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ABSTRACT 

An area of about 1, 300 square miles was mapped in parts of 

Rio Arriba, Sandoval, and McKinley Counties, New Mexico. The area 

h in the east-central part of the San Juan Basin, a large structural · 

and drainage basin in the east-central part of the Colorado Plateau 

province. Six relatively distinct physiographic sectors in the area are 

named here: the Penistaja Cuestas; Largo Plains: Tapicitos Plateau; 

Yeguas Mesas; San Pedro Foothills; and Northern Hogback Belt. 

The mapped area lies in the Central basin of the San Juan 

Basin and is bounded on the east by the Nacimiento and French Mesa­

Gallina uplifts wbe re rocks ranging in age from Precambrian to Late 

Cretaceous crop out. Upper Cretaceous rocks crop out along the 

southern and eastern edges of the area, and Tertiary rocks are at the 

surface in most of the area. 

The oldest rocks mapped are those of the Mesaverde group of 

Late Cretaceous age. The Mesaverde group ra:t~s in thickness from 

about l, 700 feet at the southwest to about 630 feet at the northeast, and 

is overlain by the Lewis shale of Late Cretaceous age. The Lewis shale 

is about 1, 900 feet thick in the northeastern part 0f the area, but thins 

abruptly to about SOO feet thick in the southwestern part of the area as 

lower beds arade laterally into sandstone of the Mesaverde group. 

The Lewi• shale is overlain conformably by the Pictured Cliffs 

1 



aandstone of Late Cretaceous age. The Pictured Cliffs, consisting of 

fine- to medium-grained soft sandstone with interbedded thin carbona­

ceous shale, is a a much as Z 3 5 feet thick in the subsurface of the 

southwestern part of the area. It becomes thinner to the northeast and 

is represented by thin beds of soft sandstone and- carbonaceous shale, 

35-45 feet thick, that grade n9rtheastwa_rd into the upper part of the 

Lewis shale. 

The Pictured Cliffs sandstone is overlain by the undivided 

Fruitland formation and Kirtland shale of Late Cretaceous age. These 

rocks are about 450 feet thick in the subsurface of the western part of 

the area, but the thickness ranges from less than 100 feet to almost 300 

feet at outcrops along the eastern side of the area. Part of the variation 

is the result of angular and erosional unconformity with overlying rocks, 

but part is the result also of local unconformities within the Fruitland 

and Kirtland. The sequence consists of three lithologic units. Unit A 

is shale and fine- to coarse-grained sandstone deposited in a marine and 

brackish-water environment. Fossiliferous marine sandstone in unit A 

thickens northward in the subsurface and at the surface. Unit B consists 

of fine- to coarse-grained sandstone and interbedded shale r~sting with 

local unconformity on unit A. The sandstone beds in unit B become 

finer grained weatward and grade into shale. Unit C, conaisting of 

coarae-grained aandatone and interbedded shale, rests with local 

liDC:ODformity on unit B and ia preaent at places in the southeastern and 



southern parte of the area. The eandatone bed• of unit C thin north­

eastward and grade into siltstone interbedded in shale. The undivided 

Fruitland formation and Kirtland ahale were deposited in and on the 

margine of an embayment of the Cretaceous sea which probably became 

landlocked, or nearly eo, because of the rise of highlands north and 

eaat of the preaent San Juan Basin. 

The undivided Fruitland formation and Kirtland _ehale are over­

lain unconformably by the Ojo Alamo sandetone of Tertiary(?) age. In 

the southern part of the area, the Ojo Alamo range• in thickneee from 

60 to 100 feet but ia almoet ZOO feet thick in the northern part. The Ojo 

Alamo contain• a few be de of ehale but coneiete mainly of fine -grained 

to very coarse grained, arkosic aandstone containing lenses of pebbles 

and amall cobble• near the base. The Ojo Alamo was deposited by 

stream• draining into the San Juan Baein from several eidee. The 

principal source areas probably were the region now parts of the San 

Juan Mountain• and the Brazos uplift. The Ojo Alamo sandetone, ae 

mapped, eeema to correlate with only the upper part of the Ojo Alamo 

of the type locality, and reate with eroeional and slightly angular 

unconformity on older rocka. A microflora in the Ojo Alamo in the 

preeent area •ua1e~t• Tertiary age. 

The Ojo Al~ aandatone il overlain conformably by the 

Naci.miento formation of Paleocene age. The Nacimiento formation 
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ia 800 to 850 feet thick in the southern part of the area and is as much 

as l, 750 feet thick in the subsurface of the northern part. At outcrops 

alona the eastern edge of the area, the thickness is varied from less than 

500 feet to almo•t 1, 400 feet because of folding and erosion prior to 

depo•ition of overlying rocks. In the southern part of the area the 

Nacimiento consists mainly of clay shale with some interbedded soft 

•andstone and a few resistant sandstone beds. To thf': north the 

Nacimiento contains a greater proportion (locally more than SO percent) 

of 8and8tone. The northern facies is part of a huge fan of volcanic 

and orogenic debris eroded from highlands on the north and northeast 

and spread to the southwest into the San Juan Basin. The southern 

facies is composed partly of finer grained material deposited at the 

distal edges of the fan, but consists also of reworkf':d Cretaceous sedi­

ments eroded from uplifted areas south and west of the basin. In the 

southern. part of the area, the Nacimiento formation is of early and 

middle Paleocene age, but farther north rocks of late Paleocene ag~ 

probably are present also. 

The Nacimiento formation is ov:_erlain with erosional and 

angular unconformity by th~ San Jose formation of Eocene age. Th~ 

San Jo•e is th« •urface formation in most of the region, and its 

p:re•erv~d part• l'ange in thiclme•s from about lOO to 1, 430 feet in 

Q:e •outh•m part of the area to as much as 1, 700-1, 800 feet in the 



northern part. Four mappable lithologic units of the San Jose are here 

named: the Cuba Mesa member; Regina member; Llaves member; and 

Tapicitos member. The Cuba Mesa member at the base of the forma­

tion consists mainly of conglomeratic arkosic sandstone 220-350 feet 

thick at most places, but is 782 feet thick at the type locality. North, 

south, and west of the type locality the upper part of the Cuba Mesa 

member tongues out into the Regina member. The Regina member, 

resting on the Cuba Mesa membe-r, consists of variegated shale, sa:rody 

shale, and some sandstone. The member ranges b. thickr:ess from about 

600 feet in the southeastern part of the area to about 1, 640 feet in the 

east-central part of the area, and about 57 5 feet at the type locality in 

the northeastern part of the area. The variations ir. thickness are attri­

butable in part to intertonguing relations between the Regina member and 

the Cuba Mesa and Llaves members, and in part to i~tra-member thick­

ening. In the northeastern part of the are-a, most of the San Jose forma­

tion is composed of thick beds of conglomeratic arkosic sandstone of the 

Lla·1es member which is about 1, 300 feet thick in its type area. The 

lower part o.f the Llaves member grades out southwanLinto the Regina 

member, but a persistent medial sandstone unit of the Llaves rests 

on the Regina in much of th~ north-central part of the area. The upper 

part of the Llaves member, above th~ persistent medial sandstone, 

wedges out southw.,•tward and westward into the Tapicitos member which 
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lower altitudes are of Quaternary age and cap terraces and occur in the 

valleys of some of the present streams. Recent alluvium occura in ~11 

the larger valleys of the area. 

The northwest-trending axie of the San Juan Baein extend• 

diagona-lly across the north-central part of the area. Rock• in the 

•outhwe•tern and western parts of the area. dip ~ently northeastward 

toward the axis. In the southeastern part of the area there is a aeries 

-

of northwesterly-plunging asymmetrical anticlinal nose• which were 

formed during several stages of folding in Cretaceous and early Tertiary 

time. The southeastern parts of the noses have been rotated and tilted 

westward in the belt of sharp folding and local ov~rturning along a 

synclinal bend west of the Nacimiento fault at the western side of the 

Nacimiento uplift. Surface stratigraphic information and well data 

indicate the presence of similar subsurface folds farther north on the 

eastern side of the area. North of the Nacimiento uplift, the rocks of 

the eastern part of the area dip steeply westward on a curved, west-

facing monocline which forma the western flank of the French Mesa-Gallina 

uplift. There are a few small faults in the area, but the displacements on 

most of them are ZOO feet or less. 

The stratigraphy and structure of the rna pped area provide evidence 

concerning the nature of Laramide deformation of the eastern and north-

eastern parts of the San -Juan Basin and adjacent uplifts. The Nacimiento 

and Gallina faults on the- eastern margin of the basin are probably 
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high-angle reverse faults. Right shift along these faults indicates that 

the basin was downbuckled and shortened relative to the Nacimiento and 

French Mesa-Gallina uplifts because of a deep-seated northeasterly 
/ 

oriented Laramide compressional force. The San Pedro Mountain fault 

near the northern end of the Nacimiento uplift was produced by local 

horizontal temi.on near the junction of the northerly trending Nacimiento 

fault and the northeasterly trending Gallina fault. 

The northwesterly trending Archuleta anticlinorium along the 

northeastern margin of the San Juan Baain probably originated as an 

intrabasinal arch in a large Late Cretace-ous structural and sedimentary 

basin. Analysis of the Horse Lake and Willow Creek anticlines suggests 

that the southeastern part of the anticlinorium originated as a broad 

elongate dome that was upwarped and de-formed into an anticlinorium by 

the northeasterly oriented Laramide- compressional force. The Naci-

miento and Gallina faults a.r:d the southeastern margin of the anticlinorium 

mark a regional str-uctural discontinuity alor:g whi ch crustal blocks with 

differing orientation• and competence yielded differP.ntly to the regional 

compressional force. 
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INTRODUCTION 

Purpose and Scope 

The San Juan ~asin, a large intermontane structural oasin in 

the eastern part of the Colorado Plateau physiographic provin~e, has a 

thick sequence of Cretaceous and early Tertiary rocks which crop out 

in a large region of northwtstern New Mexico and southwestern Colorado. 

The Cretaceous rocks have been studied in cor:siderable detail in many 

parts of the basi11; because these rocks contain large deposits of coal, 

oil, and natural gas. The Tertia!"y rocks contain classic vertebrate 

faunas of Paleocene and early Eocene age, but because these rocks do not 

contain economically important deposits of hydro carbons and minerals 

they have been of little interest to most geologists. H owever, the 

stratigraphic relations and facies distribution of latest Cretaceous and 

early Tertiary rocks reflect not only the Laramide structural and 

depositional history o f the San Juan Basin, but also the Laramide 

structural history of uplifts bounding the basin. 

