1983) T 3
Range of depositional paleoenvironments is similar to Qvy. Unit is Phenocrysts are mostly plagioclase, clinopyroxene, and ~Opaque of Mesa del Yeso quadrangle. In both areas, an approximately 10- to ' ' .
0-30 m thick. Eﬁnerflﬂs- T1111e unit ’(t)}cfurtshas steviral to}rll.gu.est, eacfll 8_300 m tththkf that 13-m-thick mar%ne‘ shale int?rval (the Coniacian Mulatto Tor}gue of the Glorieta Sandstone (Leonardian)—White to very pale-orange, fine- to
paleovalleys within the stratigraphic interval between the lower Mancos Shale) is included in the Crevasse Canyon Formation for the medium-grained friable to well-indurated cross-bedded Tbps | Tbpg
e ﬁrlioyo dep\?slits 'a;‘ld .piedncllont allluviucrln ('late Pl(:iisFoceng ﬁo Spears Formation (Tsl) and the South Canyon Tuff. purpose of mapping. Flemingostrea elegans Hook‘is abundant in the quartz-arenite. Cé)ntains scattered, well-rounded, fros,te d, coarse quartz
Ho ocene)—' olcaniclastic sand, gravel, and minor mud in serially Datil G Mulatto Tongue. At Carthage, the Mulatto Tongue is poorly exposed 46 grains, especially in the lower half of the unit. Thickness is
inset deposits (QVv5 is oldest) west of the Rio Grande. Correlation to atil Group . ) ) ) m above the Gallup Sandstone. There, the Crevasse Canyon above the approximately 50-70 m.
Qv3 | alluvial sequences east of the Rio Grande is uncertain. Each unit is - Hells Mesa Tuff ((?a'ﬂ}.’ Qllgqcene)—Brownlsh-plqk, Cryst.al-rlch, Mulatto Tongue is approximately 200 m thick (Gardner, 1910). In the
0-20 m thick. dens:zly gyetlied rhgllohtlc 1gr11m'br1te.1 CIYSta:i otf sg(r)uig;/e, Pflatgﬁoclasi lower part of the Crevasse Canyon Formatior}, below the Mulatto Los Vallos Formation (Leonardian)—Interbedded siltstone, gypsum,
Q4 quartz, biotite, and opaque minerals constitute 5U-2o5/0 Of the roc Tongue, paralic mudstone and sandstone of the Dilco Coal Member host dolomitic limestone, sandstone, and shale in the upper part of the Yeso 56
(Spradlin, 1976). Quart; becomes'mf)re abundant upsection (Spradlin, the Carthage coal seam. This seam is up to 1.5 m thick and lies 8 m Group. About 210_2’25 m thickt Consists of three unmapped members
avs 1976; Osburn apd Chapin, 1983). L{tth fFagmer}ts are sparse to common. above the Gallup Sandstone. In the northeastern Mesa del Yeso (in ascending order): the Torres, Caias, and Joyita Members. The lower 66
Exposed only 1r}wthe Southerp Joylta Hllls- Thickness is approximately quadrangle, the Mulatto Tongue is only exposed in the NW 1/4 sec. 32, contact of the Los Vallos Foi‘matior{ is placed at the base of the
150-300 m. The ®Ar/“Ar sanidine age is 32.35 + 0.01 Ma. T1S, R2E. About 2 km northeast of Puertecito of Bowling Green in the lowermost, laterally continuous limestone of the Torres Member. One or
Neogene & Quaternary . . . . Mesa del Yeso quadrangle, lenses of pebble conglomerate occur in the both of the Cafias and Joyita Members are locally cut out by low-angle
Santa Fe Group - Dac1t(? lava (lat'e EOCQHE)—.Medlum-brownlsl‘}-gray, plagioclase- apd uppermost Crevasse Canyon Formation. Derived from the southwest, normal  faults. Tlor};es Member—Interbyedded }};ale- gto
Piedmont facies of the Sierra Ladrones Formation, undivided arpph1bole-bear1ng lava. It is composec?l of a Z.Omgleg flow 0-90 m thick these consist mostly of quartzite and chert pebbles recycled from moderate-reddish-brown, grayish-pink, or grayish-red, fine- to 3
- (Quaternary)—Weakly consolidated sandstone, conglomerate, and with an autobrecciated base. The flow yielded *Ar/*Ar hornblende ages Mesozoic strata but also contain sparse pebbles of Paleozoic limestone. medium-grained tz . dstone: 1,1't to light- ' . thi °©
; e S ' 4 of 34.04 + 0.02 Ma and 33.98 + 0.05 Ma. :onships indi ; ; : ramed quarzose sandstone; witte to Jight-gray gypsut; fin 9
