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Abstract 

Tlte Ocate volcanic field in northeastern Hew Hcxico .lies ~·lbreast 

the transition bet\vecn the southern l.~ocky :tountains anJ the Great Plains 

physiographic provinces. The field consists of numerous basaltic to 

d aci tic £1 0\vS of limited ex tent, r anr.;ing in aze fro;n late ~1ioc:ene to 

Pleistocene. Tlte physior,raphic expression of these flows reflects their 

relative a~c. The oldest flm-Js, r3.3 to 5.7 m.y. old, cap the hi?,hcst 

. ;'1esas. These flo\vS are underlain hy stre<lm gravels and appear to rest 

on a sin~;le surface or a series of nearly equivalent surfaces cut into 

the mountain interior at elevations near 3,000 n. Nu1:1erous accordant 

rid::;e tops, subsummits, and parks described by L. L. n.ay and J. F. Smith 

in 1941 and 1943 in the adjacent Taos and Cimarron Ranges are also at 

elevations near 3,000 m and su3gest that· this surface was widespread 

'durin8 late Hiocene tirae. This surface cuts across major Laramide 

structures and the various litholo3ies of the mountain interior; it 

extends eastward onto the Great Plains. The early volcanism was 

follm-:ed by episodic uplift and erosion noH ;narked by three lmver 

~.. erosion surfaces. These surfaces are also preserved beneath volcanic 

rocks that are 4.8 to L~.l m.y., 3.3 to 3.1 m.y., and 2.2 m.y. old. Of 

the four erosion surfaces, the tHo oldest are \varped and locally 

displaced across the older Laramide fault zones, indicating that late 

Cenozoic uplift of the region involved differential mover.H~nt bet\-.rcen the 

Rocky Hountains and the Great Plains. Young basalts, havinz an age o£ 

1.4 m.y., follov1ed major stream valleys nnd are notv nearly 125m above 

the present strea:11 levels. Finally, basalts 0.8 1:1.y. old, \vcre erupted 

mainly onto older flows. 
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Introduction 

Volcanic rocks in the vicinit·y of Ocate, tlew nexico (fig. 1) have 

Figure 1. --~EAR ! lEt~E 

never been studied in detail. These rocks \vere first mentioned. by 

Stevenson (18tH) vJhc) described the physiography of the area and 

desi~~nated Oeate Hesa as the lava-capped plateau that extends soutll\vard 

from the Cimarron 1~ange. This plateau al!aost· completely surrounds Ocate 

Valley and the village of Ocate. Stevenson also recognized the 

continuity between.basalt-capped mesas in the southern part of the 

volcanic field Hith Ocate Hesa. In keeping vlith Stevenson's early 

descriptions of the region, \vith his nawing of Ocate Hesa, and 'ivith the 

location of Ocate more or less central to the volcanic field, this area 

··,-Jill be referred to as the Ocate volcanic field. 

The Ocate volcanic field extends from the southern part of the 

. Cimarron Range in the southern Sangre de ·cristo _}1ounta_ins, southeastward 

to the vicinity of Hagan l·lound (fig. 1). The field lies west of 

Interstate 25 except at Wagon Mound, is bounded on the north by State 

Road 199 and on the \\lest by the Norene and Guadalupita Valleys 

(fig. 2). The flO\.JS extend as far south as the Turkey Hountains but do 

not completely surr.ound the domal uplift •. Flows vented on the southeast 

side of the Turkey .Hountains and flo\.Jed east\vard, follo\ving the 

drainages of the ~~ra and Canadian Rivers. 
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Figure 1.--~~cneralizeci r,eologic map of the Ocate volci1nic field and 

vicinity, Ne\v Hexico. 
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D:trton (1~2H) was the first to co:npletely outliue the distribution 

of volcanic rocks in the field. Det~ilcd ·geologic mapping around Ocate 

by Bnch:nan (1953) refipcd the areal extent of the field. Parts of this 

area have been mapped and described by Smith and Eay (l9L•3) and T~obinson 

and others (196l•) at the southern end of the Ci1y1rron Ran~:;e, l>y Sir:11:1s 

(19~5) south of Rayado, by SchO\·Wltcr (1.9()9) in the Lucero area, by I~.ay 

an.J Smith (1941) and Petersen (1969) in and near the !Iorenc Valley, and 

by Johnson (197l•, 1975) in the Rc:d.nsville and Ft. Union areas. 

ltadi.o~etric age data have been obtained by Stormer (1972), aussey (1971) 

and P. H. Lip,nan (written cor!lmun., 197B) and sampling for geoche::1ical 

analyses \vas made along a highHay traverse by Aoki an::i Kudo ( 1 fJ7 5). The 

physio~raphy of the eastern part of the Sangre de Cristo Hountains has 

--
been'described by Lee (1921), Fenneman (1931), P,.ay and Smith (1941), 

,. .. Smith and P-ay (1943), and Levings (1951), hut none have dealt directly 

with the Ocate area. 
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Physiographic and Ceoloi_;ic Setting 

The volcanic field appQars 'to cross the transition zone betHeen the 

southern Rocky ?tountains and the Great Plains physiosraphic provinces. 

This uoundary, based on structure and topography, is not clearly defined 

in northeastern He'i·J nexico. l..o\.Jer Tertiary strata, gca'tly inclined to 

the cast, rise to ;·,10re than 3,000 m in elevation on the 'ivcst side of the 

Raton Basin before the ho:sback.s of Cretaceous strata arc reached. Lee 

(1~)21) drch, the boundary bet\vecn tb1e tHo pro,vinces alonr.; the Cretaceous 

hogbacks, defining the boundary solely on structural grounds, and 

described the ;:1ountainous P-aton Basin as the highest, most severely 

disscc.ted part of the Great Plains province. Lee continue:.! this 

boundary south\vard from Colorado, around the east side of the southeast-

. trending Cimarron Range and then \·Jest\.Jarcl to the southern part of the 

.. ·Horeno Valley. From the Horeno Valley he extended the boundary due 

south to\vard Las Ve~c:.l.s along hogbacks held up in part by the Perc1ian 

Glorieta Sandstone (figs. 1, 2). 

Figure 2.--NEAR HERE 
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Fi.\~urc 2.--Block diagra:n of the Ocate volcanic. field sho~~ing t'.l3jor 

fleographical features. 
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Figure 2.-- BLOCK DIAGRAM OF THE OCATE VOLCANIC FIELD. 
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Lnrn:.1ide struc-tures in this area su~gcst instead that this 

physiographic boundary extends dir·cctly south from the Cimarron l~ange. 