The present study of ap a "!:"ea of approximately l, 300 square miles 

in the east-central part of tht: S a n Juan Basin was done by the writer ae 

part of a ground-water investigat ion of the scuthern part of the Jicarilla 

Apache Indian Reservation by the U.S . Geological Survey. It was 

determined tha..t Tocka oldcH than late l'it Cretaceous age are buried t<>o 

deeply to be <:Ohaider~d as P-Qasible sources of ground water. However. 
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latest Cretaceous and early Tertiary rocks consist of several strati­

graphic unite which contain potential aquifers. Accordingly, the area 

of study was planned to include not only the southern part of the 

reeervation, but also the region south and east of the reservation where 

potential aquifers crop out. The results of the ground-water investigations 

are the subject of another report. The present report presents only the 

geologic data and geological conclusions drawn therefrom. 

The study of the eastern side of the San Juan Basin was augmented 

by detailed work in other parts of the basin, and by reconnaissance 

examination of rocks in the region surrounding the basin. The detailed 

and reconnaissance examinations outside the present area were made 

by the writer during the course of other work for the U. S. Geological 

Survey during parts of the period 19 51 -1960. 

Location and Extent of Area 

The area investigated for the present report (Figs. 1 and 2.) 

includes approximately 1, 300 !quare miles in parts of Rio Arriba, 

Sandoval, .utd McKinley Counties, northwestern New Mexico. The east­

ern boundary is the foothill• and lower slopes of Sierra Nacimiento and 

San Pedro Mountain in Sandoval County, and the west edge of the irregu­

lar belt of lower mountains and mesas north of San Pedro Mountain in 

Rio Arriba County. The northern, we tern, and southern boundaries 

were choeen arbitrarily as the township linea which include all the 

10 
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Dane (1946) also published a chart and description of the strati­

graphy of latest Cretaceous and Tertiary rocks of the eastern side of 

the San Juan Basin. This included a description of the rocks in parts 

Qf a narrow belt in the eastern part of the area of the present report. 

Wood and.Northrop (1946) mapped the Nacimiento ¥ountains (Sierra 

Nacimiento) and San Pedro Mountain, and the foothills to the west which 

were previously mapped by Renick (1931). The Dulce-Chama area 

mapped by Dane (1948) includes, at its southern end, the northeaster­

most two townships (T. Z6 N., R. 1 E., and R. 1 W.) of the area of the 

present report. A narrow strip on: the eastern edge of the present area 

from the northern part ofT. ZZ N., R. 1 W. to the northeast corner of 

the area was mapped as parts of three master's theses of the University 

of New Mexico by Hutson (1958}, Fitter (1958), ar..d Lookingbill (1953). 

Tbe southern part of thfl! Jicarilla Apache Indian Reservation and 

much of the area to the east have not been mapped previously, and litho­

logic units of less than formational rank in Tertia~y rocks have not been 

mapped previously in tH.s :regior. .. 

P::esent Work 

Field work for the present report was done from .May to October, 

1959, and in May, 1960. Subsequent field work was done during brief 

pe:rioda itl 1960 and the early part of 1961. The writer was assisted by 

S. R. Ash durin& the mapping and measuring of stratigraphic sections 
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in 1959 and in May, 1960, and this assistance is gratefully acknowledged. 

e geology of the eastern one-third of the area was mapped in consider­

able detail in order to determine stratigraphic relations of the rock units. 

The relatione dete~mined provided the baais for differentiation of rock 

units in the larger part of the area to the west, and this part of the area 

was mapped rapidly because of the relatively simple stratigraphy, good 

exposures, and ease of access of many roads constructed for oil and 

gas exploration. All geologic mapping was done aerial photographs. 

A planimetric base map was compiled by the writer at the scale 

of 1:63,360 (1 inch equals 1 mile). The eastern part of the base map 

was compiled from parts of the La Ventana, Cuba, Llaves, and Horse 

Lake 15-rninute quadrangle topographic maps of the U. S. Geological 

rvey. The part of the map west of longitude 107°00 1 was compiled 

from the 30-minute quadrangle planimetric maps of the New Mexico State 

Highway Commission F-lanning Survey. Geology mapped in the field on 

aerial photographs was plotted on the available topographic maps, and 

then t:ran iferred to the planimetric base. For the part of the area for 

which topographic maps were not available, the geology was transft=.rred 

directly frcun the aerial photographs to the planimetric base by means 

of the Set> ~n O'irerhead projector (Geologic map, Fig. 2) . 

./4. .t.udy of the subsurface geology of the area was done by means 

of elect .. tc loa• of wells drilled for oil and gas, and surface stratigraphic 
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sections mea.sured in the field. Correlated surface stratigraphic sec­

ions are shown on Figure 3. A structure contour map (Fig. 4) and 

stratigraphic correlation diagrams (Figs. 5, 6, and 7) v:ere- prepared 

to illustrate the subsurface geology. 

Physiography 

Drainage 

Most of the western two-thirds of the area investigated is drained 

by intermittent streams which flow westward and are t:::-ibutary to Canyon 

Largo. The intermittent stream in Canyon Largo flows to the northwest 

out of the area, and discharges into the San Juan River. The Conti:1ental 

Divide trends generally north and south across tht' northeastern p::t:::-t of 

the area but is very sinuous in places . Near Regina the divide bends 

toward the southwest. In the southern part of the a!'ea the divide is an 

east-west line of hills and mesas, but ir., the southwestern part of the 

ar~a. it is alined in a north-south ci r~ction. 

The region ea3t of the Continental Divide is in the Rio Grande 

watershed. Intermittent streams east of the divide in Rio Arriba County 

drain into the Rio Gallina which flows inte rmitte:':'_tly to the northeast 

from San Pedro Mountain. Outside the area, the Rio Gallina flows into 

the Rio Chama, a major tributary of the Rio Grande. The extreme 

no-r-theAatern part: of the area is drained by Archuleta Arroyo which 

drain~ into the Rio Chama . 

15 



The weatern side of San Pedro Mountain in Sandoval County is 

drained by streams flowing intermittently westward to San Jose Creek. 

La Jara Creek and IUto de los Pinos both are perennial streams in their 

upper couraes, but become intermittent before reaching San Jose 

Creek. San Joae Creek, which is int~rmittent for most of ita length, 

extends aouthward between San Pedro .Mountain and the Continental Divide 

to the vicinity of Cuba where it joins the Rio Puerco. 

The Rio Puerco flows southward and is the master stream for 

drainage of the aouthern part of the area. Encino Wash and Arroyo San 

Ysidro drain southward and, outside the area, join Torreon Arroyo, a 

southeastward-flowing intermittent tributary of the Rio Puerco. Several 

small weatward-flowing atreams such as Rito Leche, Nacimiento Creek, 

and Senorita Creek (in Senorita Canyon) have perennial streams of water 

in their upper couraea on Sierra Nacimiento, but their flow becomes 

intermittent before reachin1 the Rio Pue reo. In thia reiion even the 

Puerco flowt perennially only in ita upper courte north of Cuba. The 

lUo Puerco joina the llio Orande almoat 120 mile• touth of Cuba. 

Lancl J'ornu 

Oenel"&l Ditcu11ion 

Nearly all the San Ju&G Batin lie• within the Navajo aection of 

th Cclor•do Plateau. phyaioaraphic province (Fenneman and Johnton, 

&ion of youna plateau• with moderate to atrong relief. 
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The predominant feature of erosion is the stripping of nearly horizontal 

sedimentary beds to leave outlying mesas and buttes. Locally the major 

treazns have incised themeelvea into soft Cretaceous and Tertiary rocks 

and formed fairly deep. steep-walled canyons. The resulting land forms are 

de~ndent directly on the geologic structure and the lithologic character 

of Cretaceous and Tertiary rocks. These rocks consist of units of thick 

shale and interbedded thick to thin sandstone. 

The •andatone unit• are more resistant to erosion than the shale 

units, and where the strata are nearly. horizontal, sandstone forms mesas 

and broad benches. The easily-eroded shale units form valleys and 

steep •lopes between the sandstone units. Some of the thick shale units 

contain numerous beds of lenticular, thin, soft sandstone and sandy shale 

which are only slightly more resistant to erosion than the enclosing shale 

eds. In places the differential erosion of rocks of this type has given 

rise to intricately dissected badlands. 

Where the •trata are tilted steeply and eroded deeply, the resis­

tant •andstone unita form "hogback" ridges between broad valleys cut 

in the intervenins shale and gives rise to belts of nearly parallel ridges 

and valleys. 

The granite which forms much of San Pedro Mountain and Sierra 

Nacimiento on the eastern edge of the area is more resistant to erosion 

than the •edimentary rock• preserved in the San Juan Basin. The steep­

ly tilted ~d.imentary rocka preserved on the western side of the 

mountainous region muat have been mainly continuous across that region 
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before uplifting and erosion occurred. San Pedro Mountain and the Sierra 

Nacimiento are con side red to be an extension of the Southern Rocky 

Mountains (Fenneman and Johnson, 1946); thu• their western edge ma.rks 

the eastern boundary of the Colorado Plateau phyaioaraphic province in 

this region. North of San Pedro Mountain the high mesas and plateaus 

lying east of the area of the present report are con:aidered to be part of the 

Colorado Plateau. The eastern boundary of the phyaiographic province in 

this latitude is the Brazos Mountains which lie nearly 40 miles northeast 

of the area of this report. 

There are six relatively distinct physiographic sectors in the 

mapped area. These are here named: Penistaja Cueatas; Largo Plains; 

Tapicitos Plateau; Yeguas Mesas; San Pedro Foothills; and Northern 

Hogback Belt (Fig. 8). 

