T <€0-92% ¢ V

\

WOEVLL £ ME HOER

O

‘Memorandum

To:

From:

Subject:

U.S. GEQOLOGICAL SURVEY ,
Reston, VA 22092

Branch of Plans and Program Management
Publications Division

1

Chief, Office of Scientific Publications

New USGS open-file report

The following report was authorized by Henry Spall

Date 10/3/80

for the Dire;tor

on _ 7/23/80 for release in the open files:

(9530-00953)

TITLE: Late Cenozoic physiographic evolution of the Ocate volcanic' field, -
north-central New Mexico
AUTHOR(S) : J. Michael O'Neill and Harald H. Mehnert
CONTENTS: 48 o, _over-size sheets (i.e.,larger than &; x 11 inches)
Map scale: .
Depositories:

(NC) USGS Library, Room 4A100, 12201 Sunrise Valley Dr., Restom, VA 2209
(Da) USGS Library, 1525 Cole Blvd., at West Colfax Ave., Golden, co

2

. e—— —

___ {Mail address: Stop 914, Box 25046, Federal Center, Deaver, CO §0225)
(M)~ USGS Library, 345 Middlefield Rd., Menlo Park, CA 94025 .° ‘ '

(U)  USGS, Room 8105, Federal Bldg., 125 South State St., Salt Lake City, UT 84138

(T) USGS, Room 1-C-45, 1100 Commerce St., Dallas, TX 75242
USGS, 7th Floor, 505 Marquette N.W. (P.0. Box 26659), Albuquerque, NM 87125

_ Y
1.5, GEOLOGICAL SURVE .
WRD, LIBRAE
X
2.0 B UERQUE, N 187
QRIGINATING QFFICE
EQICE: Name : DTRU, USGS, Stop 902, Denver,_CO Release
riche § AddrassT dats: OCTOBER 1980
Paper $ Area: NEW MEXICO
Telephone: FIS-234-2445 1 QFR No. 80-928




UNITED STATES DEPARTMENT OF INTERIOR

GEOLOGICAL SURVEY

LATE CRENOZOIC PHYSIOGRAPHIC EVOLUTION OF THE OCATE VOLCANIC FIELD,

NORTH-CENTRAL NEW MEXICO

By
J._Michael 0‘Neill
and

Harald H. Mehnert

Open-Fiie Report 80-928
1980

This report is preliminary and has not been
edited or reviewef for conformity with U.S.
Geological Survey standards and nomenclature.

-



Contents

1'\1)8(21’7«’3(:1‘............:.-......._-..‘.-.....

Introrlllctj..()n."...‘.‘....I...b.l'........
Physiographic and geologic settinge.ese

Geomorphic evolution.eseceeeeseescecscas

-

Volcanic rocks older than 5 million years.

Volcanic rocks erupted between & an

A

188

.

*

e e o0

.

s e s

3

5 million years ago.

Volcanic rocks younger than 4.0 million years old .eeieaee

Sllnl!n.flr},..0.0'...0.0:000000000‘...l....l.'.'...“.‘..l.O.Q..“l.

:’\cferen(‘-es Cited.o.anoo.oaoo.oooti.otoo.n.o.-ao-boooo-o..o.ro

30

39

42



Illustrations

Pace
Figure l.--Generalized wap of the Ocate volcanic field and
VIiCInityeeeooeoceoceoeseesecososcsososossnssansnsosnsscs 3
2,—-Block diagram of the Ocate volcanic fieldeeseesecenoss 6
3.--Great Plains Province, northea;terﬁ New'nexico........ 9
&4.==Schematic topographic profile showing physiographic
¢ .
relations in the Ocate volcanic field and the
PAtOn BaSiNecssseeessesseseeosssssosscscacscscscscnsse 10
5.--Distribution of volcanic rocks erupted
Prior €O 5¢5 MeYe AT0ceeseesssososssoscssccsnccscnns 13

6.--Distribution of volcanic rocks erupted .

between 4 and 5 m.y. ago......L..................... 20
7.--Structure contour map drawn in the 4-5 m.y.

old surface in the Ocate volcanic field and

in the Park Plateau.in the Raton Basin...iceveenece. 24
8.--Gtream profiles of Rayado and Ocate Creéks............ 28

9.—-Distribution of volcanic rocks erupted since

400 QIQYo ag,o.a.0000000000oooo'o.ouo.-oaoooooooo.o'oo. 31.

ii



Tables-

Table l.--Late Cenozoic K-Ar ages of basaltic flows of the

()Cate VOlCElniC field.oo-'0.‘oo.oalto...oo-o.c.ot.-o‘ol

iid

Page

11



Abstract

The Ocate volcanic field in northeastern Hew Mexico.lies abreast
the transition bétween'the southern Rocky :buntaihs and the Creat Plains
physiographic provinces. The field consists of numerous basaltic to
dacitic flows of limited extent, ranging ;n age from late Miocene to
Pleistocene. Tle physiographic expression of these flows reflects their
relative age. The oldest flows, 3.3 to 5.7 m.y. old, cap the highest
-mesas. These flows are underlain by stream gravels and appear td rest
on a single surface or'a series of nearly equivalent surfaces cut into
the mountain interior at elevations near 3,000 m. Numerogs accordant
ridge tops, subsummits, and parks described by L. L. Ray and J. TF. Smith
in 1941 and 1943 in the adjacent Taos and Cimarron Ranges are also a£
elevations near 3,000 m and suggest that this surface was widesprcad
'éuring late Miocene time. This surface cuts across major Laramide
strubtures}and the various litholozies of the mountain interior; it
éx;ends eastward onto the Great Plains. The early volcanism was
followed by episodic uplift and erosion now marked by three lower
erosion surfaces. These surfaces are also preserved beneath volcanic
rocks that are 4.8 to 4.1 m.y., 3.3 to 3.1 m.y., and 2.2 m.y. old. Of
the foﬁr erosion surfaces, the two oldest are warped and locally
dispiaced across the older Laramide fault zoéés, indicating that late
Ccﬁgzoic upiift of the region involved differential movenent between the
Rocky Mountains and the Great Plains. Young basalts, having an age of
1.4 mn.y., followed major stream valleys and are now nearly 125 m above

the present stream levels., TFinally, basalts 0.8 n.y. old, were erupted

mainly onto older flows.
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Introduction