In the San~~re de Cristo ~lountnins, Lararai.de-a~:,e structures consist of a 

series of \vest-tiltl~d, north-trending b~1sement blocks bounded on the 

e~1st and \.Jest by h~~h-an~jle reverse faults. Frm:1 Las Ve~as northw3rd, 

the :najor frontal f.3ult that bounds the cast side of the uplift trends 

north toHards the Horeno Valley (fig. 1); hoHever, in the vicinity of La· 

Cueva, this zone bifurcates, definin3 another· gently \vest-tilted block 

on the east. The southenst margin of this block is marked by moderately 

upturned Paleozoic· and tlesozoic sedi;nentary rocks. This zone trends 

north-northeast, is locally covered by the Ocate volcnnic field, and 

becowes strongly faulted \vhere it 1:1erges with the hir;h-angle faults that 

mark the eastern boundary of the Cimarron Ran3e. Ray and Sr.tith ( 1941) 

,. referred to the northern part of this basetnent block as the Ci111arron 

block \vhere it is co:nposed entirely of Precambrian igneous and 

.·metamorphic rocks; ·it is separated from the southern, ~ess strongly 

uplifted part, by a raajor north\.;rest-trcnding hieh-angle fault. The 

Cimarron block, def.ined here as a continuous structural entity, is 

creccnt shaped, convex east\..rard, and \videst in the central part, 

pinching out north and south \vhere its frontal faults merge with the 

major frontal faul~p of the Sangre de Cristo llountains proper. The 

Ci;narron block is herein interpreted to belong to the I~ocky Hount.:1in 

physio~raphic province. The Hestern part of the Ocate volcanic field 

lies \vithin the southern part of the Cimarron block and the western 

margin of the block rou~'.hly defines the \..restcrnmost extent of the 

volcanic field. The volcani.c field crosses the eastern margin of the 

block and extends onto the Crcat Plains. 
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Geomorphic Evolution 

The Oc-:1 te volc~nic f icld consists of numerous volcanic flo\,rs of 

limited extent, ran.~~inr, in age fro:n late 1'-liocen.e to Pleistocene. The 

field ran~es in elevation from over 3,000 i!l in the Sangre de Cristo 

t~ountains to less tl1an 1,800 m on the Great Plains. The physiographic 

expressions of these flows reflect their relative ages. Three major and 

one minor levels .of basalt-capped mesas are present (fi,gs. 3, 4). The 

Figures 3 & 4.--~~EAR HERE 

highest volcanic rocks are oldest and erupted bcitwcen R.3 and 5.7 n.y. 

ago (table 1). The· intcrr:.1ediate level basalts \\rere erupted bet\.Jeen 1~.8 

Table 1. --NEAP. HERE 

and 4.1 m.y. ago. Flows, 3.3 and 2.2 n.y. old, cap the two lowest 

pediments in the area. The younr,est flows, dated at O.S m.y. flowed 

onto surfaces i:luch as they appear today. 

.. ' 



Fi~~urc 3.--Grcat Plains Province, northeastern Uew Hexico. Viet.v to the 

sout\n;est; sno\v-cappc<.l San~_~rc de Cristo ;tount3ins in background. 

There are four· major physio~raph~c levels. They are, from h:i.:shcst 

to lo\vest: l\phchc Hesa (\,Jest), Apache Hcsa, Charette f·lcsn, and the 

Las Ver;as PJ.a,tcau. 
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Fi.gure fl.--Schematic topo;-•,rHphic profile sbo\.:lng the physiograp:lic 

relations het\.;cen various ero.sion surfaces and their overlying 

ba~altj_c rocks'.in the Ocate volcanic field and the naton BCJsi.n. 

Dashed lines connect correlative surfaces. 
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Table 1.--T..ate Cenozoic K-Ar a,c~cs of hasaltic flm.;s of the Ocate 

volcanic field,, nortlle:1ste'rn New H.exic.o. 
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Table 1.--Late Cenozoic K-Ar ages of basaltic flO'viS of the Ocate volcanic field, 
northeastern ~,:ew nexico 

Location 
*Ar40(1 0-10 *Ar40 

A3e 
Field (Lon~. •,..;. , 1~20 +2 

Locality no. L:lt. r~.) (percent) r.toles/.sram (percent) (;:i:-y.) 

Cerro del Oro CHV-1 36°04,, 105°55' 1.93, 1.95 0.022 15.1 0.81+0.14 
:'-ia:<on Crater 631-189 35°53,, 104 °52, 1.15, 1.15 0.023 20.9 1.37+0.15* 
~·:a.; on ::ound 681-228 36 °03,, 104°42' 1.31, 1.29 0.041 32.3 2.20+"0.17* 

( 10\·:er 1:1esa) 
C!larc:tte :-'tesa 6~;L-187 36°01,, 104°42' 0.74, 0.74 0.033 21.5 3.07+0.34* 
~-1hi te Peak 0: lV -21.-J?A 36°07', 105°02' 2.oa, 2.08 0.098 8.3 3.53+"1.20 
r.uadal upi ta Valley 1C2a 36°04,, 105°17' 2.40, 2.38 0.132 18.0 3.B3~j.46 

:>o lC2b :l.o do 2.36, 2.38 0.155 52.7 4. 53+"0.18 
La :!esa ( sout il en:l) 11..2 36°03, , 105°09' l. 29, 1. 32 0.078 47.2 4.1 9+0. 25 
El Cerro Colorado 4C2 36 °04, , 105°15' 2.13, 2.1 () 0.128 48.2 4.1i+o. 24 
Cuad aluo ita Valley 2C2 J6°0L1', 105°16' 2.64, 2.66 0.165 25.4 4. 32~). 44 
Blake 1.akc 681-196 36°17', 105°16' 1. 98, 1.96 0.127 57.9 4 .4i+o. 23 
Gonzalitos :~esa GV-2 36°08', 105°11' l. 61,, 1.64 0.106 35.9 4. 52+0. 34 
Cerro :;ontoso c:·iV-2 36°23', "l\JL, 0 47' 1.17; 1.19 0.079 40.7 4.67+"0.32 
Cerro Vista 6CV-3 36°0/J', 105°26' 1. 48, 1.47 0.122 '· 7. 3 5. 74"+-J. 34 
Las ;!esas del Conjelon (>gL-183 3n°00', 104°42' 1.16, 1.10 0.100 55.7 5. 94+"0.40* 
~;icrra ~~l<"l tuosa CV-6 36°14', 105°0tJ' l. 79, 1.80 0.214 l16. 9 n. 34+o. so 