Penistaja Cuestas 

The land surface of the southern part of the area is characterized 

by several major, sloping topographic benches which extend from east 

to west across the area in broad curved bands interrupted only by the 

narrow valleys of southward-draining arroyo a. This sector is here named 

the Penistaja Cuestas. E~ch of the major sloping topographic benches 

or cue sta~J is-held up by a thick unit of sandstone, and has a steep escarp­

ment for its southern margin. Because the cueat~a are incised deeply 

by canyons- at places, their southern edges are sinuous, but in general 

the eros1onal escarpments face to the south, southwest-, or southeast. 
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Soft, shaly rocks overlying the sandstone units have been stripped back 

to the north, in places for several miles, so. that the tops of the cuestas 

are essentially dip-slopes cut on the upper surface of each sandstone unit. 

The slope of the /cuestas is to the north, or a component of that direction, 

and reflects the regional structural dip of the rocks. 

Each topographic bench or cuesta is separated from the next 

bench to the north by an intervening band of valleys and low rounded hills 

cut in units composed mainly of shale. Thin resistant beds in the shale 

units hold up hills and minor benches. Near the northern edge of each 

belt of valleys and low hills the land surface rises abruptly and culmin-

ates in the steep erosional escarpment forming the southern edge of 

the next sandstone-capped cuesta succeeding to the north. Streams 

crossing the shale units have broad alluviated valleys, but where the 

streams cross the bench-forming sandstone units they have narrow valleys, 

Ol" they are in deep canyons. The drainage of the sector is to the south. 

The southern boundary of the Penistaja Cuestas sector lies south 

-:;{the area of this report and the sector is continuous west of the area. 

The northern boundary is defined as the Continental Divide from Regina 

southweatward to the northwestern part ofT. Zl N., R. 4 W. From there 

the boundary extends northwestward to the upper part of Venado Canyon 

i" r .. ')2 N. ~ R. 5 W. This boundary includes within the Penistaja 

C'letta• the are.'l of moderately strong topographic relief and tilted rocks 
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which are near the southern edge of the Central basin structural segment 

of the San Juan Basin (Kelley, 1950). Along most of the northern boundary 

of the Penistaja Cuestas the land surface slopes steeply northward from a 

series of rugged mesas and cuestas to a region of nearly horizontal rocks 

and low topographic relief which is the Largo Plains. At the east the 

Penistaja Cuestas .merge with the San Pedro Foothills. and with the 

steeply-tilted rocks at the foot of Sierra Nacimiento. 

Altitudes of the Penistaja Cuestas sector become higher from 

south to north. The altitude of the southermost cuestas ranges from 

a little less than 6, 600 feet in the extreme southwestern corner of the 

area, to a little more than 7, 300 feet in the southeastern corner. The 

highest altitudes are along the Continental Divide, and range from 7, 450 

feet in the southwestern part ofT. 22 N .• R. 5 W., to about 7. 700 feet 

in the southwestern part ofT. 22 N .• R. 2 W. 

Largo Plains 

Canyon L&rg.;) in the western part of the area is bordered on the 

northeast and on the southwest by broad plains which slope gently toward 

the intermittent stream. These plains, here named the Largo Plains, 

have beell dissected mildly by the intermittent streams tributary to 

Canyon Largo so that th~ region is one of broad low mesas separated by 

intervening swales and shallow valleys. In the west-central part of the 

area Canyon Largo is at1 entrenched stream flowing in a steep-walled 
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canyon whose b~ttom is almost ZOO feet below the plfl.ins. Similarly, 

in the northwestern part of the area the lower courses of Tapicitos Creek 

and smaller trib~taries of 'Canyon Largo are steep-walled canyons 

incised deeply in the plains. 

The plains bordering Canyon Largo were formerly part of a 

broad valley which trended northwestward and was graded to the San 

Juan Rh,er at a time when that river had not carved the deep canyon 

through which it now flows. The ancient valley of the Largo was as 

much as 10 miles wide in places, and had a gradient of about 7 feet per 

mile to the northwest in the Jicarilla Apache Indian Reservation. 

Altitudes along Canyon Largo range from about 6, 600 feet near 

Otero Ranch to more than 7, 000 feet in the southwestern part ofT. 22 

N., R. 3 W. Southwest of Canyon Largo the plains rise gently to alti­

tudes of about 7, 000 feet. Above the southwestern edge of the old valley 

rise the high cuestas and mesas of the Penistaja sector. Northeast of 

Canyon Largo the plains slope gently up to altitudes of 6, 800 to 7, 000 

feet. At the northeastern edge of the old valley the intricately dissected 

mesas of the Tapicitos Plateau rise abruptly . 

Tapicitos Plateau 

Most of the northern and central part of the area is a high plateau 

which has been di•sected· greatly by the westward-flowing intermittent 

atreama tributary to Canyon Larao. This dissection has caused the 

remnant• of the plateau to stand as broad,irregular, sandstone-capped 
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mesa• extending westward from_the Continental Divide to the Largo Plains. 
----

The plateau is triangular, becoming narrower to the south until it merges, 

. -
around the eastern end of the Largo Plains, with the Penistaja Cuestas 

sector along th_e Continental Divide in T. 22 N., R. 2 W., and R. 3 W. 

The dissected plateau is here called the Tapicitos Plateau for Tapicitos 

Creek which heads in the eastern part of the upland. 

The western boundary of the plateau is the sinuous, steep, irre-

gular, erosional escarpment overlooking the Largo Plains. The eastern 

edge may be defined conveniently ·as the Continental Divide northward 

from the northeastern part ofT. 21 N., R. 4 W. In a sense, the high 

meaas and cuestas along the divide west ofT. 21 N .• R. 4 W. are eros-

ional remnants of the Tapicitos Plateau, but they are more conveniently 

grouped with the Penistaja Cuestas sector. The Tapicitos Plateau extends 

far to the north of the present area of investigation. 

Altitudes on the Tapicitos Plateau range from about 6, 800 feet on 

the lower dopes, to a little more than 7, 600 feet at the tops of the high-

est mesas. Throughout the area there are numerous mesas whose tops 

are at altitudes between 7, 400 and 7, 500 feet. This seems to indicate 

that a wide -spread erosional surface of relatively low relief character-

ized the plateau before the canyon-cutting erosional cycle durin& which 

the platea'.l wa& dissected and the Largo Plains were formed. 

Yeguaa Mesas 

Near the northeastern corner of the area numerous high mesas 
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rise about 500 feet above the general level of the Tapicitoe Plateau. 

The mesas are long and narrow, and are eeparated by deep, eteep· 

walled canyons cut in thick sandstone beds by the intermittent stream• 

of Canyoncito de las Yeguas and its tributaries. Topographic relief 

from tops of mesas to bottoms of adjacent canyon• ie as much as 1, 000 

feet in about one -half mile at some place •. This area of high me sa a 

and deep canyons is here named the Yeauas Weeae eector. 

Altitudes in Cat;lyoncito de las Yeguas range from &boUt 7, 000 

feet in the eastern part, to a little more than 7, 500 feet in the weet. 

The highest mesas are along the eastern side of the sector where alti­

tudes are as much as 8, 500 feet. The altitude of the tops of the highest 

western mesas along the Continental Divide is nearly 8, 000 feet. 

The tops of many of the Yeguas mesas appear to be remnants of 

a high-level erosion surface which sloped westward. This surface may 

have been widespread forme ily, inasmuch as extensive areas having 

similar altitudes occur in the region east of the area of this report, and 

isolated meaas whose top• are at altitudes of 7, 700-8, 000 feet occur 

along the Continental Divide on the Tapicitos Plateau in the eastern part 

o~ the area. A few holated butte a and small me aas riains above the 

Tapicitoa Plateau may be eroaional remnant• of the higher Yeguaa Weaae 

aurface which was mainly deatroyed by the erosional cycle that produced 

the lower Tapicitoa Plateau aurface. 
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San Pedro Foothills 

The foothills of San Pedro Mountain from the upper Q.raj tlage !;)i 

San Jose Creek to the upper drainage of the Rio Puerco are character­

ized by westward-sloping terraces which extend from San Pedro MQuntain 

to San Jose Creek. The terraces are separated by westward-trending 

valleys which are mainly broad and shallow at the west, but are narrow 

and deep at the east. This area is here called the San Pedro Foothills 

sector. Deposits of gravel composed mainly of granite derived from 

San Pedro Mountain cap terraces at several ditferent levels, and occur 

also in the upper valleys of the major strecuns. In deep canyons cut 

below the levels of the terraces near the foot of San Pedro .Mountain, 

Cretaceous and Tertiary sedimentary rocks are exposed standing nearly 

vertical. These rocks are bevelled by the westward-sloping terraces, 

and their structure and lithology have only minor influence on the land 

forms. 

Altitudes at the western side of the foothills belt range from a 

little more than 7, 000 feet in the valley of San Jose Creek south of La 

Jara, to almost 7, 600 feet at the head of the valley north of Regina. 

Altitudes at the top of some of the terrace-gravel deposits at the foot of 

San Pedro Mountain are a little more than 8, 400 feet. 

Bryan and McCann (1936) briefly examined the San Pedro Foot­

hills region as part of a study of the physiography of the upper Rio Puerco, 

and postulated that the terraces are remnants of two pedirnents which were 
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cut to the grade• of two older and higher temporary erosional levels of 

San Joae Creek and the Rio Puerco. The higher and older of these 

poatulated pediments was called the La Jara pediment (Bryah and McCann, 

1936, p. 160-164).· According to Bryan and McCann the La Jara pediment 

extended as a aloping surface from the foot of San Pedro Mountain to San 

Jose Creek, and was supposed to have been overlain by an almost con-

tinuous veneer of gravel. The postulated lower and younger erosion 

surface, called the Rito Leche pediment (idem, p. 164), was said to have 

been a broad surface between the Nacimiento Mountains and the Rio 

Puerco south of Cuba. In the San Pedro Foothills, the Rito Leche pedi-

ment was said to be represented by the low terraces or benches along 

the edges of the San Jose Creek and its tributaries. These terraces are 

higher than the floor of the present valley, but are lower than the postu-

lated La Jara pediment. 

A more detailed study of the area by the present writer indicates 

that the physiographic history of the San Pedro Foothills sec tor is more 

complex than envisioned by Bryan and McCann, and that the concept of 

the La Jara pediment is incorrect. The gravel deposits are not as 

e .ld:ensive as indicated by Bryan and McCam (see Fig. 2), and they are 

on several distinctly different, westward-sloping surfaces, rather than 

hotiug on one geoeral surface as required by the concept of the La Jara 
\ 

'the hiaheat gravels (QTg on Fig. 2) are on remnants of what 
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may have been a pediment surface. This surface slopes a.way from San 

Pedro Mountain at altitudes ranging from about 8, 000 - 8, 400 feet and 

may be equivalent to the highest erosional s~rface in the Yeguas Mesas. 