Volcanic rocks in the vicinity of Ocate, New ilexico (fig. 1) have

Figure 1l.--NEAR !ERE

’

never been studiedtgn detail. These rocks were first mentioned by
Stevenson (1881) who described the physiography of the area and
designated Ocate tlesa as the lava-capped plateau that exténds southward
from the Cimarron Range. This plateau almosi‘completel& surrounds Ocate
Valley and the village of Ocate. Stevenson also recognized the
continuity between basalt-capped mesas in the squthern part of the
volcanié field with:Ocate Mesa. In keeping with Stevenson’s early
descriptions of the region, with his naming of Ocate lesa, and with the
location of Ocate mbre or less central to the volcanic field, this area
"will be referred to as the Ocate volcanic field.

The Ocate volcénic field extends from the southern part of the
‘Cimarron Range in the southern Sangre de Cristo Mountains, southeastward
to the vicinity of Wazon Mound (fig. 1). Thg field lies westlof
Interstate 25 except at Wagon Mound, is bounded on the north by State
Road 199 and on fhé west by the Moreno and Cuadalupita Vallcys‘

(fig. 2). The.flows extend as far south as the Turkey Mountains but do
not completely surround the domal uplift. Flows vented on the southeast

side of the Turkey Mountains and flowed eastward, following the

drainages of the Mora and Canadian Rivers.

st



Figure l.--%eneralized geologic map of the Ocate volcanic field and

vicinity, New Mexico.
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Darton.(1928) was the first to coupletely outline the distribution
of volcanic rocks in the field. Detailed ‘geologic mapping around Ocate
by Bachman (1953) refincd the areal extent of the ficld. Dlarts of this
area have been mapped and described by Smith and Ray (1943) and Pobinson
and others (1964) at the southern end of the Cinarron Range, by Simas
(1965) south of Rayado, by Schowalter (1969) in the Lucero area, by Ray
anl Smith (1941) and Petersen (1969) in and near the lloreno Valley, ;nd
by Johnson (1974, 1975) in the Rainsville and Ft. Union areas.
Radiometric age data have been obtained by Stormer (1972), Hussey (1971)
and P. W, Lipman (written commun., 1978) and sampling for geocﬁemical
analyses was made.along a highway traverse by Aoki and Kudo (1975). The
physiography of the eastern part of the Sangre de Cristo tlountains haé
been described by Lee (1921), Fenneman €1931), Pay and Smith (1941),

Smith and Pay (1943), and Levings (1951), but none have dealt directly

]
14

with the Ocate area.
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Physiographic and Céologic Setting

Thg volcanic field appears to cross the transition zone betwcen the
southern Rocky Mountains énd the Great Plains physiosraphic provinces.
This boundary, based on structure and topography, is not clearly defined
in northeastern lew llexico. lLower Tertiary strata, gently inclined to
the cast, rise to more than 3,000 m in elcvation on the west side of the
Paton Basin before the hogbacks of Cretaceous strata are reached. Lee
(1921) drew the boundary between the two provinces alohg the Cretaceous
hoghacks, defining the boundary solely on structural grounds, and
described the mountainous Raton Basin as the highest, most severely
dissected part of the Creat Plains province. lee continued this
boundary southward from Colorédo, around the east side of the southeast-

.

trending Cimarron Range and then westward to the southern part of the

Toreno Valley. From the tloreno Valley he extended the boundary due

south toward lLas Vegas along hogbacks held up in part by the Permian

Glorieta Sandstone (figs. 1, 2).

Figure 2.--NEAR IERE




Figure 2.--Dlock dianram of the Ocate volcanic ficld

pgeopraphical features.
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Laraaide structures in this arca susgest instead that this
physiographic boundary extends directly south from the Cimarron Pange .
In the Sanure de Cristo Hountains, Laramide—ame structures consist of a
scries of west—tiltéd, north—trending'bssement blocks bounded on the
east and west by hiéh—angle‘rcverse faults. From Las Vegas northward,
the major frontal fault that bounds the cast side of the uplift trends
north towards the Horeno Valley (fig. 1); however, in the vicinity of La’
Cueva, this zone bifurcates, defininy another gently west-tilted block
on the east., The southeast margin of this block is marked by moderately
upturned Paleozoic and tlesozoic sedimentary rocks. This zone trends
north-northeast, is locally covered by the Ocate volcanic field, and
becomes strongly faulted where it merges with the high—angle faults that
mark the ecastern bo@ndary of the Cimarron Range. Ray and Smith (1941)
sreferred to the northern part of this basement block as the Cimarron
block where it is cbmposed entirely of Precambrian igneous and
metamorphic rocks; it is separated from the southern, less strongly
uplifted part, by a major northwest-trending.high—aﬁgle fault. The
Cimarfon block, defined here as a continuous structural entity, is
crecent shaped, cbn&ex eastward, and widest in the central parﬁ,
pinching out north and south where its frontal faults merge with the
major frontal faults of the Sangre de Cristo tlountains proper. The
Cimarron block is herein interpreted to belong to the Rocky Mountain
physiographic province. The western part of the Ocate volcanic field
lies within the sogthern part of the Cimarron block and the western
margin of the block roushly defines the westernmost extent of the
volcanic field. The volcanic field crosses the eastern margin of the

block and extends onto the Creat Plains.
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Geomorphic Lvolution
' .