Constants: ,.40 
i·~ 0. 5 ~~ 1 X l 0 -l 0 I yr 1.167Xl0-4 · 

:'; 1\ges provideJ by i'. 'd. Lip1nan an.j il. H. Hchnert ' 



Volcanic rocks older than 5 ;nillion years 

:Casalts older than ) 111.y. preserve beneath their cover the highest 

gravel-;-c.overed surfaces in tll:i.s area •. The oldest basalts, dated at 8.3 

m.y., are present on Sierra 11ontuosa in the north\.J(;!Stern part of the 

f :i. eld ( f i~; • 5) • 

Fj_gnre 5. --:'JE/\T~. n:~rn: 

Basalts dated between 5 and 6 ~.y. were erupted fro~ widely 

separated vents. 1\t Hn::;on Hound 15asal flows at Las Hesas del Conjelon 

(fi:~· 5) have been dated at 5.9 m.y. High flows along the \vest side of 

the field (fi::;. 5) and at the present drainage divide of the San~~re de 

Cristo Mountains in the Cerro Vista 7 l/2 Quadrangle have been dated at 

S. 7 ra •Y. 

12 
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Figure 5.--Distribt~tion of volcanic rocks erupted prior to 5.5 1:\.y. 

ago. Areas identified on the. diagram are outcrops of these rocks. 
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Figure 5.--

DISTRIBUTION OF VOLCANIC ROCKS ERUPTED -PRIOR. TO 5.5MY AGO 
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Sierra ~·lontuosa Jlesa is a nortlnvest elon13ate mesa held up by 

basalt, reachin.<j an elevation of 3,13(j m. The r.1esa stands ahove the 

slightly 10\ver Oc~t~ :·lesa, a surface held up by the largely flat lying 

Permian Glorieta Sandstone. 

The base of the flO\,IS alon)j the south\vest side of the 1~1esa is about 

100m higher th;m ori the northeast side, suggesting that the floHs 

occupy, in part, a gentle depression. Hell-rounded strea::1 gravels, 

cobbles, and boulders are well exposed at the base .of the flo\vS along 

the south\.:est side of the nesa. 

High basalts, east of Aqua Fria Peak, cap the 3,000 Pl high La 

Grulla Ridt;e (Figure 5). The basalts overlie abundant, rounded pebbles 

of Precambrian gran.ite, quartz-feldspar-muscovite ~neiss, and 

peematite. The und~rlying sedimentary rocks and gravels are not exposed 

along the northwest side of the ridge where younger basalt flm,1s have 

covered this contact. The base of the basalts is about the same 

elevation as those on the northeast side of Sierra Hontuosa Hesa. The 

sir.d.lari.ty in elevation of these basalts suggests that they are roughly 

equivalent in age. The source of the basalts on La Grulla P .. idge is not 

kno\·m; because th~y.lie at a sliGhtly lo\ver elevation than the basalts 

of Sierra Hontuosa i-Iesa, they may re·present the more distal parts of the 

sa;nc flo\..J system. 

14 
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Olivine b.:tsalts in the Cerro Vist<1 area, dated at 5.7 m.y., consist 

of a northeast-trending flow-capped ritlge about 3 km :i.n len:.:;th. The 

base of the basalts is· inclined to the south\vcst; ran~ing :i.n elevatj_on 

from about 3,<H7 ;n at the divide to near 2,395 m at the south\A!esternmost 

exposure; maximum elevation of the basalts j_s 3,0()0 m. The base of the 

basalts is higher southeast of the axial part of the exposure, 

suggesting that the flows occupy a soutln-1esterly inclined paleovalley. 

The basalts were deposited on the Pennsylvanian Sandia For~ation, aud 

locally pebbles and cobbles of \vell-rounded Precambrian igneous and 

metamorphic rocks are present at this contact. These gravels are 

separated from the nearest Precambrian outcrops in the rtincon Range to 

the east by the >1ora River valley (fi~. 2). The valley floor is nearly 

600 m below the base of the basalts and.the underlying gravels. The 

.. ·crest of the Rincon Range rises nearly 900 m above the valley floor. 

Several basalt flows near Palo Flechado Pass \vest of the Horeno 

·valley (r>eterson, 1969) are described as thin local flo\vS resting on lag 

gravels of the Hiocene Carson Conglo:nerate (Just, 1937). The flo\vS 

ageregate less "than 15 m in thickness. Their ceomorphic expression is 

similar to that of the 5.7 m.y. old basalts located in the Cerro Vista 

Quadrangle to the .south. 

15 
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lligh-level olivine basalts at \~a~;on }1ounJ stand ns a series of 

east-Hcst trendin3 buttes and mesas that represent both volcanic necks 

and basalt-capped mesas (fig. 2). Santa Clara rtesa and The \·Jngon ~lound 

e:1.re t\vo highly dissected volcanic necks east of the ~nain sequence of 

basalts that cap Las Ucsas del Conjelon. These basalts lie on the 

Dakota Sandstone, Niobrara and Henton Formations, but are separated from 

them by thin gravels composed principally of Precambrian cobbles and 

pebbles. The base of the basalts is approximately 225. m above the 

lowlands to the south and about 100 m above the younr,er Charette 'l·'iesa 

flo\vS to the northwest. The floHs on Las Hesas del Conjelon \vere 

erupted fro:n a series of vents and fissures that are alined ~vi th or 

parallel to the east-trending lin~ defined by the· tvm dissected vents 

that lie to the .Hest of the mesa. These flmvs probably did not extend 

.. far beyond their present lir.tits. Thickness of the flo~.;s is variable: 

as much as 75. rn thick near vents, decreasing to 20-30 m at the present 

margins of the mesa. 