minor mudstone. Conglomerate is typically poorly sorted and clast These relationships indicate that the nearby Sierra Uplift was being layers and lenses of dolomitized limestone; and pale-yellowish-brown o
supported. Sandstone is typically medium- to very coarse-grained, and . . e unroofed late in Crevasse Canyon time. to olive-black limestone that ranges from carbonate mudstone to k]
cross-bedded or horizontally stratified. Matrix-supported debris-flow - Tufg of Alrroyolzlle;amtf(f) (léte Eolcent;)—{’m'k, lcrystal- a.1;1:1c.1 lithic-rich, peloidal or oolitic packstones and grainstones. They are locally )
deposits are rare. QTsp includes gravelly veneers on pediment surfaces. moderately welded tuff. Crystals of plagioc (flse, sanidine, quartz, Gallup Sandstone of the Mesaverde Group (late Turonian to early fossiliferous, dolomitic, and argillaceous. Thickness is approximately o
Clasts consist primarily of Permian sandstone and limestone. Thickness blOtlﬁoe’ ar19d hornblende constitute about 20-40% of the rock volume. Coniacian)—Fine-grained, = marine, ~ regressive,  coastal-barrier 155 m. Cafias Member—Very light-gray to white, laminated to <
is unknown. The “Ar/”Ar sanidine age is 34.37 + 0.06 Ma ((;haml?erlln et al, 2022). sandstone unit 6-13 m thick. The Gallup Sandstone was mapped as a nodular-mosaic gypsum with minor, thin beds of very fine-grained =
Exposed locally only in the southern Joyita Hills where it is discrete unit on the Cafion Agua Buena and Mesa del Yeso sandstone and fetid, gypsiferous micrite. About 25-100 m thick, Joyita
- Conglomeratic piedmont lithofacies of the Sierra Ladrones approximately 20 m thick. Informal name from Chamberlin et al. (2022). quadrangles but was lumped within map unit Kuu on the Bustos Well Member—Pale-reddish-brown to moderate-reddish-orange, friable and
Formation (early Pliocene to middle Pleistocene) —Characterized by a . e g e . . . quadrangle. The thickest sections are gray to yellowish-gray, poorly calcareous, fine- to very fine-grained quartzose sandstone with
conglomerate to sandstone ratio greater than 2:1 (lithofacies - I.Jm.der'ltlﬁed lgmmbrlt(? '(la'te Focepe)—Browmsh—pmk,' c‘rystal- and indurated, slope-forming units. Thinner sections are more indurated, scattered halite casts and clay flakes on bedding surfaces. The upper
subdivisions after Cather [1997]). Conglomerate is typically poorly 11th1c-F1ch, welded rhYOhth' ignimbrite. Crystals are sanidine, quartz, commonly consisting of concretionary and fossiliferous sandstones beds commonly display low-angle cross-beds and ripple 1005
sorted and clast supported. Sandstone is typically medium- to very and biotite. Crops out only ina fault—repe.ated paleova'llgy on both 51§1es that form ledges. Lower contact is gradational; upper is fairly sharp. cross-laminations. Thickness is approximately 10-50 m.
coarse-grained, and cross-bedded or horizontally stratified. of the Bustos fault in the Blackington Hills area. Unit is 010 m thick. The base of the Gallup contains “Lopha” sanmionis (White). 145 o
Matrix-supported debris-flow deposits are common. Mudstone is rare. Oveljhes ;he 113458 MEL R(;Zko I\I;Ilotlse, CzlmyonT d}hf"f"h (Trh). da“‘?ﬁ 1; Concretionary sandstones about 1.5 km north of the Mesa del Yeso Meseta Blanca Formation (Leonardian)—The Meseta Blanca v D
Includes fills 0-30 m thick in topographically inverted paleovalleys in stratigraphically ehe at A oxy e acite lava (Tdl). The unidentifie quadrangle have yielded abundant Cremnoceramus erectus (Meek) and - Formation constitutes the lower part of the Yeso Group. The Meseta R
the northern t of the Si dela C d le. Th 6l ignimbrite yielded *’Ar/*Ar sanidine and biotite ages near 35.3 Ma, thus are earlv Coniacian. . . . - S