The Ocate volcanic field consists of numerous volcanic flows of
limited extent, ranging in age from late Miocene to Pleistocene. The
ficld ranses in elevation from over 3,000 m in the Sangre de Cristo
Mountains to less than 1,800 m on the Great Plains. The physiographic

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

onc minor levels of basalt-capped mesas are present (figs. 3, 4). The

Figures 3 & 4.--NEAR NERE

highest volcanic rocks are oldest and erunted between 8.3 and 5.7 n.y.
o 3 s y

ago (table 1). Thefintermediate level basalts were erupted between 4.8

Table 1.--NEAR UERE

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

pediments in the area., The youngest flows, dated at (.8 m.y. flowed

onto surfaces nmuch as they appear today.



LY

Fiecure 3.--Creat Piains Province, northeastern lew Hexico. View to the
southwest; snow-capped Sanore de Cristo Mountains in background.
Théro are four major physiograph?cvlevels. They are, from highest
to lowest: Apache Hesq (west), Apacle Mesa, Charette Mesa, and the

Las Vegas Plateau.
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Figure 4.~--Schematic toponraphic profile showing the physiographic
relations between various erosion surfaces and their overlying
basaltic rocks in the Ocate volcanic field and the Raton Basin.

Dashed lines connect correlative surfaces.
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Table l.--Late Cenozoic K-Ar ages of basaltic flows of the Ocate

volcanic field, nortlieastern New Mexico.

.
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Table l.--Late Cenozoic ¥=-Ar ages of basaltic flows of the Gcate volcanic field,

northeastern rew ilexico

Location Aze
Field (Long. W., 1,0 #ac*0(10710 #ag40 +2
Locality rno. Lat. K.) (percent) moles/gram (perceant) (a.y.)
Cerro del Oro av~-1 369047, 1059557 1.93, 1.95 0.022 15.1 0.81+0.14
Maxon Crater 6SL-1289 359537, 104%52° 1.15, 1.15 0.023 20.9 1.3730.15%
wagon llound 68L-228 59037, 104%42° 1.31, 1.29 0.041 32.3 2,2040.17%
(lower nesa)
Charctte Hesa 55L-187 369017, 104°42° C0.74, 0.74 0.033 o 21.5 3.07+0.34%
Yhite Peak 0ltV-2uPaA 36°07°, 105°02° 2.08, 2.08 0.098 8.3 3.53%1.20
Cuadalupita Valley 1C2a 36°04°, 105°17° 2.40, 2.38 0.132 18.0 3.83%40.46
Yo 1C2b 1o do 2.36, 2,38 0.155 52.7 4,53%0.18
La liesa (souti end) L2 36937, 105°09° 1.29, 1.32 0.078 47.2 4,1940.25
£l Cerro Zolorado 4C2 35°04°, 105°15° 2.13, 2.10 0.128 48.2 4,12F0.24
Guadaluoita Valley . 2c2 369047, 105°16° 2.64, 2.66 0.165 25.4 4,324,644
Blake Lake 58L-156 36°177, 105°16° 1.98, 1.96 0.127 57.9 4,4750.23
Gonzalitos lesa GV-2 36°08°, 105°11° 1.64, 1.64 0.106 35.9 4,52%0.34
Cerro ontoso Civ-2 369237, "104°%7° 1.17, 1.19 0.079 40.7 4.67+0.32
Cerro Vista 6CV-3 36%¢5°, 105°%26° 1.48, 1.47 0.122 47.3 5,744,364
las ilesas del Conjelon 63L-188 . 36%97, 104°%2° 1.16, 1.13 0.100 55.7 5.94+0.40%
Sierra untuosa GV=6 36%147, 105°0Y” 1.79, 1.80 0.214 46.9 5.3440.50
Constants: ¥40 = 0.581%1071 O/ yr = 4.963%10710/yr K*0/k = 1.167x107%

o

* Ages provided by P. W. Lipaman and il. H. Mehnert'



Volcanic rocks older than 5 million yeavs

Lasalts older than 5 m.y. preserve bgncath their cover the hishest
pravel-covered surfaces in this area. The oldest basalts, dated at 8.3
m.y.; are present on Sierra llontuosa in the northwestern part of the

field (fis. 5).

e

Figure 5.--NEAR TERE

Basalts dated between 5 and 6 m.y. were erupted from widely
separated vents. At Wagon Mound Basal flows at las bksas de} Conjelon
(fiz. 5) have been dated at 5.9 m.y. iligh flows along the west side of
the field (fig. 5) and at the present drainage divide of the Sangre de

Cristo Mountains in the Cerro Vista 7 1/2 Quadrangle have been dated at

5-7 ey

12



Figure 5.--Distribution of volcanic rocks erupted prior to 5.5 m.y.

ago., Areas identified on the diagram are outcrops of these rocks.
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Sierra Montuosa llesa is 5 northwest celongate mesa held up by
basalt, reaching aﬁ.elevation of 3,130 m. The mesa stands above the
slightly lower Ocate Mesa, a 8urfaéc held up by the largely flat lying
Permian Clorieta Saﬁdstonc.

The base of phé flows along the southwest side of the mesa is about
100 m higher than 5ﬁ the northeast side, suggesting that the flows
occupy, in part, a.gentle depression. Well-rounded strean gravels,
cobbles, and boulders are well exposed at the base of tbe flows along
the southwest side of the mesa.

High basalts,.east of Aqua TFria Peak, cap the 3,000 m high La
Crulla Ridge (Figure 5). The pasalts overlie abundant, rounded pebbles
of Precambrian granite, quartz—-feldspar-muscovite gneiss, and
pegmatite. The underlying sedimentary rocks and gravels are not exposed
‘glong the northwest side of the ridge where younger basalt flows have

/coveréd this contact, The base of the basalts is about the same
glevation as those_on the northeast side of Sierra Montuosa lesa. The
-similarity in elevaﬁion of these basalts suggesté that they are roughly
equivalent in age. The source of the basalts on La Grulla lidge is not
known; because thgyllie at a slightly lower elevation than the basalts
of Sierra Montuosa iHesa, they may represent the more distal parts of the

sainc flow system.