1 6 
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Three mesas enst anJ south of Ocate, capped by basalts older than 

about 5 :n .y., rise 6.0 n above the \vidcs pre ad surface on \vhj_ch tlle l:. to 

5 m.y. old basalts li.c. They are, fron north to south, Apache ;·lcsa 

(\..;rest), Encinosa :·tesa and Black llesa (fig. 5). The source for these 

older basalts is no't· kno\oJll. All flm.;s are sinuous in plan, trend 

nortln1est, and the surface on \V'hich they lie dips sently southeast. At 

least one flm,,, the Apache Hesa (Hest) flm..;r, is tmderlain by a thin 

veneer of gra.vei composed mainly of Precambrian pehbles and cobbles. 

Al thou[·~h these flO\vs are \·Jidely separated, they all lie very close to 

the eastern margin of the Laraoide-a)ie Ci::1arron block. These basalts 

appear to be about the saMe age, older than the 4 to 5 rn.y. volcanic 

sequence, were deri~ed from individual centers ·probably located near the 

eastern edge of the Cimarron block, and Qay have been confined to broad, 

southeasterly inclined stream valleys. 

The nearly equivalent elevations, near 3,000 m, of the highest 

basalts at Sierra Hontuosa, La Grulla, Cerro Vista, and perhaps the Palo 

Flechado area (fig. 5), and their tmderlying ~_;ravels, suggest that these 

basalt~ were erup~ed. onto the same surface or a series of surfaces of 

nearly the sat:le clev.ation. This surface extended across major 

topographic depressions of today, as indicated by the source of gravels 

un~.erlying these basalts. The ntmerous accordant ridge tops, substmmits 

and parks (nay and Smith 1941; Smith and Ray 1943) in the .adjacent Taos 

and Cir:wrron Ranges are probably re:nnants of this \-Jiclesprcacl surface. 
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The surface bene;Jth the bosalts on Las Hesas clel Conjelon appears 

to represent tlle eastvmrd extension of the surface beneath the 

physiographically hi~hest hasaltr; to· the Hest. · The basalts of Encinosa 

Hesa, Black Nesa, and Apache Hesa (\vest) rest on ·a surface that is 

physiographically equivalent to and apparently :1pproxir.tately coeval Hith 

those segments to the east and \vest. The surface beneath Las ~'lesas del 

Conjelon rises 9.5 m/km to Apach~ H.esa (\.Jest), then increases to 32n/km 

to the base of the basalts capping Sierra Monturosa }~sa. The chan~e in 

gradient occurs at the eastern margin of the Cimarron block. 

Th1.s surface cuts across diverse rock types and sharp structural 

breaks, su~jgesting that late r-.liocene time \vas marked l>y major erosion 

and pediplanation in the absence of tectonic activity. This surface is 

probably coextensive Hi th the widespread late Hiocene erosion surfac'e in 

the front ranges of Colorado and \~yoming. (Scott, 1963, 1975; l:Uight, 

.. ·1953; Hoore, 1959). l\11.d this surface probably represents the upland 

erosional area \vhich supplied sediment for the Hiocene and Pliocene 

Ogallala Formation, envisioned to have been deposited during a period of 

major crustal stability, characterized by pediplanation in the mountain 

interior, and by thin, sheet-like deposition in the adjacent plains 

(Scott, 1975; Frye and Leonard, 1957, 1959). 
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Volcanic rocks erupted betxvecn L~ and 5 nlillion years ago 

Hasalts, andesites and 1:1inor dacites of the second a:_;e group arc 

most abundant in tl!e·nortl:\vcstern part of the. volcanic field (fig. 6). 

·These rocks cap Urraca, (1~.3 m.y. old (!lussey, 1971)) Fowler, 

Figure 6. --HEAR HEr~E 

RaycHlo rmd Conznlitos (4.7 m.y. old) i'Icsas located east-southenst of the 

Cinarron P.ange, and arc the lo\-Jcnnost basalts. ·of the Ortega and r~ivera 

?lesas northeast of Ocate. P-ocks of this a3e group apparently constl.tute 

the majority of the flo\·.iS in and around the Aqua i7ria Peal::. area and 

interfinger with 4.~ m.y. ·old volcanic rocks at Black Lake •. Plows 

erupted from the north end of La ncsa and from Cerro llontoso (1~. 7 m.y. 

old) flooded the southern part of La ~~sa (4.2 n.y. old) and parts of Le 

Tebres. :·tesa. The basalt-capped Gallina aesa, directly north of Ocate, 

is at equivalent elevations and distance above the present-day strearas 

and is interpreted t9 belong to this period of volcanis~. Four to 

5 m.y. old basalts are present in Guadalupita. Valley (L.~3 m.y. old), to 

the north alonz Coyote Creek ( l~. 7 m. y. old ( Sto rwer, 1972)) and cap El 

Cerro Colorado (4.1 rn.y. old). 
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Figure G.--Distribution of volcanic rocks erupted between 4.0 and 

5.0 m.y. ago. Areas identified· on the diagra:11 are outcrops of 

these rocks. 
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Figure 6.-- DISTRIBUTION OF VOLCANIC ROCKS ERUPTED 

BETWEEN 4.0 AND S.OMY. AGO. • •• t-



BasCJlts in the. northHe~to.rn _part of the volcanic field, (fig. 6) 

rest on a ~outheasterly inclined surface covered by sparse to abundant 

gravels .co:npo~;ed largely of Precar"lbrian 1:1etanorphic and igneous roeks. 

This surface appears to be a compound 'surface forr:lcd in the early 

Plioc:ene by lateral· corrasion of the ancestral J~ayado Creek, but 

sur;nounted by small basalt capped r.1esas that preserve the late 1liocene 

sur face. 

This surface extends fro:a the ;-loreno Valley east\vaJ;d onto the Great 

Plains, and includes t;.ayado, Gonzali tos and Urraca Uesas, \\'hich are east 

of the frontal fau:L ts hounding the Cimarron Range (fig. 6). Sr.1i th and 

Ray (1943) named the surface defined by these three mesas and the 

adjacent Fo\vler and.· Ortega-I~ivera ~·1esas, the Urraca surface. They 

tentatively correl~ted this surface with the erosional surface of the 

Park Plateau, 10 km north of Urraca t~sa. The Park Plateau, ~1ich 

extends fro~-:1 I~ton, ·New Hexic·o south to the Cimarron I~ange, is the 

highest surface beneath the late Hiocene Raton Hesa surface, capped by 

7.2 m.y. old (Stormer, 1972) basalts. The Urraca surface is equivalent 

to the Rayado surface of this report, \vhich is the highest surface 

preserved beneath. the 8.3 r.1.y. basalts of Sierra Hontuosa Hesa. Basalts 

from Urraca Hesa \vere dated at 4.3 m.y. (Hussey, 1971) and those from 

the nearby Gonzalitos Hesa yielded a date of 4.7 m.y. By. reason of the 

physiograpl)ic similarity bet\veen the Rayado surface and Sierra Hontuosa 

surface in the Ocate area, and between the Park Plateau and the Raton 

Hesa surface to the north (fi~~s. 2, 4), and the equivalence in elevation 

of the Park Plateau and the Urraca i·lesa, near the Cimarron r~ange, the 

Park Plateau and the l~ayaclo surface are interpreted to be the snmc. 
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This surface for:ncd· .:tt so::1e time bet,•JCCn 5.7 n.y. ago (the a::;e o.f the 