part of the Sierra de la Cruz quadrangle. These fills are ‘milar to th f the Datil Well Tuff (Tdw) and significantly old y Blanca is interbedded very pale-orange, pinkish-gray, and —
inset against, and younger than, the 3.7 Ma basalt flow at Black Mesa stmiar to the age o the Liatit YWell Tull {1AW) and signilicantly older moderate-reddish-brown, very fine- to medium-grained quartzose 163.5
(Tb). Thickness in the Socorro Basin is poorly constrained. than the 34.8-34.0 Ma stFatlgraphm constraints. The dated crystgls are D-Cross Tongue of the Mancos Shale (late-middle Turonian to sandstone; very light-gray to dark-reddish-brown siltstone; and '
probably xenocrysts derived from e>$pose.d' su1.'fac'es Of‘ the Datil Well latest? Turonian)—Noncalcareous, medium-gray marine shale. About dark-reddish-brown. to grayish-red, slope-forming mudstones and 201.3
- Conglomerate and sandstone piedmont lithofacies of the Sierra Tuff (Tdw) during transport of the unidentified ignimbrite. 85-110 m thick with a sharp basal contact (an unconformity) and a shales. Thickness is approximately 70-110 m. Nomenclature after
Ladrones Formation (early Pliocene to middle . gradational upper contact. Fossils include Prionocyclus wyomingensis Cather et al. (2013).
Pleistocene) —Characterized by conglomerate to sandstone ratio - ROCk. House Canyon Tuff (late E;ocene)—nght-gray, crystal-poor Meek near the base, Mytiloides incertus (Jimbo) near the middle, and (2013)
between 2:1 and 1:2; this is the volumetrically dominant piedmont facies I'hY(.)ll'th 1g'r11mb?1te. Cry.stals (4_.104) of rock volume) are mostly Placenticeras cumminsi Cragin near the top. Calcarenites and sandstones Abo Formation (Wolfcampian to Leonardian)—Interbedded 9)
within the Sierra Ladrones Formation. Conglomerate is mostly clast sanld}ne, with mhor plagioclase, biotite, and trace qqartz (Osburn and of the Juana Lopez Beds occur 1.5-2.4 m above the base of the D-Cross - dark-reddish-brown fluviatile mudstone grayish-red to ®
supported and poorly sorted. Sandstone is typically medium- to very C}? apclll‘l, 19{_.?3)' It 1; pOOﬂy tOTr}TOdeIEt?ly ,:;V eldegdd ‘i\g(t)h locljag io%’les }(: f Tongue and are up to 3.5 m thick. The Juana Lopez Beds are of differing dark-reddish-brown lenticular sandstone, minor conglomerate, and .E
coarse-grained, commonly pebbly, and exhibits cross-bedding or a un'ant atte'ne pumlce. e tu '1s about 90— m.t lC' in the thicknesses and ages in the study area. Near Carthage, they are 1.3 m rare limestone. Consists of the lower, mudstone-dominated Scholle ;
horizontal stratification. Mudstone is minor. The thickness in the Elackgmgton H}HS but.ls not present in the southern Joyita Hills. The thick and entirely in the Prionocyclus novimexicanus Zone; in the Bustos Member and the upper Cafion de Espinoso Member, characterized by
Socorro Basin is unknown, but it thickens to the west, Ar/*Ar sanidine age is 34.78 + 0.01 Ma east of the Bustos fault. Well quadrangle, they are 3.1 m thick and entirely in the P. greater sandstone content (Lucas et al, 2005). Thickness is
. . . . . novimexicanus Zone; at the north end of the Mesa del Yeso quadrangle, approximately 140-240 m.
Sandstone-dominated piedmont lithofacies of the Sierra Ladrones - An‘desﬁe to basa.iltlc and'esﬁe dll,(es and sﬂl's' (late' Eocepe to late they are 1.7 m thick and entirely in the P. wyomingensis Zone. Near the
- Formation (early Pliocene to middle Pleistocene)—Characterized by Oligocene)—Mafic to intermediate-composition intrusives that middle of the Mesa del Yeso quadrangle, they are 3.5 m thick and Pennsvlvanian 251.9
conglomerate to sandstone ratio of less than 1:2. Conglomerate is clast T commonly exhibit greenish propylitic alteration. Most are probably include fossils from the P. wyomingensis Zone at the base and the P. y :