14
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Olivine basalts in the Cerro Vista area, dated at 5.7 m.y., consist
of a northeast-trending flow-capped ridge‘about 3 km in length. The
base of the basalts is~inclined to the southwest; ranging in elevation
fromn about 3,017 m at the divide to near 2,395 m at the southwesternmost‘
exposure; maximum elevation of the basalts is 3,060 m. The base of the
basalts is higher southeast of the axial ﬁagt of the exposure,
suggesting that the flows occupy a southwesterly inclined palecovalley.
The basalts were deposited on the Pennsylvanian Sandia Formation, and
locally pebbles and cobbles of well-rounded Precambrian igneous and
metamorphic rocks are present at this contact. These gravels are
separated from the nearest Precambrian outcrops in the Rincon Range to
the east by the Mora River valley (fig. 2). The valley floor is nedrly
600 mmbelow the base of the basalts and.the underlying gravels. The
~crest of the Rincon Range rises nearly S00 m above the valley floor.

Several basalt flows near Palo Flechqdo Pass west of the }Moreno
Valley (Peterson, 1969) are described as thin local flows resting on lag
gravels of the Miocene Carson Conglomeraté (Just, 1937). The flows '
éggregate less than 15 m in thickness. Their geomorphic expression ié

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

Quadrangle to the south,

15



lligh-level olivine basalts at Wagon Mound stand as a series of
east-west trending buttes and mesas that represent hoth volcanic necks
and basalt-capped mesas (fig. 2). Santa Clara !lesa and The Wagon llound
are two highly dissected volcanic necks east of the main sequence of
basalts that cap Las l!csas del Conjelon. These basalts lie on the
Dakota Sandstone, Niobrara and Benton Formations, but are separated from
them by thin gravels composed principally ;f Pfecamgrian cobbles and
pebbles. The base of the basalts is apprbximately 225 m above the
lowlands to the south and about 160 n above‘the younger Charctte Mesa
flows to the northwest. The flows on Las l!esas del Conjelon were
erupted from a series of vents and fissures that are alined with or
parallel to the east-trending line defined by the two dissected vents
that lie to the west of the mesa. These flows probably did not extend
_far beyond their present limits. Thickness of the flows is variable:

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

margins of the mesa.

16



Three mesas eaét andl south of Ocate, capped by basalts older than
about 5 m.y., risc 69 nm above the QidCSpread surface on which the & to
5 m.y. old basalts lie. They are, from north to south, Apachc llesa
(west), Encinosa Tbs; and Black lesa (fig. 5). The source for these
older basalts is nok"known. - All flows are sinuous in plan, trend
northwest, and the surface on which they lie dips gently southeast; At
least one flow, the Apache Mesa (west) flow, is underlaip by a thin
veneer of pravel coaposed ﬁainly of Precambrian pebbles and cobbles.
Althoush these flows are widely separated, they all lie very close to
the eastern margin of the Laramide-age Cimarron block. These basalts
appear to be about ﬁhe sane age, older than the 4 to 5 nm.y. vélcanic
sequence, were derived from individual centers probably located near the
eastern codge of the Cimarron block, and may have been confined to broad,
southehsterly inclined stream valleys.

The nearly equiﬁalent elevations, near 3,000 m, of the highest
Basalts at Sierra Mohtuosa, Lé Grulla, Cerro Vista, and perhaps the Palo
Flechado area (fig. 5), and their underlying gravels, suggest that these
basalts were erupped onto the same surface or a series of surfaces of
nearly the same clevation. This surface extended across major
topographic depressions of today, as indicated by the source of gravels
un%erlying ;hese basalts. The numerous accordant ridge tops, subsummits
and parks (Ray and Smith 1941; Smith and Ray 1943) in the adjacent Taos

and Cimarron Ranges are probably remnants of this widespread surface.

by
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The suyface beneath the basalts on las Mesas del Conjelon appears
to reﬁrcsent the eastward extension of the surface beneath the
physiographically hizhest basalts to- the Qest.- The basalts of Encinosa
Mesa, Black Mesa, and Apache Mesa (west) rest on a surface that is
physiographically equivalent to and apparently approximately coeval with
those sepments to the ecast and west. The surface beneath Las Mesas del
Conjelon rises 9.5 h/km to Apache Mesa (wést), then increases to 32m/km
to the base of the basalts capping Sierra Monturosa Mesa. The change in’
gradient occurs at the eastern margin of the Cimarron block.

This surfacé cuts across diverse rock types and sharp structural
breaks, suggesting that late (fiocene time was marked by major crosion
and pediplanation in the absence of tectonic activity. This surface is
probably coextensive with the widespread late Miocene erosion surface in
the f;;nt ranges of Colorado and Wyoming (Scott, 1963, 1975; Inight,
+1953; Moore, 1959). And this surface probably represents the upland
erosional area which supplied sediment for the Miocene and Pliocene
Ogallala Formation, envisioned to have been deposited during a period of
major crustal stability, characterized by.pediplanation iﬂ the mouﬁt;in
interior, and by thin, sheet-like deposition in the adjacent plains

(Scott, 1975; Frye and Leonard, 1957, 1959).

18



Volcanic rocks erupted between 4 and 5 million years ago
Basalts, andesites and minor dacites of the second aje group are
most abundant in the northwestern part of the volcanic field (fig. 0).