Other mesas whose tops are at altitudes of 7, 700-8, 000 feet occur at 

places along the Continental Divide west of San Pedro Mountain, and the 

tops of these mesas also may be remnants of the erosional surface capp-ed 

by the highest gravel deposits on the flanks of San Pedro Mountain. 

Most of the lower-level gravel deposits are much longer than 

they are wide, and they extend westward from deep canyons cut in Pre­

cambrian rocks on the west side of San Pedro Mountain. At places the 

gravel deposits are thickest in their central parts and thinner at their 

edges. From these observations it seems probable that most of the 

lower-level gravel was deposited in stream channels cut in soft Cretaceous 

and Tertiary rocks during earlier stages of erosion of the foothills belt. 

During later stages of erosion the gravels protected the immediately 

underlying soft rocks from erosion; thus the former stream channels are 

now gravel-capped terraces. The old interstream areas, held up by 

soft rocks not protected by gravel, were more susceptible to erosion 

and were worn away, perhaps by lateral migration of the streams to the 

edges of their gravelly channels where they were abl,e to cut into the 

soft Tertiary rocks to form the present valleys. Comparison of gra­

dients and altitudes of some of the gravel-capped t~rraces indicates 

that the streams which deposited the gravel were captured only recently 

26 



by San Jose Creek. Prior to this some of the streams probably drained 

westward, and the Continental Divide was at the crest of Sierra Naci­

miento and San Pedro Mountain. The westward-flowing upper course of 

San Jose Creek east of Regina seems to have been the last tributary to 

be captured. It probably flowed, formerly, to the west through the gap 

in the Continental Divide (traversed by State Highway 95} west of Regina, 

and into the upper' part of Canada Larga. The altitude of the gravel­

capped terrace along upper San Jose Creek east of Regina is about 7, 500 

feet. The altitude of the gap in the Continental Divide west of Regina is 

a little less than 7, 500 feet. 

Northern Hogback Belt 

Extending northward from the San Pedro Foothills, along the north­

eastern edge of the area of investigation, is a belt characterized by long, 

narrow sandstone ridges separated by alluvial valleys which are mainly 

parallel to the ridges. The sandstone ridges, known as ''hogbacks", 

are breached by gaps through which the intermittent streams of the belt 

drain eastward to Rio Gallina. This hogback belt is geologically a con­

tinuation of the San Pedro Foothills, but the hogback belt has been more 

deeply eroded, and consequently has different land forms. Differential 

resistcmce to erosion of the steeply tilted sedimentary rocks has caused 

valleys to be cut in the shale units, leaving the more resistant sandstone 

beds as nearly parallel ribs or hogback ridges rising above the inter­

vening valleys. The name ''Northern Hogback Belt" is applied to this 
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sector to distinguish it from the hogback belt parallel to the front of 

Sierra Nacimiento south of the area investigated. 

The major topographic feature of the Northern Hogback Belt ia 

the high sandstone ridge in the eastern part of the belt. Although this 

hogback is cut at places by transverse gaps, it forms a nearly continu-

ous ridge from the upper tributaries of San Jose Creek northward beyond 

the northern part of the area. The altitude of the top of this hogback is, 

at places, more than 7, 800 feet. The narrow ridge rises 400-600 feet 

above the flanking valleys. Sandstone beds of stratigraphically higher 

formations hold up ridges west of the main hogback, but these sandstones 

are less resistant to erosion and the hogbacks to the west are, for the 

most part, topographically lower than the eastern hogback. Also, the 

north-south continuity of the western hogbacks is interrupted by broad, 

transverse alluviated valleys and low terraces. In most of the hogback 

belt west of the main hogback altitudes range from a little less than 

6, 900 feet to about 7, 400 feet. The large hogback (or steeply sloping 

cuesta) in the western part ofT. 26 N., R. 1 E. attains the highest 

altitude--S, 447 feet--of the Northern Hogback Belt. 

The upper valleys of Arroyo Bla_p.co and Almagre Arroyo are cut 

·-
in soft, gently dipping Tertiary rocks arid do not have the characteristic 

landforms of the Northern J-logback Belt ... However, these valleys are at 

lower altitudes than the Tapicitos Plateau west of the Continental Div-ide, 

and they are drained to the east. For these reasons they are included 
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in the_ Northern Hogback Belt. 

---
Climate 

The recorded average annual precipitation in the area ranges 

from 16. 71 inches at Gavilan to 11. 91 inches at Otero Ranch (New 

Mexico State Engineer, 1956, p. 277-280, 294). The average 

precipitation is least in June and greatest in July and August. In 

general, the wettest part of the area is the eastern side, with the topo­

graphically higher parts receiving more precipitation than the lower 

parts. The amount of precipitation becomes less tc the west, and the 

southwestern corner of the area is the driest part. 

According to published records of the New Mexico State Engineer 

(1956) the average frost-free season is 77 days (June 25 to Sept. 10) 

at Gavilan (alt. 7, 350 ft.). 

Vegetation 

The vegetation of the area varies with altitude and precipitation. 

The lower valleys and plains support sparse grass and, locally, thick 

growths of sage brush. Near springs, and in some of the valleys where 

ground }Vater is at shallow depth, cottonwoods occur. On the slopes 

and lower ridges and hills, particularly in sandy soil, juniper and pinon 

pine are the common trees. The juniper-pinon zone merges upward 

into stands of ponderosa pine which occur on the sandstone-capped 

cuestas of the Penistaja sector, 1;he mesas of the Tapicitos Plateau 
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and Yeguas Mesas, the sandstone ridges of the Northern Hogback Belt, 

and the gravel-capped terraces of the San Pedro Foothills. Scrub oak 

is common in the UP-per part of the juniper-pinon zone, and with the 

ponderosa pines. Ponderosa pines clothe the slopes of the Sierra 

Nacimiento and ~an Pedro, and merge upward into stands of spruce 

and fir which are on the higher parts of the mountains and on north­

facing canyon walls. Groves of aspen are common in the moister parts 

of the mountains. 

STRATIGRAPHY 

General Discussion 

Rocks ranging in age from Precambrian to Recent are exposed 

in the Nacimiento uplift and the eastern part of the San Juan Basin. The 

nomenclature, age, and thickness of these rocks are summarized in 

Table 1. Shown on Figure 9 are the structural elements of the San Juan 

Basin and adjacent regions that are mentioned in discussing the strati­

graphic units. 

The oldest rocks of the region are igneous and metamorphic 

rocks of Precambrian age that form a basement on which younger sedi­

mentary rocks rest. The Precambrian rocks form the bulk of San 

Pedro Mountain and Sierra Nacimiento, and have been encountered at 

depths of 13; 000 feet or more in wells drilled in the eastern part of 

the San Juan Basin. Precambrian rocks exposed in the Nacimiento 
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Table I -:-Age, nomenclature, and th1ckness of rock un1ts m the Nac1m1ento uplift 
and eastern part of ·the San Juan Basin, New Mexico. (Complied partly 

- from Renick, 1931; Dane, 1936; Wood and Northrop, 1946.) 

ERA SYSTEM SERIES OR LITHOLOGIC UNIT THICKNESS 
EPOCH (1n feet) 

Recent and 
Alluv1um 1n vall y 0 to 100 + Pleistocene 

Quater-nary UNCONFORMITY 
Terrace gravel and gravelly 

(..) Pleistocene stream-channel alluv1um '" the 0 to lOOt 
- upper parts of some valleys 
0 Quaternary Pleistocene 

UNCONFORMITY 

or or Gravel cappmg h1gh terraces 0 to lOOt 
N Tertiary Pl1ocene 
0 

UNCONFORMITY 
Miocene (?) Lamprophyre dikes 

z UNCONFORMITY 

LLJ Tert1ary Eocene San Jose format1on 200± to 1,800 
UNCONFORMITY 

less than 537 (..) Paleocene Nacim1ento formation to 1.750 
Tertiary (?) Paleocene (?) Ojo Alamo sandstone 70 to 200 

-? UNCONFORM tTY 
Kirtland shale and· Fruitland 100* to 450 

"formation, undivided 
Pictured Cliffs sandstone 0 to 235 

Upper Lewis shale 500 to 1,900 
La Ventana tongue of 37 to 

(..) Q) Cliff House sandstone 1,250 Total 
"eo. thick. - Cretaceous Q);:) 347to 560 

Cretace au s 
>o Menefee formation 375 0"- to 

0 CI)OI 
Q) 

110 to 1,825* ~ Point Lookout sandston 
N 200* 

Mancos she le 2,300 to 2,500 
0 

Lower(?) 
Dakota sandstone 150 to 200 

(/) Cretaceous 
- UNCONFORMITY 

LLJ Morr1son formation 350 to 600 
Upper Todilto form ott on 60 to 125 

~ Jurassic Entrada sandston 
Jurassic (Wingate ss. of Renick, 1931; 227 and less 

Wood and Northrop, 1946) 
IN CON FOR tTY 

Jriassic Upper Chtnle formation 1,050t 
Triassic (including Poleo s. of Remck, 1931) 

UN CON FOR ITY 
(..) Permian Low r Perm 10 n Cutler formation 500 to 950 
- LOCAL UNCONFORMITY 
0 Upp r, Middle, 

0 Madero limeston 0 to 800+ 
Penn-

8 Lower Penn. c 
N 0. 

Sand to formatiOn sylvan ion 
-;:) 

0 Lower oo (upper clast1c mb r of 0 to 200 "0\.. 
LLJ P nn. 0101 Sand1a of ood and orthrop, 

~ 1946) 
....J UNCONFOR ITY 
<[ M1ssis- Upper Arroyo P no co formation 0 to 158 (low r I . m m. of Sandia fm. of a.. sippi an Miss. Wood and orthrop, 1946) 

UNCONFORMITY 
Pr cambrian Gran it and m tomorphtc roc 
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Cenozoic rock• consisting of thick units of sandstone and shale of 

early Tertiary (Paleocene and Eocene} age are the surface rocks in most 

of the Central basin. 