youn.:.~cst basalts on a surface roughly equivalent to the Sierra i-lontuosa 

surface} and 4.3 m.y. ago (the age of the basalts on Urraca :tcsa). 
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Fi;~ure 7 depicts, in a general \..ray, the early Pliocene topo;jrapby 

Figure · 7. --NEAl~ f!E!'.E 

of this surface. The Park Plateau is marked by a gentle southeast slope 

\vitlY a concave upHard profile. The steepest gradient is present near 

the Sangre de Cristo frontal faults. Souttn•m.rd, thi.s surface contains 

areas of variable slope and profiles are both concave upward and 

d0\vn\•.7ard. From the >to reno Valley 
1
on the \·Jest to La Grulla Ridge, the 

elevation of the r,ayado surface decreases from nearly 3,000 ~ to about 

2, RSO 1~1. East of La Grulla r.idgc, the surface becoines more steeply 

inclined before again assuming a gentle southeast dipping gradient 

(figs. 2, 7). The zone of overstE!epened gradient is roughly coincident 

Hith the eastern margin of the Laramide-age Cimarron block and with 

'north-trending linear features observed on air photographs that cut 

across the basalts. Structure contours on this surface suggest that 

streams locally dissected this surface e.ast of La Grulla Ridge before it 

was covered by volcanic rocks. 
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Figure 7 .--Structure contour iilap dra-vm on the 4-5 m.y. old surface in 

the Ocate volcanic field and in the Park Plateau in the l.~'lton 

Basin. Contour· interval is 200 feet. Thousan:.l foot contour lines 

are solid; intdrvening contour lines are dashed. Contour lines are 

approximately:located. 
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The overall plannr character of the r:ayado surface wd its 

trunc:ation of various lithologie's and of Major structural. zones, are 

inr.licativc of planatj_on fon~1ed by the lateral corrosive action of 

stren!1S. The break in slope east of La Grulla Ridge cnnnot be 

consiJc.red to have been present \.Jhen this surface \,ras for,-:led. It is 

coneludcd that (1) the overs·teepenecl gradien.t observed on the r~;·lyado 

surface represents \varpin~~ of that surface; (2) vJarping represents 

clifferential uplift betHeen the Sal'l~~re de Cristo ~·tountains, to include 

the Ci1:1arron block, awl the Great Plains; and (3) the Harping rnay have 

occurred prior to volcanism, as xvell as after this period of volcanic 

activity. 

E~salts erupted fro:n the Aqua Fria Peak area lie on the llayado 

·surface, and are continuous Hith the basalts in the Horeno Valley at 

'Black Lake. But the Black Lake flov:s lie so::l.C 100 m belo\..r this 

surface. The youngest flo\vs, which have not been dated, appear to have 

cascaded over an arcuate \vest-facing scarp held up by steeply dipping 

Paleozoic sedi!1lentary rocks and that no\v separates the t\,70 levels 

(fig. 2). The basalts on both levels appear to be essentially the same 

age; radiometric age data indicate that their lateral ·equivalents \.-Jere 

erupted between 4.8 and 4.1 n.y. ago. 
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The ancestral l~ayado Crc.!ek \vas a 1:1ajor drainage system in enrly 

~>J.iocene ti1~1e., and cut a large, east-southeast trendin5 plain on 

predom:lnantly gently folded Glorieta Sandstone and older sardstone and 

shale prior to 4.8 :11.y. <:1go. This drainage appears to have been 

captured by Coyote Creek that followed the less resistant Lara;nide 

structural zone, parallel to the mountain front (fig. 2). This zone is 

rnarked by high-an~~le reverse faults and nearly vertical sandstone and 

shale and is much less resistant to erosion tha.n the gently inclined 
J 

Glorieta Sandstone that is present in the upper reaches of the l·~ayado 

Creek drainage. With capture, pediplanation by the ancestral Rayado 

Creek would be arrested. The plain cut by it is perched above the 

surface carved by the ancestral Cqyote Creek. Erosion alan~ the 

--
ancestral Coyote Creek reduced the \\•esternmost part of the original 

,pediplain several tens of meters before volcanism occurred; flows 

belonging to this period of volcanism and dated at '•· 7 n.y. (Stormer, 

1972) appear to be confined to a shallo\.J valley on the \vest side of the 

volcanic field, and are no\-J present in the northern part of-Guadalupita 

Valley. The pediplain cut by the ancestral Coyote Creek apparently 

extended over much of La I··Iesa and Le Febres He sa, and may have ·extended 

over the area now occupied by the Ocate Valley. Small streams flowing 

east, out of the Rincon Range, were apparently graded to the Coyote 

Creek drainaze, as ind:lcated by perched, basal.t-covered p,ravels on El 

Cerro Colorado. These overlying basalts \vere dated at 4.1 m.y. 

Coplanar pcdi:nents, ·not capped by basalts but preserved bet\veen El Cerro 

Colorado and La Hesa, appear to be remnants of this surface. The 

Guadalupita Valley did not exist at this time. r:.c:&ther, the basalts in 

this valley \vere probably coextensive Hith the volcanic rocks on La 

r·tc sa. 
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DO\·m-to-the-vJest normal fault:i.n.~ may have initiated the Coyote 

Creek erosion cycle. This 1.s reflected in" tl1e lo\ver level of the Black 

Lake floHs, the ba~:;alt. cascade over the scarp, and in the sli~lltly 10\ver 

elevation of the flows on La rtesa than flo\vS on Rivera ~tesa. North-

trending, down-to-the-\vest normal faults are present directly north of 

this area and mark the east boundary of t lie Neogene ito reno Valley (Clark 

and Read, 1972; Ray nncl S1:1.ith, 19Ld) and offset so:ne of the Aqufl Fria 

flovJs (fig. 1). To the south, the bascllts that cap El Cerro Colorado, 

and dated at 4.1 n.y., end abrurtly at Guadalupita Valley on the west. 