" These rocks cap Urraea, (4.3 m.y. old (Mussey, 1971)) Fowler,

Figure 6.--NEAR NERE

Rayado and Gonzalitos (4.7 m.y. old) lesas located east-southeast of the
Cinarron Range, and are the lowerinost basalts'bf the Ortéga and Rivéra
‘lesas northeast of Ocate. TNocks of this aze group apparently constitute
the majority of the flows in and around the AquakFria Peak area and
interfinger with 4.3 m.y. old volcanic rocks at Black Lake. [Flows
erupted from the anth end of la llesa and from Cerro lbntoso (4.7 a.y.
old) flooded the soﬁthern part of La ilesa (4.2 m.y. old) and parts of Le
Tebres. tlesa. The basalt-capped Callina ifesa, directly north of Ocaté,
is at equivalent eléQations and distance above the present—day streans
and is interpreted to belong to this period of volcanism. Tour to

"5 m.y. old basalts are present in GCuadalupita Valley (4.3 m.y. old), to
the north along Coyote Creek (4.7 m.y. old (Stormer, 1972)) and cap El

Cerro Colorado (4;1 m.y. 0ld).



.

Figure 0.--Distribution of volcanic rocks erupted between 4,0 and

5.0 m.sy. ago. Arcas identified on the diagram are outcrops of

these rocks.

20
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Basalts in the northwestern part of the volcanic field, (fig. 6)
rest on a southeasgerly inclined surface covered by sparse to abundant
gravels coaposcd largely of Precambrian metamorphic and igneoué rocks.
This surface appears to be a compound ‘surface formed in the early
Pliocene by lateral’corrasion of the ancestral Rayado Creek, bu;
surmounted by smali;basalt capped mesas that preserve the late lliocene
surface.

This surface extends from the Moreno Valley eastward onto the GCreat
Plains, and includes Rayado, CGonzalitos and Urraca llesas, which are east
of the frontal faults bounding the Cimarron Range (fig. 6). Smith and
Ray (1943) named the surface defined‘by these three mesas and the
ad jacent Fowler andfOrtega—Rivera Mesas, the Urraca surface. They
tentatively correlated this surface with the erosional surface of the
.Park Plateau, 10 km north of Urraca Mesa. The Park Plateau, which
extenas from Raton,;New Mexico south to the Cimarron Range, is the
highest surfacc beneath the late Miocene Raton lesa surface, capped by
-7.2 n.y. old (Stormer, 1972) basalts. The Urracé surféce is equivalenﬁ

to the Rayado surface of this report, which is the highest surface
preserved beneath.t#e 8.3 m.y. basalts of Sierra Montuosa lesa. Basalts
from Urraca lMesa wefe dated at 4,3 m.y. (Hussey, 1971) and those from
the nearby Gonzalitos Mesa yielded a date of 4.7 m.y. By reason of the
>physiographic simiiérity between the Rayado surface and Sierra llontuosa

: .

surface in the Ocate area, and between the Park Platecau and the Raton
Mesa surface to the north (figs. 2, 4), and the equivalence in elevation
of the Park Plateau and the Urraca Mesa, near the Cimarron Range, the

Park Plateau and the Rayado surface are interprcted to be the samc.
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This surface formed at some time between 5.7 n.y. ago (the age of the
youngest basalts on a surface roughly equivalent to the Sierra ilontuosa

surface) and 4.3 wm.y. ago (the age of the basalts on Urraca ilesa).
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Fisure 7 depicts, in a general way, the carly Plioceunc topozraphy

Figure 7.-—NEALL IERAE .

of this surface. The Park Plateau is marked by a gentle southeast slope
with a concave upward profile, The stecpest gradient is present near
the Sangre de Cristo frontal faults. Southward, this surface contains
areas of variable slope and profiles are botﬁ concave upward and
downward. From the Moreno Vallecy ,on the west to la Grulla Ridge, the
elevation of the Rayado surface decreases from nearly 3,000 m to about
2,850 m. East éf La Grulla Ridge, the surface becomes more steeply
inclined before again assuming a gentie southecast dipping gradient
(figs:‘2, 7). The zone of oversteepened gradient is roughly coincident
with the eastern margzin of the Laramide-age Cimarron block and with
"north—trending linear features obgerved on air photographs that cut
across the basalts. Structure contours on this surface suggest that
streams locally dissected this surface east of La Crulla Ridge before it

was covered by volcanic rocks.
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Figure 7.——Jtructurﬁ contour aap drawn on the 4-5 m.y. old surface in
the Ocate volcanic field and in the Park Plateau in the Raton
Basin. Contoug interval is 200 ?eet. Thousand foot contour lines
are solid; intdrvcning contour linecs are dashed. Contour lines are

approximately . located.
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The overall plannr character of tﬁe layado surface and its
truncation of various lithologies and of major structural =zones, are
indicative of planation formed by tﬁe lateral corrosive action of
streams. The break in slope east of La Grulla Ridge cannot be
considered to have been prescnt when this surface was formed. 1t is
concluded that (1) the oversteepened graﬁient observed on the Rayado
surface represents warping of that surface; (2) warping represents
differential uplift'betwéen the Sanmgre de Cristo Hountéins, to include
the Cimarfon block, and the Great Plains; and (3) the warping may have
occurred prior to volcaniém, as well as after this period of volcanic
activity.

Basalts crupted from the Aqua.Fria Peak arca 1ié on the Rayado

surface, and are continuous with the basalts in the Horeno Valley at

;Black Lake. But the Black Lake flows lie some 100 m below this

surface. The youngest flows, which ﬁave not béen dated, appear to hLave
cascaded over an arcuate west—facing scarp held up by steeply dipbing
Paleozoic sedimentary rocks and that now separates the two levels

(fig. 2). The basalts on both levels appeér to be essentially the same
age; radiometric age data indicate that their lateral -equivalents were

erupted between 4.8 and 4.1 n.y. ago.