supborted and occurs in tabular or lenticular units <2 m thick equivalents of the La Jara Peak Basaltic Andesite, which ranges in age novimexicanus Zone at the top Bursum  Formation of the Madera  Group (early
S PS . fi ined and exhibi X from approximately 36 to 24 Ma regionally. A dike in NW 1/4 sec. 8, T2S, ' Wolfcampian)—Interbedded medium- to dark-gray to grayish-red
an .stone 18 verx ne- to erl"y Foarse-grame and  exnt lt?‘ a R3E vielded an “Ar/®Ar integrated age on biotite of 34.68 + 0.11 Ma . . . mudstone; medium-gray to brownish-black, fossiliferous, and locally
dominance of horizontal stratification and trough cross-bedding. y 8 & oo =L Tres Hermanos Formation (middle Turonian)—Sandstone and N . . . .
. . (Green et al,, 2013). . . dolomitic limestone; and grayish-orange-pink to purplish-red, fine- to
Mudstone is common and occurs as tabular units that locally 4 mudstone that form a regressive to transgressive wedge of nearshore . : g
constitute as much as 20% of the unit. Incipient calcareous paleosols marine and nonmarine deposits about 73-84 m thick with a gradational very coarse-gralped, 1ent1§ular and trough cross-beddec'l, commonly =
oceur locally. Thickness is unknown. Datil Well Tuff (late Eocene) —Medium-brownish-gray, crystal-rich base and a sharp top. Consists of three unmapped members, in pebbly, subarkosic to arkosic sandstone. About 25-90 m thick. g
rhyolitic ignimbrite. Crystals constitute 15-25% of the ignimbrite and ascending  order: Atarque Sandstone Member (middle . L . . &
Pumice and ash deposits of the Sierra Ladrones Formation (early are mostly sanidine, with minor clinopyroxene and biotite and traces of Turonian) —Regressive coastal barrier sandstones that weather light Atrasadf) F.O Fmatlon of Madera Gropp (Desmf)lneSIan, MlSSOurlaI‘l,
ol : - . . uartz and plagioclase (Osburn and Chapin, 1983). Lithic-rich and . and Virgilian)—Interbedded marine, continental, and paralic
p PlelstOCene)_Flood and debris-flow depOSItS of ash and pumice q plag pin, : gray to dark brown or buff and are about 3-26 m thick. Lower . . .
. - . umice-poor. It is about 0-50 m thick in the Blackington Hills and is iti ; i brownish-gray subarkosic sandstone; greenish-gray to gray mudstone;
derived from the 1.6 Ma lower Bandelier Tuff (Otowi Member; see p poor. & sandstones are transitional with the underlying Tokay Tongue and have . . > -
- 5 ’ not present in the southern Joyita Hills. The “Ar/?Ar sanidine ages are e . . . and light-gray limestone. Includes Bartolo, Amado, Tinajas, Council
Cather and McIntosh [2009]). Unit is 0-5 m thick. p y . & very fossiliferous lenses and concretionary sandstone bodies with Sorine. B St Del Cuert d Mova Memb fL t al
35.38 + 0.01 Ma (east of the Bustos fault) and 35.32 + 0.02 Ma (west of the Collignoniceras woollgari woollgari (Mantell). The upper contact is sharp, (%%g)g,A ur;gfi(;;l atgll‘}’rz 30e_27(1)1i; ?1,1 1acrlz oya Members of Lucas et al. 208.9
- Axial-river lithofacies of the Sierra Ladrones Formation (early Bustos fault). especially ~ near  Carthage. = Carthage @ Member (middle - PP y '
sa . . . . . . . . . .
Pliocene to middle Pleistocene)—Channel and floodplain deposits of Turonian)—Marine, marginal marine, and nonmarine sandstone and . c
the ancestral Rio Grande consisting of variable proportions of Spears Group ) shale unit 35-63 m thick; lower two-thirds contains thin, fine-grained Gray =~ Mesa Formation Of' . the Madera Group =
Upper Spears Group (late Eocene to early Oligocene)—Dark- to . . 9 (Desmoinesian) —Medium-gray, fossiliferous, and commonly cherty =
sandstone, pebbly sandstone, mudstone, and conglomerate. Sandstone PP p p y 8 sandstone beds of paludal-lacustrine or crevasse splay origin and . . . .