275 m bclm-1, in the valley and clirec tly we.st of the basalts, are flovJS 

interpreted to be the dm ... u-faul ted extension of the El Cerro Colorado 

flo\\'S. Farther south faults are seen to cut older alluviuGl on the east 

side of the valley (Baltz and O'i~eill, 1930a, b). Geophysical data of 

Hercer and Lapalla (1970) shaH an east\vard thickening wedge of valley 
,.· 
fj_ll in the Hora Valley. Additional evidence for structural control of 

the valley is given in the comparison of strea:n profiles fror:t the Ocate 

volcanic field (fig. 8). Of those major creeks V.1hose head\vaters are 

Figure 8.--NEAR HERE 

located in or adjacent to the volcanic field, only Coyote Creek shows a 

decidedly flat, albiet concave upward profile; this is in marked 

contrast to the typically more concave upward profiles of Rayado and 

Ocate Creeks. The Coyote Creek profile does not converge upstreaJ~l with 

these other strear.1 profiles, nor with the surfaces upon 'vJhich the Sierra 

Nontuosa and Rayado basalts lie. Instead, the Coyote Creek profile 

diverges from these profiles in an upstream direction. This upstream 

27 
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Figure 8.--Co:nparison of stream profiles of Rayado anc.l Oc.ate Creeks and 

Coyote and Ocatc·creeks as projected·onto a line located along 

tl1eir interfluve and alined subparallel to the t\·lO drainages. The 

profi.le of the base of the L,-s n.y. old volcanic rocks, as 

projected on.to this line, is sho\vn on both diagra,~1s; the profile of 

the base of volcanic rocks older than 5 :n.y. is shoHn on the 

Coyote-Ocate Creek projection only. 
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diver~.~ence suggests structural droppin~ of the Coyote Creek draina~:,e. 

The !lora-Guadalupita Valley app~:ars to be n half graben, bounded on the 

cast by normal faults. 
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Volcanic: rocks youn~er th:.1n 1+.0 million years old 

B<.!Salts of this a3e group are volu!~letrically the r:1ost abundant 

flm.;rs, account for the 1aajority of the flm...rs in the Great Plains 

Province, and also cover a lar~~e part of the southern Cinarron block. 

Some volcanic centers that expelled these flo\·Js are ;dined along the 

structural boundary bet\veen these tHo provinces. A~~e relations ai:Iong 

these basalts are kno\·m largely fro:n superposition and physiographic 

. expression; however, five K-Ar ag~ dates fro111 these flov1s indicate that 

they range in age from 3.5 to 0.8 m.y. 

Flows that cap Charette ?~sa are physiographically the oldest flows 

in this age group and define the hi3hest surface below the Rayado 

surface (fig. 9). Charette Hcsa is a broad flat feature, nat'H:!d for 

,.·Figure 9.--NEAR HERE 

Charette Lakes. In this report, the na~e is applied to the surface that 

extends west\·mrd from Hagan 'Hound to Cerro Pelon and the Ocate Valley. 

The eastern part of the mesa, capped by multiple basalt flows that 

aggregate about 5-10 m in thickness, defines a very flat surface. In 

the central part of the mesa, small knobs and isolated buttes and smail 

mesas rise above this surface and the terrain becomes one of slightly 

hummocky relief produced by basalt flO\ ... 'S expelled from local vents. The 

youn3est basalts in the Ocate volcanic field are in this part of the 

Charette Hesa. 
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Figure 9.--Distribution of volcanic rocks erupted since ~~.o 1:1.y. ago. 

Areas identific~ on dia~ram are outcrops of these rocks. 
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Bas.:1lt cap;)ecl Ptesas and buttes LlirC!ctly enst of Ortega :tcsa a:1d 

south of 1~'1 yado l ic sa <-! re the sa:~lC cl eva t ion as t be Chare t tc ~·!c sa flo\vs 

Charette :·tesa .:1re also (>0 r1 belo\..r the t~-5 r,1.y. floHs that cap 1\pache 

t lcsa. 

The oldest volcanic rocks on Charette I!csa arc multiple olivine · 

basalt flo\oJS. The floHs arc underlain by coarse stream 2,ravels cot:lposcd 

~ainly of Prec~1brian metasedi~entary and igneous rocks and oinor basalt 

that are locally \·,1ell cemented by calcit.11:1 carbonate. These loHest floHs 

at \'lagon nound have been dated at 3.3 n.y. by Storncr (1972) and 

3.1 m.y. fro~:1. sa;nples submitted by P. H •. Lipman (written co.:tmun., 

1928). _ Hestvmrd, these flood basalts are overlain by successively 

younger, less voluminous flovJS erupted from co:nposite cones that stand 

•' 

as rounded knobs and r.10unds \vi th 30 to 100 m of relief. These can be 

divided into three major groups: an older series of vents which Day 

have expelled the basalts to the east; an ~nterm~diate age group around 

which subdued basalt flo\·J'S can 1)e recognized and mapped; and a very 

young series of floHs showing \vell-preserved floH ;norphology and 

associated with moderately eroded cinder cones. 

Flanks of the older cones 3enerally clip bet'\veen 5 and 10 de~~rees. 

Dikes and small plugs intruded these cones and resulted in locally steer.) 

cone flanks. Volcanic breccia, scoriaceous material and oxidized 

vesicular basalt compose these vent structures; most of these rocks 

occur as thin layers that dip ~ently toward the center of the vent. 

l'tadial dikes are common and some vents appear to have held small lava 

lakes in their centers. 
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Intermediate <.~gc vents arc present south of Apache ;Jesa, on either 

side of State lligh\vay 122, and exp,clled the ·~~1ajority of basalts that 

cover the central part of Charette llesa. Cooks Peak and Cerrito Pelon 

northeast of Ocate ~xpelled basalts that also flooded the area bct\\reen 

Apache Hesa and Encinosa Nesa. These basalts interfinger \vith each 

other and hence appear to be con tcmporancous. 