The ancestral Rayado Creek was a major drainage system in carly
Pliocene time, and cut a large,_east—southeust trending plain on
predominantly gently folded Clorieta Sandstone and older sanidstone and oo
shale prior to 4.8 m.y. ago. This drainage appears to have been
captured by Coyote Creek that followed the less resistant Laramide
structural zone, parallel to the mountain front (fig. 2). This zone is
marked by high—angle reverse faults and nearly Verti;al sandstone and
shale and is much less resistant to erosion than the gently inclined
Clorieta Sandstone that is presené in the uﬁper reaches of the Rayado
Creek drainage. With capture, pediplanation by the ancestral Rayado
Creek would be afrested. The plain cut by it is perched above the
surface carved by the ancestral Coyote Creek. Erosion along the
ancestral Coyote Creek reduced the westermnmost part of the original

_pediplain several tens of meters before volcanism occurred; flows
belonging to this period of volcanism and dated at 4.7 n.y. (Stormer,
1972) appear to be confined to a shallow valley on the west side of the
volcanic field, and are now present in the northern part of Guadalupita
Valley. The pediplain cut by the ancéstral Coyote Creek apparently
extended over much of La iesa and Le Febres Mesa, and may have ‘extended
over the area now occupied by the Ocate Valley. Smali streams flowiné
east, out of the Rincon Range, were apparently graded to the Coyote
Creek drainage, as indicated by perched, basalt-covered gravels on El
Cerro Colorado. These overlying basalts were dated at 4.1 m.y.
Coplanar‘pcdiments,'not capped by basalts but preserved between El1 Cerro
Colorado and La Mesa, appear to be remmnants of this surface. The
Guadalupita Valley did not exist at this time. Rather, the basalts in
this valley were probably coextensive with the volcanic rocks on La

Mesa.
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Down—-to-the~west qormal faulting wmay have initiated the Coyote
Creek erosion cycle. This is reflecpcd i the lower level of the Black
Lake flows, the basalt cascade over the scarp, and in the sliglitly lower
elevation of the flows on La llesa than flows on Rivera llesa. MNorth-
trending, down-to-the-west normal faults are present directly north of
this arca and mark the east boundary of the Neogene iloreno Valley (Clark
and Read, 1972; Ray and Smith, 1941) and offset some of the Aqua Fria
flows (fig. 1). To the south, the basalts that cap El Cerro Colorado,
and dated at 4.1 n.y., end abruptly at Guadalupita Valley on the west.
275 m below, in the valley and directly west of the basalts, are flows
interpreted té be the down-faulted extension of the El Cerro Colorado
flows. Farther south faults are seen to cut older alluvium on the east
side of the valley (Baltz and 0’'Neill, 1930a, b). Ccophysical data of
Mercer and Lapalla (1970) show an eastward thickening wedge of valley
}ill in the Mora Valley. Additional evidence for structural control of

the valley is given in the comparison of stream profiles from the Ocate

volcanic field (fig. 8). Of those major creeks whose headwaters are

Figure §,--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 ﬁrofile does not converge upstrean with‘
these other étream profiles, nor with the surfaces upon which the Sierra
Montuosa and Rayado basalts lie. Instead, the Coyote Creek profile

diverges from these profiles in an upstream direction. This upstream
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Figure 8.--Comparison of stream profiles of Rayado and Ocate Creeks and
Coyote and Ocate Creeks as.projected‘onto a line located along
their interfluve and alined subparallel to the two drainases. The "
profile of the base of the 4-5 m.y. old volcanic rocks, as
projected onto this line, is shown on both diagrams; the profile of
the base of volcanic rocks older than 5 m.y. is shown on the

Coyote-0Ocate Creek projection only.
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2

soests structural dropping of the Coyote Creck drainape.
The l'ora-Guadalupita Valley appears to be a half graben, bounded on the

ecast by normal faults.
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Volcanic rocks younger than 4.0 million years old

Basalts of this age proup are volumetrically the most abundant
flows, account for the majority of the flows in the Great Plaians
Province, and also cover a large part of the southern Ciﬁarron block.
Some volcanic centers that expelled these flows are alined along the
structural boundary between these two provinces. Age relations among
tlhiese basalts are known largely from superposition and physiographic
.expression; however, five K-Ar agé dates from these fiows indicate that
they range in age from 3.5 to 0.8 nm.y.

Flows that cap Charette ilesa are_physiographically the oldest flows
in this age group and define the hishest surface below the Rayado

surface (fig. 9). Charette Mecsa is a broad flat feature, naned for

~Figure 9.--NEAR HERE

Charetﬁe Lakes. In this report, the name is applied to tﬁe surféce that
'extends westward from Wagon Mound to Cerro Pelon and the Ocate V#lley.
The eastern part of the mesa, capped by multiple basalt flows that
aggregate about 5-10 m in thickness, defines a very flat surface. 1In
the central part of the mesa, small knobs and isolated buttes and_smdll
mesas rise above this surface and the terrain becomes one of slightly
hunnocky relief produced by basalt flows exéelled from local vents. The
youngeét basalts in the Ocate volcanic field are in this part of the

Charette Mesa.
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Figure 9.--Distribution of volcanic rocks erupted since 4.0 m.y. ago.