. L ’ ’ . medium-gray volcaniclastic sandstone and conglomerate. Debris-flow ; ; marine limestone; greenish-gray mudstone; and minor quartzose s
is typically light-gray, cross-bedded, and poorly indurated. Clasts gray & : discontinuous, cross-bedded channel sandstones. The upper part of the . - >
. ’ , i breccias are locally present. Clast lithotvpes are mostlv dark-era . . . s . sandstone. Includes Elephant Butte, Whiskey Canyon, and Garcia =
consist of well-rounded to subrounded pebbles of quartzite, chert, ¢ dcally pro . notyp Ly gray Carthage Member contains marine shale with fossiliferous concretions Memb L tal. (2009). About 130-190 m thick c,,
granite, gneiss, sandstone, volcanic lithics, siltstone, schist, phyllite, bazalt%c anie;ﬁe. (p(laig1oF lals © andd c11nol}:};r()lxe£e-bgarlnlg) bu't a'llso containing Cameleolopha bellaplicata (Shumard) and Prionocyclus sp. Fite cmbers of trcas etat i e g
. iy . . andesite and dacite (plagioclase- and amphibole-bearing clasts similar ; ian)—Hi -
hme&j.tone, obsidian, an@ pumice. Mudstone ranges in color from to those of the lower Spears Group) and ignimbrite clasts. The unit is Ranch Sanslstone Member (middle Turonian)—Highly ‘t?loturbz?ted, Sandia Formation (Atokan)—Continental, shore-zone, and marine fg
reddish-brown to greenish-gray. Paleoflow was toward the south. - P P L1 1asts. coastal-barrier sandstone that coarsens upward from very fine-grained uartz-arenitic sandstone: ereenish-erav mudstone: and subordinate
Thickness is unknown. 0-120 m thick. Mappgd as tongues w1th1r1 the Datil Group. Upper to fine-grained. Sandstones are light-gray weather light- to dark-brown q dium- ine i ! ? U ’tg' 50_175 th', K
Spears ' Group dep051t's below the Datil Group are as much as and constitute a 9- to 23-m-thick, ridge-forming unit with a sharp top mediim-gray marine mestone. Uit 18 ek 323.2 Ma
Transitional axial-piedmont lithofacies of the Sierra Ladrones approximately 100 m thick, but were mapped as part of the lower Spears and gradational base. Contains Cameleolopha bellaplicata (Shumard) and
QTst | gormation (early Pliocene to middle Pleistocene)—Intertongued Group due to poor exposure. Prionocyclus macombi Meek. PROTERO.ZOIC . . . .
axial-river deposits and piedmont deposits. Transitional deposits are L S G (ddl late E Medi lich - Tajo P lut{ﬂn} (Pll‘oteroz'mc)—Megl.u m;ltoLcoarse(igﬁalnéd,~weak1y§011atid
defined as the zone of overlap between the basinward extent of ower opears Lroup (middle to late ocenfe)— edium- to light-gray Tokay Tongue of the Mancos Shale (middle Cenomanian to granite (Tajo p'uton) 18 exposed In the Loma de fas Canas quadrangle. Proterozoic
piedmont sand and gravel and the mountainward extent of axial-river volcaniclastic sandstone, conglomerate, debris-flow breccia, and minor - . 1 1 e shale with mi Commonly highly fractured and jointed. Locally, it contains
sand and gravel. Thickness is unknown mudstone.  Clasts are dominated by plagioclase- and u'ronlan)—Ca careous to noncalcareous gray marine shale wit m.mor, metamorphic xenoliths, rare pegmatites, and aplites. Barite and fluorite
i ’ amphibole-bearing andesite and dacite. Nonvolcanic clasts are locally thin sandstone beds near the base. Sharp basal contact and gradational veins and uranium mineralization also occur locally (McLemore, 1983).
Lacustrine lithofacies of the Sierra Ladrones Formation (early present above the transition with the underlying Baca Formation. upper contact. Concretions near the top contain Collignoniceras woollgari
QTsm Pliocene to middle Pleistocene)—Laminated reddish-brown mudstone Thickness in the Blackington Hills area is approximately 760 m (this woollgari (Mantell). Thin sandstones in basal 5 m contain common Ostrea - Biotite gneiss (Proterozoic) —Medium- to coarse-grained biotite gneiss