Basalts on Charette f.lesa are underlain by coarse stream gravels 

conposed of Preca~brian metasediQentary and igneous rocks, Paleozoic 

sedimentary rocks and ::tinor basaltic rocks. These gravels and the flat 

surface on \vhich they rest appear to represent a ·broad surface for::ted by 

an east flo\ving strean that headed in the vicinity of Ocate and 

coalesced Hith strea::ts flo\ving south and southeast from the Cimarron 

Range. These strearns reduced the landscape so:ne 60 ·m below the l~-5 r:t.y. 

~old volcanic flows that cap the R~yado surface and before the eruption 

of the 3.3-3.1 m.y •. old basal basalts on Charette !1esa. 

The basalts within the Ocate Valley \.Jere not dated, hence, neither 

the age of the basalts nor the minimum age of the underlying Las Feveres 

Formation is known. That this valley did not exist during the 4-5 m.y. 

volcanism, but had essentially assumed its present physiographic 

expression by the beginning of this period of volcanism, 3.3 to 3.1 m.y. 

ago, is indicated by the follmving evidence. 
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(1) Ocate Valley is a larf~e, rougltly elliptical depression that is 

drained by Ocate Cree:<.. The va~ley is bounded on the east by uplurned 

and beveled sedimentary rocks tllat mark the eastern c1ar~;in of the 

Ci;m1rron block. The north and \..Jest sides of the valley are bordered hy 

h i g h IJ e sa s capped by /~ • 8 to 4 • 1 m • y • o 1 d bas a 1 t s t ha t do no t s p i.ll in to 

the depression. It appears that the Ocate Valley be~;an to form after 

the 4 to 5 m.y. period of volcanism. 

(2) Like the flo\vS near \·la3on :1ound, the flo\·JS ea.st and southeast 

of Ocate rest on a beveled bedrock surface. The plan of these flows and 

the surface on \~·hich they lie broadens to the east, toward \·Jason Hound 

(fig. 9). The surface and the overlyine flo\..JS are constrained by Apache 

rtesa and Apache ~1esa (\vest) on the north and by the Turkey t·lountains on 

the south. Reranants of this surface north of Apacl"te :·1esa and adjacent 

. to Ortega :·lesa suggest that several strea::ns coalesced near Hagon Hound 

to form a broad surface over much of this region. This surface rises to 

the \,Test toHard Ocate along a gradient of 10 m/k•n. Profiles drawn along 

Ocate Creek are concave up\Vard; the steepest gradients are north and 

west of Ocate Valley, becoming noticeably flat in and east of the valley 

(fig. 8). The flattest part of the profile is coincident with the 

surface on which the Charette ~lesa volcanic rocks rest and suggest that 

Ocate Creek was graded to this surface prior to 3.0 to 3.1 m.y. 

volcanism. · lienee, this surface may be interpreted to represent a broad 

pediplain developed in part along the ancestral Ocate Creek. 
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(3) The basal ·ba~;alts on Charette nesa at Hagon :·Iound, dated at 3.3 

to 3.1 :n.y., are laterally continuous with Cerro Pelon flov1s that fill 

Ocate Valley. The lateral relations a.re co~:lplicated by yonn:.:;er volcanic 

vents and f:loHs erupted onto the oluer flows. Ho\vever, the absence of 

\vell-preserved flmv norphology in basalts expelled fro:11 Cerro Pelon 

indicates that the.se flows are a::wng the older flo\-Js erupted during this 

period of volcanism. Titus Ocate Valley appears to have been present 

during tlte earlier stages of tl1is period of volcanisr.1. 

(4) Basalts erupted from Cerrito Pelon, located about 5 km east of 

Ocate Valley, are nearly 35 m above Ocate Creek •. These basalts 

interfinger with inter::tediate age floHs erupted fro:n centers in the 

centr~~ part of Charette ?lesa. In the Ocate Valley, basalts from Cerro 

Pelon are 20 r.1 above Ocate Creek and interfinger '"'ith basalts erupted 

from a Si~lall center located on Le Febres Nesa. Basalts on Le Febres 

He sa flm.;ed in to the we stern part of Ocate Valley. 

The gravels belo\v the basalts that cover Charette ·llesa and the flat 

surface on ~1ich they lie probably represent .the ancestral Ocate Creek 

pediplain as it existed prior to about 3 m.y. ago. The approximately 

equivalent. elevation of basalts above the creek, both within the valley 

and 5 km east of the valley, and the fact that these flo\ITS appear to be 

only slightly younger than the oldest flmvs on Charette }lesa, sug3est 

that the Ocate Valley was a si~;nificant physiographic depression when 

this period of volcanism be0an. 
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(5) The Lns Fcveres For.nation, a fine-ernineJ fluvial valley fill 

covers :nuch of the f~oor of Ocate Valley. This deposit indicates a 

. period of deposition that is in general opposite to the pervasive scllec1e 

of erosion and denudation that characterizes the Pliocene-Pleistocene 

history of the front ranges of the southern Rocky :1ountains (Ray and 

Smith, 1941; Smith and P.ay, 1~43; Levlngs, 1951; Scott, 1963 '· 1975) •· 

Infillinp, of the valley :!lust have been produced by blockage of the Ocate 

drainage syster:1. That the Las Feveres Formation is restricted to the 

Ocate Valley (Bach;;Hm, 1953) suggests that this blockage occurred very 

near the present stream outlet to the valley. Hhether tl)is blockar;e \vas 

produced by basalt that dammed the stream systen, or by faulting prior 

to vo.L~anisn, \·Jas not determined. Flo\Vs lacking distinct flo\v 
·. 

morphology and belonging to the third p;riod.of volcanism rest directly 

on the Las Feveres Formation indicating that this valley had formed by 

late Pliocene time. 

A small basalt-capped mesa, located ~. 5 km north of Hag on Hound~ 

lies 20 m belo\oJ the Charette He sa flows and about 15 m above the 

adjacent lowlands. Basalts on this mesa, dated at 2.2 m.y., were 

erupted from a 10\v shield vent directly \vest on Charette Hesa. 
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Gravel covered surfaces si1nilar in their physio~jrap!tic expression 

to the 2.2 1~1.y. old basalt capped ~:1esa are preserved as isolated buttes 

extendin~ from lwyado Creek south\.:,ard toward I!.ivera nesa. These small 

buttes define the lo\vest surface preserved in this area except for those 

strear:1 terraces only preserved adjacent to Ray~Hlo Creek. Cravel coverej 

:)t.Jttes are also preserved soutlteast of El Cerro Colorado in the lar.~;~ 

valley drained by Coyote Creek (fig. 9). These small buttes define tb<::! 

loHest 3ravcl covered pediment surface in this valley, rising so1:1e 40 1:1 

above the valley floor. Their age is not kn.o\m, but their physiographic 

position indicates that they are younzer than the Charette ?·iesa surface. 