Arcas identified on diagram are outcrops of these rocks.
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Basalt capped mesa# and buttes dircctly east of Ortega ilesa aad
south of layado liesa are the same clevation as the Charette ilesa flows
and lie 60 n lower than.the 4-5 m,y. old Rayado surface. Flows on
Charette Mesa are also 60 m below the 4-5 m.y. flows that cap Apache
tlesa,

‘The oldest volcanic rocks oﬂ Charette llesa are multiple olivine
basalt flows. The flows are underlain by coarse stream gravéls composed
mainly of Precambtian metasedinentary and igneous rocks and minor basalt
that are locally well cemented by calcium carbonate. These lowvest flows
at ¥Wagon llound havé been dated at 3.3 m.y. by Stormer (1972) and
3.1 m.y. froa samples submitted by P. W.. Lipman (written coamun.,

1928), _Vlestward, these flood basalts are overlain by successively
youuger, less voluminous flows erupted from composite cones that stand
'gs rounded knobs and nounds with 30 to 100 m of relief. These can be
divided into three major groups: an older éeries of vents which may
ﬁave expelled the basalts to the east; an intermediate age group ar0upd
which sqbiued basalt flows can be recognized and mapped; and a very
young series of flows showing well-preserved flow wmorphology and
associated with moderately eroded cinder cones.,

Flanks of the older cones generall& dip between 5 and 10 degrees.
Dikes and small plugs intruded these cones aﬁé resulted in locally steep
coﬁe flanks;' Volcanic b;eccia, scofiaceous material and oxidized
vesicular basalt compose these vent structures; most of these rocks
occur as thin layers that dip gently toward the center of the vent.
Radial dikes are common and some vents appear to have held small lava

lakes in their centers.
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Intermediate age vents arc present south of Apache llesa, on either
side of State lighway 122, and expelled the majority of basalts that
cover the centrai part of Charette lesa. Cooks Peak and Cerrito Pelon
northeast of Ocate @xpelled basalts tﬁaﬁ also flooded the area between
Apache HMesa and Encinosa Mesa. These basalts interfinger vith each
other and hence appear to be contcmporancous.

Basalts on Charette lMesa are underlain by coarse stream gravels
conposed of Precanbrian metasedimentary and igncous rocks, Paleozoic
sedimentary rocks and minor basaltic rocks. These gravels and the flat
surface on which they rest appear to represent a -broad surface formed by
an éast flowing strean that headed in the vicinity of Ocate and
coalesced with streéms flowing south and southeast froa the Cimarron
Range;f These streams reduced the landscape some 60 m below the 4-5 nm.y.
.0ld volcanic flows ghat cap the Rayado surface and before the eruption
of the 3.3-3.1 m.y,-old basal basalts on Charette !fesa.

The basalts within the Ocate Valley were not dated, hence, néither
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 wm.y.
volcanism, but had éssentiaily assuned its present physiogfaphic
expression by the beginning of this period of volcanism, 3.3 to 3.1 m.y.

ago, is indicated by the following evidence.
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(1) Ocate Valley is a large, rouphly elliptical depression that is
drained by Ocate Creek; The valley is bounded on the east by upturned
and beveled sedimentary rocks that mark the castern margin of the
Cimarron block. The north and west sides of the valley are bordered by
high mesas capped by 4.8 to 4.1 m.y. old basalts that do not spill into

the depression. It appears that the Ocate Valley began to fomn after

.

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

(2) Like the flows near Wagon !ound, the flows east and southeast
¢ .

of Ocate rest on a beveled bedrock surface. The plan of these flows and
the surface on which they lie broadens to the east, toward Wagon tound
(fig. 9). The surface and the overlying flows are constrained by Apache
Mlesa and Apache Mesa {west) on the north and by the Turkey !lountains on
the sdhth. Remnants of this surface north of Apache Mesa and adjacent
.to Ortega ilesa suggest that several streams coalesced near Wagon Iound
to form a broad surface over much of this region. This surface rises to
the west toward Ocate along a gradient of 10 m/km. Profiles drawn along
Ocate Creek are concave upward; the steepest gradients are ﬁorth 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 lMesa volcanic rocks rest and suggest that
Ocate Creek was graded to this surface prior to 3.0 to 3.1 m.y.

volcanism, - llence, this surface may be interpreted to represent a broad

pediplain developed in part along the ancestral Ocate Creek.

34



(3) The basal ﬁasalts on Charette llesa at Wagon iound, dated at 3.3
to 3.1 m.y., are laterally continuous with Cerro Pelon flows that fill
Ocate Vailcy. The lateral relations are coaplicated by younger volcanic
vents and flows eruﬁted onto‘the older flows. lowever, the absence of
well-preserved flow morpholopy in basalts expelled from Cerro Pelon
indicates that theéé flows are among the older flows erupted during this
period of volcanism. Thus Ocate Valley appears to have been present
during the ecarlier stages of this period of lecanisa. '

(4) hasalts erﬁpted from Cerrito Pelon, located about 5 km east of
Ocate Vélley, are ﬁearly 35 m above Ocate Creek.. These basalts
interfinger with intermediate age flows erupted from centers in the
central part of Chafette Yesa. In the Ocate Valley, basalts from Cerro
Pelon are 20 m above Ocate Creek and interfinger with basalts erupted
ffrom d small centerllocated on Le Febres Mesd. Basalts on Le Febres
Mesa flowed into thé western part of Ocate Valley.

The gravels beiow the basalts that cover Charette Mesa and the flat
surface on which 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 flows appecar to be
only slightly younger than the oldest flows on Charette Mesa, suggest
thét the Oéate Valley was a significant physiographic depression when

this period of volcanism began.,
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(5) The Las Feveres Formation, a fing-grained fluvial valley [ill
covers much of the floor of (Ocate Vailcy. This deposit indicates a
period of deposition tﬁat is in general opposite>to the pervasive schene
of erosion and denudation that characterizes the Pliocenc-Pleistocene
history of the front ranges of the southern Rocky lountains (Ray and
Smith, 1941; Saith and Ray, 1943; Levings, 1951; Scott, 1963, 1975).
Infilling of the valley must have been produced by blockage of the Ocate
drainage system. That the Las Feveres Formation is restricted to the
Ocate Valley (Bachman, 1953) suggests that this blockage occurred very
near the present stream outlet to the valley. Whether this blockage was
produced by basalt that dammed the stream system, or by faulting prior
to volcanism, was not determined. Flows lacking distinct flow .
moéphology and belonging to the third period.of volcanism rest directly
fﬁn the Las Feveres Formation indicating that this valle& had formed by
late Pliocene time,