The rocks of latest Cretaceous and early Tertiary age, with which 

the present report is concerned primarily, are restricted in occurrence 

to the Central basin. Rocks older than late•t Cretaceou• age are at 

depths of more than 3, 000 feet in the •outhern part of the Jicarilla Apache 

Reservation. The oldest rock• mapped in the present investigation are 

those of the Me•averde group of Late Cretaceous age. Rocks older than 

this are shown on the geologic map (Fig. Z) as Cretaceous and older rocks, 

undivided (Ko). These rocks, ranging in age from Precambrian to Late 

Cretaceous as shown in Table z. were mapped by Renick (1931) and by 

Wood and Northrop (1946). 

)4esaverde Group 

Definition 

Cretaceous Rocks 

The Mesaverde group of Late Cretaceous age was named by 

Holmes (1877, p. ZSZ)., The name was applied to the thick sequence of 

sandstone, shale, and coal that forms Mesa Verde in southwestern 

Colorado. Collier (1919, p. Z96-Z97) divided the type sequence into 

three formatiohe. In a•cending order these are the Point Lookout sand­

atone. Menefee formation, and Cliff House sandstone. The Mesaverde 
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group has been mapped continuously from the type region in Colorado 

acrose the San Juan Basin ittto the present area (Bauer, 1916, pl. 64; 
I 

Reeeide, 192.4, p. 13-16; Dane, 1936, p. -93-109). 

Because of the complexity of the stratigraphy of the Mesaverde 

group and the consequent uncertainty of correlations, earlier workers 

in the southern and eastern parts of the San Juan Basin did not use the 

fprmational subdivisions (Point Lookout, Menefee, and Cliff House forma-

tiona) of the type region. The Mesaverde rocks in the southeastern part 

of the present area were mapped by Renick {1931), Dane (1936), and Wood 

and Northrop (1946) as the Mesaverde formation. In this region Dane 

mapped a basal sandstone which he correlated with the upper part of 

the Hosta sandstone member of the Mesaverde formation of the southern 

San Juan Basin. Above the Hosta sandstone member is a sequence of 

interbedded sandstone, shale, and coal beds which Dane correlated with 

the Gibson coal member and the Allison member of the Mesaverde forma-

tion of the southern San Juan Basin. The highest unit of the Mesaverde 

in the eastern part of the basin is a ledge -forming group of sandstone beds 

which Dane (1936, p. 108) named the La Ventana sandstone member of 

the Mesaverde formation. 

Beaumont, Dane, and Sears (1956) revised the nomenclature of 

the Mesav~rde group of the San Juan Basin. The Mesaverde was raised 

to group status everywhere. The Hosta sandstone of the eastern San 

Juan 8a•in was · correlated with the Point Lookout sandstone. The Gibson 
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and Allison members were made the Cleary and Allison members of 

the Menefee formation. The La Ventana sandstone was redefined as a 

tongue of the Cliff House sandstone. 

The pre·sent writer _did not subdivide the Mesaverde group into 

Point Lookout sandstone, Menefee formation, and La Ventana sandstone 

during reconnaissance mapping of these rocks. However, a three -fold 

division of the Mesaverde group was observed at all localities where the 

group is completely expoae:d in the eastern part of the area, and a three­

fold nature is apparent in electric logs of wells. 

Extent and Thickness 

The Mesaverde group is exposed nearly continuously from south 

to north along the eastern edge of the area and is continuously distributed 

in the subsurface of the region west of the mountains. 

In the southern part ofT. ZO N., R. 1 W. the Mesaverde group 

ia well exposed south of San Pablo Canyon where its upper beds, equiva­

lent to the La Ventana tongue of the Cliff House sandstone, form a high 

hill on the crest of a northwest-plunging anticline. Beneath the La 

Ventana are alope~orming carbonaceous shale and sandstone of the 

Menefee formation underlain by thin sandstone of the Point Lookout. 

North of here the Mesaverde group is involved in the sharp folding at 

the foot of Sierra Nacimiento and San Pedro Mountain. The Mesaverde 

beds dip steeply to the west, and in places are vertical, or are over-
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turned slightly and dip to the east at high angles. Because of the steep 

..... 
dips the outcrop b~lt of the Mesaverde is narrow along the foot of the 

-
mountain•. In the San Pedro Foothills the Mesaverde is covered by 

Quaternary gravel at places. 

North of San Pedro Mountain the westward dip of the Mesaverde 

becomes less steep-.. ~ +lte outcrop belt is wider. A thick upper sand-

stone unit, probably equivalent to the La Ventana tongue of the Cliff 

House sandstone, forms the high eaatern hogback in the Northern Hog-

back Belt. Rocks probably equivalent to the Menefee formation and 

Point Lookout sandstone form steep slopes and small ridges east of the 

main hogback. 

According to Renick (1931, p. 43-44) the Mesaverde is about 500 

feetthickin sec. 35, T. Zl N., R. 1 W. The ''lower sandstone member•• 

of Renick is the Point Lookout sandstone which is about 180 feet thick. 

The "middle coal-bearing men1ber•• is the Menefee formation which is 

about 347 feet thick. The ••upper sandstone member'' is the La Ventana 

tongue of the Cliff House sandstone which is about 37 feet thick. Farther 

west in the subsurface, the thickness of the entire Mesaverde group 

increases to about 840 feet at the Sun McElvain well in sec. 23, T. Z1 N •• 

R. Z W. In the BOUthwestern part of the area the Shell Oil Co. No. 1 

Pool Four well in eec. ZZ, T. Z1 N., R. 5 W. penetrated nearly 1, 700 

feet of rocks aseigned to the Mesaverde group. 
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In the northeastern part of the area the entire Mesaverde group 

is about 630 feet thick in the subsurface at the Readiag and Bates No. 1 

Duff well in sec. 24, T. 24 N., R. 1 W. Fitter (1958, p. 19, and 

p. 49- 51) reports that the Mesaverde group is 647 feet thick in sec. 5, 

T. 24 N., R. l E. , where the basal (Point Lookout) sandstone is approx­

imately 95 feet thick, the medial coal-bearing sequence (Menefee 

formation) is about 375 feet thick, and the upper sandstone (La Ventana 

tongue of the Cliff House) is about 110 feet thick. 

Lithology 

The Point Lookout sandstone consists of buff, gray, and tan 

sandstone beds ranging in thickness from 1-30 feet. The Point Lookout 

is mainly medium grained but contains a few beds of fine-grained sand­

stone and also some beds of shale. 

The Menefee formation consists of shale and interbedded sand-

stone and thin coal beds. The shale is light to dark gray and usually 

carbonaceous, containing at places lenses of coal and coaly shale. The 

sandstone beds are white, gray, buff, and brown, lenticular stream­

channel deposits of fine- to coarse -grained quartz sand. 

The L~ Ventana ton~ue of the Cliff House sandstone consists of 

gray, buff, and orange-brown sandstone with some interbedded thin gray 

shale. The lower part of the La Ventana·at most places consists of 

several beds · of medium-grained sandstone as much as 30 feet thick. 
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The upper part of the unit at mo•t places consists of thinner, tan to 

orange -brown, fine- to medium-grained sandstone with gray shale 

interbedded. 

The lithology, stratigraphic relations, and fossils of the Mesa­

verde group indicate that most of it was deposited during a major retreat 

and readvance of the Cretaceous sea acrosa the region of the present 

San Juan Basin. The Point Lookout aand•tone was deposited mainly as 

near-shore marine sand during the retreat of the sea. The Menefee 

formation is a terrestrial deposit laid down mainly when the strandline 

of the sea was north of the area of the present report. The La Ventana 

tongue of the Cliff House sandstone was deposited in a near-shore marine 

environment as the Cretaceous sea advanced southwestward back across 

the San Juan Basin. 

Contacts 

The Point Lookout sandstone is gradational i!'to the underlying 

Mancos shale of Late Cretaceous age. This gradation occurs in a thin 

zone at the base of the Point Lookout where thin tongues of the Point 

Lookout sandstone are interbedded with thin tongues of the Mancos shale. 

The contact of the Point Lookout and the overlying Menefee formation is 

generally sharp but appears to be conformable. The contact of the Menefee 

formation and the overlying La Ventana tongue of the Cliff House sandstone 

appears to be gradational and there may be considerable intertonguing 

between the units locally. 
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The contact of the La Ventana and the overlying Lewis shale of 

Late Cretaceous age is gradational by intertonguing. The intertonguing 

relationship made reconnaissance mapping of the contact difficult. The 

top of the Meaaverde group was mapped arbitrarily as the t_op of the 

highest ledge-forming thick sandstone of the La Ventana tongue. This 

arbitrarily assigned contact is not at the same stratigraphic position 

across the area. At some places, particularly in the southern part of 

T. 20 N., R. 1 W., thin sandstone beds are intercalated in thick gray 

shale arbitrarily assigned to the lower part of the Lewis shale. These 

sandstone beds thicken to the south and merge into the upper part of the 

La Ventana as the intervening shale beds wedge out southward. Thus, 

the top of the La Ventana tongue becomes stratigraphically higher south­

ward. The contact shown on the geologic map (Fig. 2) cuts across 

lithologic boundaries and, to the south, is slightly higher stratigraphi­

cally than in areas farther north. 

According to Reeside (1924, p. 16) the flora and invertebrate 

faunas of the Mesaverde are of Montana age, thus the age of the Mesa­

verde is about middle Late Cretaceous. 

Lewis SU!e 

Definition 

The Lewi• shale of Late Cretaceous age was named by Cross, 
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Spencer, and Purington (1899, p. 4) for exposures near Fort Lewis, 

Colorado. The thick body of gray shale with some interbedded thin, 

f.ine-grained sandatone and nodular lime stone beds that rests on the 

' Mesaverde aroup throughout the present area was mapped as Lewis 

shale by Renick (1931), Dane (1936), and Wood and Northrop (1946). 

Extent and Thickness 

The Lewis shale is exposed in a belt adjacent to and west of 

the Mesaverde group, and the structural attitude• of the units are simi-

lar. The Lewis shale is exposed in a wide area in T. 20 N., R. 1 W. 

where it is folded on a northwestward-plunging anticline. The outcrop 

belt becomes narrower to the north, and in the San Pedro Foothills 

steeply-dipping •oft rocks of the Lewis shale are discontinuously ex-

posed. In the Northern Hogback Belt the Lewis shale dips steeply to the 

west and crops out on low hills rising above alluviated valleys west of 

the Me.saverde hogback. 