Haxon Crater, a large basaltic shield volcano, is located about 

12 'km south of \.-lagon Hound and directly west of I-25.· ·l)asalts expelled 

from this volcano flowed east. ~~xon Crater vent is located near the 

.·~vestern side of the shield and is marked by a large east-trending 

depression more than 1 kJn long. nasal ts ·collected from these floHs 

exposed in the roadcut along I-25 gave a K-Ar date of 1.4 m.y. Basalts 

expelled from :-1axon Crater flm..red 90 km east\vard, through the canyon 

carved by the Hora River, and then a short distance beyond the 

confluence of the Hora and ·Canadian TI.ivers. At the confluence of the 

t\vO rivers the flows lie 100 i:l belO\v the rim of the canyon, and 125 m 

above the present level of the rivers. 

37 

'• I 



. ··' 

The youngest volsnnic rocks are j_n the central part of Charette 

Hesa, E!Outlt of Nc\v ;texico lligh\vay 21. The basalts consist of t\Vo thick, 

very viscous floH systems, each erupted fro:11 one major and at least one 

. 2 minor vent and covering about 16 km • The surfaces of the flo\,75 nre 

very hummocky and scattered \.Jith volcanic bombs and scoriaceous 

material. Nu.nerous pressure rid(;~es and flo\; ra;npart·s are present, 

standin:~ as elliptical knobs 7 to 10 m above the surrounding basalts. 

The cores of these structures sho\J blocky, oxidized basal flo\vS overlain 

by dense, aphanitic, non-vesicular and so:ne\vhat platy basalt. The flo\vS 

that shoH these ft~atures best \vere erupted frt>.n the Cerro del Oro cinder 

cone. The flanks of this cone consist of out\vard dipping cinders, ash, 

bo::1bs ;· volcanic breccia and agglomerate. The original era ter has been 

· partly eroded by a south-draining gully. Basalts floh'Cd southward fro;-:1 

this cone. A specimen collected from basalt interlayered in the cinder 

cone \'laS dated at 0.3 m.y. 
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Summary 

Volcanic floHs older than 5 r~i.y. preserve beneath their cover the 

physiographically hlr,hest gravel-cove~ed surfaces in the Ocate area. 

These floHs range iti. age frot:l B.3 to 5.7 t~1.y. The flows appear to rest 

on a surface or series of nearly equivalent surfaces that slope ~~cntly 

southeast. This surface cuts across diverse rock types and sharp 

Structural breaks, SLL?,gesting that late ~·liocene tit:1C HaS marked 1Jy 

erosion and pediplanation in the absence of tectonic activity. 

The drainage divide in this part of the Sarigre de Cristo l'tountains 

was located cast of the present divide, probably near the Rincon 

Range. Strot:.:; eros~on has occurred along the eastern part of the Sangre 

de Cristo Hountains since late ~'liocene time, cuttin3 canyons as ~~uch as 

600 m deep. 
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About 5.5 m.y. a~o, the crustal stabi_lity that had characte:~rized 

the southern I~ocky :to.\.mtains durin~_; the late ~·1ioccnc ended. Uplift 

caused moderate dissection of the late :··lioccne surface and fori~ed a 

younger, lo\ver surface. This younger surface, cut several tens of 

meters 10\·Jer, wraps around the mesas cappE7d by the older basalts and 

around the Ci:-:Hlrron l~ange and is continuous with the vast, uninternq)ted 

surface of the Park Plateau in the P,aton Basin. This surface truncates 

diverse rock type_s and structures. It is characterized by a southeast-

dipping erosion s\1rface, largely carved by the ancestral Rayado and 

Coyote Creeks. ~·1uch of the upper reaches of this surface \-Jas covered by 

second stage volcanic rocks erupted bet~-Jeen l•.8 and 4.1 t"1.y. ago. 

P.rofiles dra\\rn on this and the older surface are both concave 

. 
upward and doHnHarcl, indicating that they have been \varped. Deflection 

of the surfaces is roughly coincident \.Jith the Cretaceous hogbacks that 

mark the eastern nargin of the Cimarron block. Harping involved nearly 

200 m of uplift of the Cimarron block with respect to the adjacent G~eat 

Plains. The Rayado-Coyote surface is also cut by significant dmm-to-

;.. 
the-\\7est normal faults on the west side of the field. These faults 

extend from the Horeno Valley south to at least the r·1ora Valley; 

displacement is as great ~s 275 ~. 
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After this pcrio<;l of broad uplift an-:~ volcanism, ;:1ajor erosion \-.DS 

confine!d to the southeast side of Sicrr:1 ~iontuosn Hesa, markin··1 tbe 

fon:1ation of Ocate Valley. The ancestral Ocate Creek c.ut this valley to 

about its present confi~;uration, as the present floor of the valley is 

graded to the surface beneath the 3.3 to 3.1 rn.y. old basalts that cap 

Charette Hesa. n.enewed third stnge volcanfs:n occurr·ed on the present 

Charette Hesa, east of Ocate valley on the floodplain of Ocate Creek. 

These basalts apparently dam .. ted tHe drainage and raised the base level 

\.Jhich resulted in the deposition of the alluvial-fluvial T....:1.S Feveras 

Formation in Ocate Valley. 

This volcanism \vas followed by continued uplift; associated 

denudation is marked by the formation of the lo\vest erosion surfaces and 

· overlying gravels in the area, now preserved as isolated gravel-capped 

buttes and locally basalt-capped mesas cut slightly belo'iv the Charette 

Hesa surface. Fourth stage basalts on one of these surfaces present 

near Wagon }~und were dated at 2.2 m.y. 

lly the time of the Haxon Crater eruption, 1.4 1:1.y. ago, the major 

drainages were well established. 

The youngest flows in the field \ve re erupted frorn several St!lall 

vents on Charette ~·lesa, northwest of v]aJon Hound. This youngest 

volcanic episode. is characterized by hu-n:nocky flo\<lS of limited extent 

and sur,noun ted by cinder cones. 
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