A small basalt-capped mesa, located 4.5 km north of Wagon tound ,
lies 20 m below the Charette tlesa flows and about 15 m above the
édjacent lowlands. Basalts on this mesa, dated at 2.2 m;y., vere

erupted from a low shield vent directly west on Charette Mesa.
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Gravel covered surfaces similar in their physiogsrapiiic expression
to the 2.2 m.y. old basalt capped nesa aré prescrved as isolated buttes
cxtending from Rayadé €reck southward toward Rivera Mesa. These small
buttes define the lowest surface preserved in this area cxcept(for those
stream terraces only preserved adjacent to Rayado Creek. Cravel covered
buttes are also preserved southeast of El.Cerro Colorado in the larje
valley drained by Coyote Creek (fig. 9). These small buttes define the
lowest gravel covered pediment surface in this valley, rising some 40 n
above the valley floor. Their age is not known, but their physiograpiic
position indicates that they are younger than the Chareﬁte ilesa surface.

Maxon Cratef, a large basaltic shield volcano, is located about
12 km south of Wagon Mound and directly west of I-25. ‘Basalts expelled
from t;is volcano flowed east. llaxon Crater vent is located near the
western side of the shield and is méfked by a large east-trending
depression more than 1 km long. Basalts collected from these flows
exposed in the réadcut along 1-25 gave a X-Ar date of 1.4 m.y. Basalts
expelled from ngon Crater flowed 90 km eaétward, through the canyon .
carved by cﬁe Hora River, and then a short distance beyond the
confluence of the Mora and -Canadian Rivers. At the confluence éf the

two rivers the flows lie 100 m below the rim of the canyon, and 125 m

above the present level of the rivers.
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The youngest volcanic rocks are in the central part of Charctte
Hesa, south of Mew llexico Highwﬁy 21. The basalts consist of two thick,
very viscous flow systems, eaéh erupted from one major and at lecast one
minor vent and covering about 16 kmz. The surfaces of the flows are
very hummocky and scattered with volcanic bombs and scoriaceous
material. Nunerous pressure ridges and flow raamparts are present,
standing as elliptical knobs 7 to 10 m above the surrounding basalts.
The cores of these structures show blocky, oxidized Bﬁsul flows overlain
by dense, aphanitic, non-vesicular and somewnhat platy basalt. The flows
that show these features best were erqpted fron the Cerro del Oro cinder
cone. The flanks of this cone consist of outward dipping cinders, ash,
bombs ;- volcanic breccia and agwlomerate. The original crater has been
partly eroded by a south-draining gully. Basalts flowed southward fronm

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

cone was dated at 0.3 m.y.
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Summary
Volcanic flows older than 5 w.y. preserve beneath their cover the
physiogfaphically highest gravel—cove?ed surfaces in the Ocate arca.
These flows range iﬁ age from 8.3 to 5.7 m.y. The flows appear to rest
on a surface or series of nearly equivalent surfaces that slope gently
southeast. This sufface cuts across diverse rock types and sharp

(]

stfuctural breaks, suggesting that late !liocene time was marked by
erosion and pediplanation in the absence of &éctonic acéivity.

The drainage divide in this part of the Sangre de Cristo llbuntains
was located cast of the present divide, probably near the Rincon
Range. Strong erosion has occurred along the eastern part of the Sangre

de Cristo ifountains since late Miocene time, cutting canyons as much as

600 u deep.
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About 5.5 m.y. agd, the crustal stability that had characterized
the southern Rocky ilountains during éhe late Miocene ended. Uplift
caused moderate dissecéion of the late *iocene Sﬁrface and formed a
younger, lower surface. This younger surface, cut several tens of
meters lower, wraps around the mesas capped by the older basalts and
arand the Cimarron Range and is continuous with the vast, uninterrupted
surface of the Park Plateau in the Raton Basin. This surface truncates
diverse rock types and structures. It is characterized by a southeast-
dipping erosion surface, largely carved by the ancestral Rayado and
Coyote Creeks., Much of the upper reaches of this surface was covered by
second stage volcanic rocks erupted between 4.8 and 4.1 m.y. ago.

Profiles drawn on this and the older surface are both concave
upward and downward, indicating that thé& have been warped. Deflection

”of the surfaces is roughly coincident with the Cretaceous liogbacks that
mark the eastern margin of the Cimarron block. Warping involved nearly
200 m of uplift of the Cimarron block with respect to the adjacent Creat
Plains. The Rayado-Coyote surface is also cut by significant down-to-
the-west normal faults on the west side of the field. These faults
extend from the Moreno Valley south to at least the iora Valley;

displacement is as great as 275 n.
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After this period of broad uplift and volcanism, major erosion was
confined to the southecast side 6f Sierra liontuosa Mesa, marking the
formation of Ocate Valley. The ancestral Ocate Creck cut this valley to
about its present configuration, as the present floor of the valley is
graded to the surface beneath the 3.3 to 3.1 m.y. old basalts that cap
Charette Mesa. Renewed third stage volcanism occurred on the present
Charctte Mesa, east of Ocate valley on the floodplain of Ocate Creek.
These basalts apparently dammed tHe drainage and raiséd the base level
which resulted in the deposition of the alluvial-fluvial Las Feveras
Fornation in Ocate Valley.

This volcanism was followed by continued uplift; associated
denudation is marked by the formagion of the lowest erosion surfaces and
overlying gravels in the area, now preserved as isolated gravel-capped

:buttes and locally basalt-capped mesas cut slightly below the Charette
Mesa surface. Fourth stage basalts on one of these surfaces present
near Wagon lMound were dated at 2.2 m.y.

By the time of the Maxon Crater eruption, l.4 nm.y. ago, the major
drainages were well established.

The youngest flows in the field were erupted from several small
vents on Charette ilesa, northwest of Wajon llound. This youngest
vo}canic episode is characterized by humnocky flows of limited extent

and surmounted by cinder cones.
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