Renick ( 1931, p. 50) measured a section from the top of the 

Mesaverde to the base of what he classified as the Puerco formation 

in sees. Z to 4, T. ZO N., R. 1 W., and gave a thickness of about 1, 660 

feet for the Lewis. Renick probably included in the upper part of the 

IAwis shale roclu Which Dane (1936) mapped as the Kirtland shale, and 

which the present write.r has mapped as the Pictured Cliffs sandstone of 

Late Cretaceous &le and the undivided Fruitland formation and Kirtland 
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shale also of Late Cretaceous age. The Pictured Cliffs and the un­

divided Fruitland and Kirtland are about 170 feet thick in sees. 8 and 9, 

T. 20 N., R. ! W. Thus, the Lewis shale as mapped by the present 

writer is about 1, 490 feet thick in the southeastern part of the area. 

The Sun Oil Co. No.1 McElvain well drilled in sec. 23, T. 21 N., 

R. Z W. penetrated about 1,530feet of Lewis shale. Dane (1936, p. 111) 

estimated the thickness of the Lewis to be from 550 to 600 feet south of 

.Mesa Piedra Lumbre (.Mesa Portal on Fig. 2 of the present report). In 

the southwestern part of the area the Shell Oil Co. No. 1 Pool Four well 

in sec. 22, T. Zl N., R. 5 W. penetrated about 500 feet of sandy shale 

assigned to the Lewis. 

In the north-central part of the area the Magnolia Petroleum Co. 

No. 1 Jicarilla D well in sec. 24, T. 26 N., R. 3 W. penetrated about 

1, 470 feet of shale assigned to the Lewis. In the northeastern part of 

the area the Reading and Bates No. 1 Duff well in sec. 24, T. 24 N., 

R. 1 W. penetrated about 1, 900 feet of Lewis shale. From these figures 

it is apparent that the Lewis shale thins from northeast to southwest. 

Much of this thinnins takes place in a short distance in the subsurface 

of the aouthweeterp part of the area. The rapid thinning occurs also at 

the surface south of the area. and both Renick (1931, p. 44-45) and Dane 

(1936, p. 109-111) recopzed that the thinning was largely the result of 

a facies change. Jioat of the Lewis shale intertongues with and grades 
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laterally into the upper part of the La Ventana tongue of the Cliff House 

sandstone. Thus, as the Lewis becomes thinner to the south the La 

Ventana becomes thicker. 

Lithology 

The Lewis shale is composed of light- to dark-gray fissile clay 

shale with a small proportion of interbedded siltstone, · fine-grained 

sandstone, and nodular concretionary limestone. At most places about 

the lower 100 feet of the Lewis shale contains several thin beds of 

sandstone. Some of these beds can be traced laterally into the LaVen­

tana tongue of the Cliff House sandstone; thus, the lower part of the Lewis 

is a zone of intertonguing between the Lewis and the Mesaverde group. 

At places, thin beds of fine-grained sandstone were observed to 

become calcareous as they were traced northward, and to grade laterally 

into thin highly fossiliferous concretionary lime stone beds. In the North­

ern Hogback Belt a thin c oncretionary limestone forms a persistent 

marker bed which holds up small low ridges rising above the valleys 

carved in the Lewis. This limestone contains numerous well-pre served 

shells of ammonites, gastropods, and pelecypods. The stratigraphic 

position of this marker bed is near the base of the upper one -third of 

the Lewis shale. Thin litnestone and calcareous siltstone beds occur 

at other stratigraphic positions also. 

In the subsurface of the southwestern part of the area the Lewis 

43 



. ahale is very aandy and silty. In this region the Lewis is only 500-

600 feet thick, and theae beds are believed to be stratigraphically 

-
equivalent to the clay shale of the upper part of the Lewis of the northern 

part of the area. The stratigraphic interval represented by the upper 

800-1, 000 feet of the Meaaverde group in the subeurface of the south-

weatern part of the area il probably equivalent etratigraphically to the 
~ 

lower 800-1,000 feet of clay shale of the Lewie of the no_rthern part of 
• 

the area. 

The contained marine invertebrate foeeils and the lithology of 

the Lewis shale indicate that it was deposited in an off-shore environment 

after the southwestward advance of the Cretaceous sea during which the 

lower part of the La Ventana tongue of the Cliff House sandstone was 

deposited. Most of the Lewis shale in the east-central part of the San 

Juan Basin was depoaited at a time when the strandline of the Cretaceous 

eea was southwest of the present area of investigat ·<..a. The thick tongues 

of the upper part of the La Ventana sandstone were deposited as beds of 

near-shore JD&rine sand which grade northward int o the deeper water 

ahale deposits of the Lewis • . 

Contact a 

The coatact of tJ&e Lewis shale and the unl erlying Mesaverde 

group i8 trauation.a.l. aa4 intertonguing. The cont a.ct of the Lewis shale 

aud the overlying Pictund Cliffs sandstone also is transitional and 

intertonguina. In the nb•urface of the southwe !tern part of the area 



an intertongut_ng relationship causes the top of the Lewis shale to rise 

stratigraphically to the northeast as the lower part of the Pictured 

Cliffs tongue• out in that direction (Fig. 5). Similar intertonguing 

relationship• ar_e apparent also at the surface in the southeastern part 

of the area. In the SW 1/4 sec. Z5, T. ZO N., R. Z W. the Pictured 

Cliffe is about 65 feet thick and contains a few beds of shale. Toward 

the northeaet in the NW 1/4 sec. ZO, T. ZO N., R. 1 W. the lower part 

of the Pictured Cliffs ie represented by only a few thin tongues of sand­

atone interbedded with thick beds of shale. In this area very thin beds 

of sandstone occurdng in the upper part of the Lewis shale are probably 

tongues of the Pictured Cliffs. 

Farther north on the outcrop the Pictured Cliffs is represented 

by several beds of fine-grained sandstone and interbedded shale lying 

conformably on the Lewis ahale. North of sec. Z3, T. Zl N., R. 1 W., 

the zone of sandy shale and shaly sandstone equivalent to the Pictured 

Cliffe sandstone is included with the undivided Fruitland formation and 

Kirtland shale because the beds equivalent to the Pictured Cliffs are 

too thin to map separately at the scale of Figure Z. However, the thin 

zon• of sandy shale and shaly sandstone equivalent to the Pictured Cliffs 

and reeting conformably on the Lewis persists in the outcrop and the 

subeu.rface to at lealt the northern edge of the area. 

The Lewie ehale contains a fauna equivalent to part of the upper 
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and middle portion of the Pierre shale of the Great Plains region 

(Reeside, 19Z4, p. 18) and is of Late Cretaceous (Montan_a) age. 

Pictured Cliffs Sandstone · 

Definition 

The Pictured CUffs sandstone of Late Cretaceous age was named 

by Holmes (1877, p. Z48). The name was applied to the massive ledges 

of marine sandstone exposed north of the San Juan River west of Fruit­

land, New Mexico. Reeside (19Z4, p. 18) redefined the formation to 

include the massive sandstone ledges of Holmes and the sequence of 

interbedded shale and sandstone beneath them and above the Lewis shale. 

The Pictured Cliffs sandstone crops out in a nearly continuous 

narrow band around the northern, western, and southern sides of the 

Central basin, and has been mapped continuously by other investigators 

(Bauer, 1916; Reeside, 19Z4; Dane, 1936) from the type locality into the 

southern part of the present area of investigation. The Pictured Cliffs 

is the stratigraphically lowest formation that was studied in detail during 

the present investigation. 

Extent and Thickness 

The Pictured Cliffs •andstone crops out above the Lewis shale in 

the southeastern part of the area, and a zone of thin sandstone, siltstone, 

and interbedded shale believed to be equivalent to the Pictured Cliffs was 

46 



traced along the eastern side of the area as far north as sec. 4, T. Z5 N., 

• 1 E. The Pictured Cliffs is present in the subsurface of most of the area. 

In the southern part ofT. ZO N., R. Z W., the lower part of the 

Pictured Cliffs fo·rms low, gently sloping benches of rusty-weathering 

sandstone above the Lewis shale. The upper part forms steep slopes 

and cliffs of soft sandstone in the lower part of the erosional escarpment 

at the eastern aide of Mesa portal. On the southern slope of the butte 

in the SW 1/4 sec. Z5, T. ZO N., R. Z W., the Pictured Cliffs is about 

65 feet thick. To the northeast the Pictured Cliffs is covered by alluvium 

in the valley of the Rio Puerco. 

Dane ( 1936, p. llZ; 1946) reported that the Pictured Cliffs 

•ndlltone is not present east of the Rio Puerco. However, the formation 

is present and recognizable in sees. 17, 19, and ZO, T. 20 N., R. 1 W., 

although its beds are thin and poorly exposed at places. In this part of 

the area the Pictured Cliffs forms small, sloping benches at the foot of 

the mesa northwest of the broad, sloping valley cut in Lewis shale by 

Senorito Creek. In the NW 1/4 sec. ZO. T. 20 N., R. 1 W. the Pictured 

Cliffs i• about 60 feet thick. The lower 35 feet is silty shale containing 

thin beds of concretionary siltstone and sandstone. The upper part con­

•iata of sandstone and some interbedded carbonaceous shale, all about 

25 feet thick, and formiDI small .ledges. 

Northward from sec. 17, T. ZO N., R. 1 W., to about the center 

of sec. Z3, T. Zl N., R.. 1 W., the Pictured Cliffs sandstone is about 

47 



45 feet thick, and consists of clay shale and interbedded thin, rusty-

. . 
weathering concretionary sandstone and siltstone overlain by soft, thin, 

shaly carbonaceous sandstone. 