North American Datum of 1927 (NAD27)

1:100,000
2 1 0 2 4 6
——— ; { ; | Miles
2 1 0 2 4 6
= H A —Kilometers

Magnetic Declination
December 2024
7° 74" East
At Map Center

Tppc

and minor sandstone that accumulated in local ponds and lakes.
Exposed only in the hanging wall of Alamillo fault in the west-central

part of the Mesa del Yeso quadrangle. Thickness is approximately 10 m.

Basalt flow at Black Mesa (early Pliocene)—Dark-gray, locally
vesicular, olivine-bearing basalt. Consists of two lava flows derived
from vents just east of the Sierra de la Cruz quadrangle (Lucas et al,,
2009a). An imprecise *’Ar/?Ar isochron age of 3.68 + 0.34 Ma has been
obtained from the upper flow. Unit is approximately 20-30 m thick.

Conglomeratic piedmont lithofacies of the Popotosa Formation (late
Oligocene to late Miocene?)—Piedmont deposits characterized by
conglomerate to sandstone ratio of greater than 2:1. Consists mostly of
alluvial deposits, but matrix-supported debris-flow deposits are
common. Conglomerate is mostly clast supported, crudely imbricated,
and poorly sorted. Sandstone is medium- to very coarse-grained and
commonly exhibits cross-bedding and horizontal laminations.
Mudstone is rare, occurring mostly as thin, discontinuous drapes.
Detritus was derived dominantly from Oligocene volcanic rocks.
Paleoflow was generally westward. Thickness and age in the study
area are unknown.

estimate includes approximately 100 m of poorly exposed upper Spears
Group beneath the Datil Well Tuff). Thickness is approximately 200-400
m in the southern Joyita Hills. The age range is approximately 39-36 Ma
regionally (Cather et al., 1987), but two andesite clasts from the lower
and middle part of the lower Spears Group east of the Bustos fault near
the Blackington Hills yielded imprecise *°Ar/*Ar hornblende ages of
approximately 43 Ma.

beloiti Logan and rare Acanthoceras bellense Adkins. Unit is about 165-190
m thick. The Bridge Creek Limestone Beds (22 m thick, 91 m above the
base of the tongue) crop out near Carthage and contain the
Euomphaloceras septemseriatum assemblage zone fauna at the base,
including abundant Pycnodonte newberryi (Stanton). Mytiloides mytiloides
(Mantell) occurs near the top of Bridge Creek.

Dakota Sandstone and lower part of Tokay Tongue of Mancos
Shale, undivided (middle Cenomanian)—This unit was mapped
only in a small exposure in NE 1/4 sec. 22, T4S, R2E of the Cafion Agua
Buena quadrang]le.

Dakota Sandstone (middle Cenomanian)—Gray to yellow, fluvial to
marine, medium- to coarse-grained sandstone and minor mudstone.
Fossils include Conlinoceras tarrantense (Adkins), Plesiacanthoceras
muldoonense (Cobban and Scott), and Acanthoceras amphibolum Morrow on
the Bustos Well and Mesa del Yeso quadrangles. Unit is 20-23 m thick.

with microcline porphyroblasts locally as long as 2 cm. Exposed only in
the northern Mesa del Yeso quadrangle. Hosts sparse amphibolite units
as much as 10 m thick and small granite intrusions.
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