In the San Pedro Foothills and in the Northern Hog_back Belt this 

sequence of shale, concretionary siltstone and sandston~-. and overlying 

shaly carbonaceous sandstone is exposed at many places, and was found 

at other places by digging through a thin soil cover. In this region the 

thickness of the Pictured Cliffs varies, but averages about 35 feet. North 

of sec. Z3, T. Zl N., R. 1 W., the Pittured Cliffs dips steeply to the 

west or is vertical or overturned slightly, and its ·outcrop belt is very 

narrow. For this reason the Pictured Cliffs north of sec. 23, T. 21 N., 

R. 1 W., was not mapped as a separate unit, but was included with the 

overlying undivided Fruitland formation and Kirtland shale, although the 

Pictured Cliffs is a recognizable unit as far north as sec. 4, T. Z5 N., 

R. 1 E. 

In a landslide scar in the NE 1/4 sec. 4, T. 25 N., R. 1 E., the 

rocks equivalent to the Pictured CliffE are about 58 feet thick, and are 

sandy or silty shale and several thin beds of silty fine -grained sandstone 

containing carbonized plant fragments. Here the entire Pictured Cliffs 

interval ha• become little more than a ~andy zone at the top of the Lewis, 

and from this &t:~a. north it wa$ excluded from the undivided Fruitland 

formation and Kirtland •hale, and was mapped with the Lewis shale. 
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The Pictured Cliffa eandetone ia widely distributed in the sub­

urface of the area as determined by a study of electric logs of well• 

drilled for oU and aa• (Fige. 5-7). The Pictured Cliffe is about 

Z35 feet thick. at the J. D. Hancock No. 1 well in sec. 33, T. 21 N., 

a. 5 W. The thicbeee diminishea northeastward because of the wedge­

out of the lower part of the Pictured Cliffe into the upper part of the 

Lewis ehale, and the Pictured Cliffs is only about 100 feet thick at the 

Humble Oil and Refining Co. No. 1 Jicarilla B well in sec. 22, T. 22 N., 

R. 5 W. Northeaatward from this well the thickness diminilhes gradually 

because thin eandetone tongues of the lower part of the Pictured Cliffs 

wedae out into the upper part of the Lewis, and also because of deposi­

tional thinnin& of the Pictured Cliffs. At the Magnolia Petroleum Co. 

o. 1 Cheney-Federal well in eec. 8, T. 26 N., R. 2 W., a zone of 

interbedded ehaly eandetone, siltstone, and interbedded silty, sandy 

ehale about 80 feet thick il correlated with the Pictured Cliffs sandstone. 

In the eubeurface of the eastern part of the area the Pictured 

Cliffe thine rapidly to the north aa it does in outcrops, but a thin zone 

of eandy ehale and ehaly eandetone persieta to the north as it doea in the 

outcropa. Becauee of the exaggerated vertical acale of the correlation 

diaarame (Figa. 5, 6, and 7) it il poaaible to ahow the Pictured Cliffs 

of the aubeurface u • eeparate unit even where it ia thin, and it il not 

combined with the undivided Fruitland formation and Kirtland shale in 

the dia1ram~. 
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The thickness ·Of the Pictured Cliffs sandstone in the subsurface 

tend• to be more or less constant across the area in a north-northwest 

direction. The main direction of thinning_is from west-southwest to 

east-northeast. 

Lithology 

The Pictured Cliffs sandstone is composed of varying proportions 

of thin- to thick-bedded sandstone, siltstone, and shale. In the subsur­

face of the southwestern part of the area the Pictured Cliffs is mainly 

sandstone, but contains beds of siltstone and ahale. Northeastward the 

Pictured Cliffs thins and, as judged by interpretation of electric logs 

of wells, the thinning is accompanied by a gradual change from a pre­

dominantly sandstone facies to a facies of thin, argillaceous, fine -grained 

sandstone, siltstone, and interbedded shale. 

At the surface west of the Rio Puerco in the southeastern part of 

the area, the Pictured Cliffs is about 65 feet thick, and is composed 

mainly of very fine grained to medium-grained sandstone (Fig. 3). In 

the SW 1/4 sec. 25, T. 2.0 N., R. Z. W., the lower part of the Pictured 

Cliffs is mainly soft yellowish-brown to buff sandstone about 15 feet thick. 

The middle part of this sandstone is tangentially cross .bedded, and forms 

ruaty-weathering ledges. Above the sandstone is olive-colored soft 

clay ahale, about 5 feet thick, overlain by soft sandstone and interbedded, 

poorly exposed shale about 10 feet thick. The upper part of the Pictured 
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Cliffs is about 35 feet thick and consists of two beds of fine- to medium­

grained, slightly micaceous sandstone separated by a 3-foot bed of 

gray clay shale. The Pictured Cliffs is overlain by. soft, argillaceous, 

shaly, carbonaceous to coaly sandstone assigned to the undivided Kirt­

land shale and Fruitland formation. The upper part of the Pictured 

Cliffs was traced southwestward outside the -area to sec. 7, T. 19 N., 

R. 2 W. At this locality it seems to be equivalent to a sandstone, 71 

feet thick, which Dane (1936, p. 116) described in a stratigraphic 

section as being the basal sandstone of the Kirtland shale (Fig. 3). 

However, the writer found casts of Halymenites in this sandstone, 

indicating its marine origin and indicating that it is part of the Pictured 

Cliffs. Here the total thic~ness of the Pictured Cliffs is about 116 feet. 

East of the Rio Puerco in the southeastern part of the area the 

sandstone beds of the lower part of the Pictured Cliffs become very 

thin, fine grained, and somewhat concretionary. The sandstone at the 

base of the formation in the NW 1/4 sec. 20, T. 20 N., R. 1 W. is about 

Z. 5 feet thick and, at places, forms brown-weathering concretions. 

Above the basal sandstone is light- to dark-gray sandy shale, about 35 

feet thick, containing thin concretionary siltstone and sandstone beds. 

The upper part of the Pictured Cliffs is about 22. 5 feet thick and con­

sists of two bed• of fine- to medium-grained sandstone interbedded with 

shale. Above the Pictured Cliffs at this locality is olive-gray, carbona­

ceoua, very 8&ndy clay shale and thin sandstone containing marine 
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fosailia, and about 15. 5 feet thick. These rocks are probably equivalent 

to the carbonaceous shale and sandstone of the lower part of the Fruit-

land and Kirtland formations west of the Rio Puerco. They are overlain 

by a dark- brown-weathering, medium-grained to very coarse grained 

sandstone, 2. 5 feet thick, which forms a brown ledge at the base of 

higher beds of the undivided Fruitland formation and Kirtland shale. 

Many of the beds of the Pictured Cliffs contain lignitized frag-

menta of fossil plants which are scattered through the rock and form 

thin mats on bedding planes. The carbonaceous material is associated 

with marine invertebrate fossils, and characterizes the Pictured Cliffs 

on the eastern side of the area. 

The Pictured Cliffs in the SW 1/4 NW 1/4 sec. 23, T. 21 N., 

R. 1 W. has at its base a brown-weathering, concretionary, calcareous 

siltstone about 1. 5 feet thick. Above this is soft carbonaceous sandy 

shale and interbedded thin, lenticular, fine -grained sandstone, all about 

33. 5 feet thick. Above this is soft fine- to medium-grained carbonaceous 
/ 

sandstone alternating with carbonaceous sandy and silty clay sha.le con-

taining thin lenses of fine -grained sandstone. The sandstone and sandy 

shale beds range in thickness from 2. 5 to 7 feet, and the. total thickness 

of the upper part of the Pictured Cliffs is about 28 feet. The Pictured 

Cliffs is overlain by a soft yellowish buff sandstone 14. 5 feet thick which 

is asaiped to the undivided Fruitland formation and Kirtland shale. 

North of this locality, in the San Pedro Foothills and Northern 
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Hogback Belt, the lithology bf rocks equivalent to the Pictured Cliffs 

(but mapped with the overlying Fruitland and Kirtland) is generally 

similar to that of the sequence described above. At most places these 

rocks consist of a lower unit of shale and interbedded thin rusty-

weathering, .concretionary sandstone Z0-25 feet thick, and an upper 

• 
unit of tWo or more soft, fine -grained, ahaly sandstones whose com-

bined thickness is 15-ZO feet. In sec. 4, T. l5 N., R. 1 E. rocks 

equivalent to the Pictured Cliffs consi1t of shale with several thin bed1 

of siltstone and fine-grained sandstone containing plant fragments. 

North of this locality these rocks are mapped with the Lewis shale. 

The lithology and marine fossils contained in the Pictured 

Cliffs sandstone indicate that it was deposited in near-shore and off-

shore marine environments at a time when the shoreline of the Creta-

ceous sea was mainly southwest of the area investigated. At places 

in the San Pedro Foothills, notably at the outcrops in sec. l3, T. Zl N. , 

R. 1 W., part of the Hctured Cliffs sandstone consists of thin, highly 

lenticular bodies of fine -grained sand interbedded with highly carbona-

ceous siltstone and clay shale containing abundant lignitized plant 

fragments. The lenticular sand bodies range in thickness from less 

than 1 inch to as much as 7 feet. The late ra.l extent of the lenses 

ranges from a few inches to hundred of feet, but many of the lenses 

are only a few inches to a few feet in length. The lithology of these 

rocks is strikingly similar to that of sediments accumulating on 
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extensive tidal flats at the edge of the North Sea in northern Germany. 

These sediments are described and illustrated with a core by Hantzschel 

(1939, p. 197-Z03). According to Hantzschel, the tidal mud consists 

of soft, unctuous, water-soaked slime composed mainly of fine silt and 

clay containing .a small amount of sand and shell fragments of various 

invertebrates. Fine plant detritus also is present, and excrement of 

marine organisms causes the unctuous character of the mud. The 

deposits are stratified, with intercalations of thin layers of fine sand 

in the argillaceous substance. The bedding is seldom strictly parallel, 

but is streaky and lenticular. The alternating layers wedge out rapidly 

and their thickness is not uniform. The irregular bedding is caused by 

frequent reworking of the sediments by tidal and wind-driven currents 

of varying strength and direction. 

If the similarity of the lenticular sandstone and carbonaceous 

shale of the Pictured Cliffs and the North Sea tidal-flat sediments is 

meaningful, it may indicate that part of the region of the Nacimiento 

uplift was slightly emeraent ~r was a shoal area during deposition 

of the Pictured Cliffs. 

No evidence was found to indicate that the region of the Naci­

miento uplift contributed much if any sediment to the Pictured Cliffs 

sea. Most of the sediment of the Pictured Cliffs sandstone in this 

part of the b'lsin -probably was derived from the region southwest and 

west of the San Juan Basin. Dane (1946) found that the Pictured Cliff& 
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sand•tone of the northern part of the basin pinches out southward along 

the northeastern side of the basin, indicating that highlands had arisen 

north of the San Juan Basin, and deposition of the Pictured Cliffs took 

place in a restricted, northwest-trending embayment of the Cretaceous 

sea (Fig. 10). Sediments of the Pictured Cliffs in the northeastern part 

of the basin were derived from areas north and northeast of the basin. 

Contacts 

The Pictured Cliffs sandstone rests conformably on the Lewis 

shale and intertongues with it. In the subsurface, and at the surface 

west of the Rio Puerco in the southeastern part of the area, the Pictured 

Cliffs h overlain conformably by carbonaceous to coaly shale and thin 

sandstone and siltstone which are the basal parts of the undivided 

Fruitland formation and Kirtland shale. Also, at many places north of 

sec. ZO, T. Z4 N., R. 1 E., rocks equivalent to the Pictured Cliffs 

are overlain conformably by sandy carbonaceous shale containing 

silicified wood and thin, rusty-weathering siltstone and fine-grained 

sandstone. These beds, 15 to 30 feet thick, are believed to be equivalent 

to persistent thin, carbonaceous, shaly beds above the Pictured Cliffs in 

the subsurface and to the soft carbonaceous shale and sandstone of 

the Fruitland and Kirtland at the surface west of the Rio Puerco. These 

carbonaceous shale beds seem to be absent at most places where the 

Fruitland and l(irtland are exposed in the San Pedro Foothills. At many 

of these places, rocks equivalent to the Pictured Cliffs are overlain 
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with slight· erosional unconformity by thm to thick, coarse -grained 

sandstone whose stratigraphic position in the Fruitland and Kirtland 

is higher than the carbonaceous shale. Locally, the upper part of 

the rocks equivalent to the Pictured Cli~fs is thin or absent. These 

relations may be the result of slight local unconformity caused by 

scouring or channeling, and seem to indicate that slight uplift or 

folding occurred in the San Pedro Mountain area not long after deposi-

tion of the Pictured Cliffs. 

According to Reeside ( 1924, p. 19) the Pictured Cliffs in the 

western part of the Central basin conta1ns a littoral marine fauna of 

late Montana (Late Cretaceous) age. Fossils collected from the 

Pictured Cliffs south of the pre sent area of investigation also were 

considered to be of Montana age by RE'eside (Dane, 1936, p. 112}. 

Fruitland Formation and Kirtland Shale Undivided 
I 

Definition 

Lying on the Pictured Cliffs sandstone throughout the area is a 

thin but stratigraphically complex sequence of sandy carbonaceous shale, 

siltstone, fine- to coarse -grained sandstone, and some bentonitic shale. 

Gardner (1909, pl. 1) and Renick ( 1931) apparently included part of these 

rocks with the underlying Lewis shale, and part of them with overlying 

rocks assigned by them to the Pue rco formation. Dane ( 1936, p. 112} 
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found that these rocks are equivalent to rocks mapped on the western 

side of the Central basin by Bauer and Reeside (1921) and Reeside 

(1924) as the Fruitland formation and Kirtland shale. The Fruitland 

formation, which lies conformably on the Pictured Cliffs sandstone, 

consists of varied proport·ions of interbedded sandstone, shale, and 

coal. The formation was named by Bauer (1916, p. 274} for exposures 

near Fruitland, New Mexico on the San Juan River. The Kirtland 

shale, which lies on the Fruitland formation, consists of varied propor­

tions of sandstone and shale similar to the Fruitland formation but 

containing little or no coal. The Kirtland shale was named by Bauer 

(1916, p. 274) for exposures along the San Juan River between Kirtland 

and Farmington, New Mexico. Here the Kirtland was subdivided by 

Bauer into a lower shale member, the medial Farmington sandstone 

member, and an upper shale member. 

Dane (1936) mapped the Fruitland and Kirtland across the south­

ern part of the Central basin and into the southern part of the present 

areaofinvestigation. Eastofsec. 7, T. 19N., R. 2W. Dane(l936, 

p. 115, and pl. 39) arbitrarily combined the two formations and mapped 

them as the Kirtland ahale, because the basis for distinguishing the two 

formations was said to become less evident eastward. However, because 

rocks probably equivalent to both the Fruitland formation and the Kirt­

land shale occur in the present area of investigation, the rocks mapped 

as Kirtland shale by Dane (1936) are designated in the present report 
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nitlaod formation and Kirtland shale are pre-

PicC\are4 Cliff• aandatone throughout the pre aent ar.ea of 

. 
r,aitlaDd and Kirtland rocks crop out in the aouthwestern 

Alamo a&Ddatone of Tertiary(?) aae. We at of the preaen.t area, 

To 20 No , ll. 6 W o , the combiDed thickne • • of the Fr\litlan.d and 

rtlaDd waa ea~ted to be a · Uy le•• than 600 feet (Dane, 1936, 

p. 114)o The •equence thiDa eaatwarti, and in the NW 1/4 sec. ZS and 

1/4 eeco Z6, T. ZO N., llo Z • the Frwtland formation a d Kirtland 

1/4 aeco 9, To ZO N., ll. 1 W o tiM aequence is 1Z6 feet thick. 

1U .. a a the Kirtland ahale from T. 19 N. , R.. Z W. into To Z 1 N. , R.. 

• From there aorthward, ~erally eqwvalent beds were said by Dane 



Judging from Dane 11 ( 1946) atratiaraphic sections measured in T. 23~ 

Z4 N., R. 1 W., and T. 24-25 N., R. 1 E., beds which he included at 

different places in the upper part of the Lewis shale and the Ojo Alamo 

sandstone, and in the lowest parts of the Nacimiento formation of Tertiary 

a1e and the Animas formation of Cretaceous and Tertiary age, are equiva­

lent to the unit mapped by the present writer as the undivided Fruitland 

formation and Kirtland shale. As previously discussed, thin beds 

equivalent to the Pictured Cliffs sandstone north of sec. 23, T. 20 N., 

R. 1 W. were mapped also with the Fruitland and Kirtland by the present 

writer. 

In the San Pedro Foothills the Fruitland and Kirtland rocks dip 

very eteeply to the west, or locally are vertical or overturned slightly, 

and form a narrow, discontinuously exposed belt of aoft, rounded sand­

atone ledges with intervening thin to thick beds of soft dark-gray and 

olive-green shale. In the Northern Hogback Belt the sequence dips 

steeply to the west and forma low ridges and slopes west of the slopes 

and valleys cut in the Lewis shale. The thicknes1 of the undivided 

.. Fruitland formation and Kirtland shale is varied because of slight 

angular discordance and eroeional unconformity with the overlying Ojo 

Alamo eand1tone , In the NW 1/4 SE 1/4 sec. 11, T. 21 N., R. 1 W. 

the sequence il about 128 feet thick, including at the base 27 feet of 

1and1tone and !!hale equivalent to the Pictured Cliffe sandstone. On the 

north aide of San Jo1e Creek in the SW 1/4 NE 1/4 eec. 34, T. 23 N. ) 
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R. 1 W. the sequence is about ZZO feet thick, including about 31 feet of 

sandstone and shale equivalent to the Pictured Cliffs. South of Almagre 

Arroyo in theN~ 1/4 sec. Z, T. 23 N., R. 1 W. the undivided Fruit­

land formation and Kirtland shale are about 84 feet thick, including 33 

feet of poorly e·xposed sandstone and shale equivalent to the Pictured 

Cliff•. 

North of sec. 20, T. 24 N., R. 1 E. the undivided Fruitland 

and Kirtland thicken, and near the center of sec. 8, T. 24 N. , R. 1 E. 

they are about ZOO feet thick, including 46 feet of poorly exposed sand­

stone and shale equivalent to the Pictured Cliffs. North of here the 

sequence thickens and thins. It is about 280-300 feet thick, including 

35 feet of poorly exposed beds equivalent to the Pictured Cliffs, in the 

NE 1/4 NW 1/4 sec. 29 and NE 1/4 sec. 17, T. 25 N., R. 1 E. Farther 

north in T. 26 N., R. 1 E., the sequence is less than half this thickness, 

because upper beds are cut out by an unconformity at the base of the 

overlying Ojo Alamo sandstone. 

In the subsurface of the part of the area east of the Continental 

Divide the thickness of the undivided Fruitland formation and Kirtland 

ahale varies aa it does in the O"tcrops. However, in the subsurface 

weat of the divide, the· sequence thickens irregularly westward. In the 

northwestern part of the area th' sequence is about 450 feet thick at 

the Northwest Production Co. No. 1-7 Jicarilla 152 well in sec. 7, T. 26 

N., R. 5 W. (Fig. 7). In the sub urface of the southwestern part of 
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the area the sequence is 300-400 feet thick {Fig. 5). 

Th·e undivided Fruitland formation and Kirtland shale consist 

of varied proportions of dark- to light -gray and olive-green clay shalf', 

bentonitic clay, sandy shale and -siltstone , and interbedded whitP , buff, 

brown and greenish-gray, fine-grained to very coarse grained sand­

stone. Carbonaceous to coaly shale is present locally in the lc wer 

part. At many places on the s outhern and eastern sides of the a r ea the 

sequence consists of three m ore o r less distinguishable litholo gic units. 

These units, called units A, B, and C in this report {Fig. 3) . are 

believed to correlate generally with parts of the Fruitland formation 

and the Kirtland shale as mapped by Dane {1936) southwest o f the pre-

sent area. Inasmuch as the stratigraphy of these rocks is complex , the 

units are described in considerable detail in the following pages. 

Unit A 

The lower unit, which is probably equivalent to part of the 

Fruitland formation , rests conformably on the Pictured Cliffs sandst<mt> , 

and is here called unlt A for convenience of discussion. At the su :da c f' 

in the southeastern pac-t of the area, unit A consists of dark-gray, 

carbonaceous, silty , clay shale with i nterbedded thin sandstone and 

siltstone, and a few thin lenses and persistent beds of impure coal near 

the base. Unit A is a little more than 50 feet thick in the stratigraph1c 

section measured by Dane {1936, p. 116, beds 3-12 from the base ) 
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k. 

1/4 aec. 7, T. 19 N., R.. Z W. (see Fi1 3). On the outlying 

in~ SW 1/4 aec. ZS, T. ZO N., R. Z- W. unit A is about Z8 feet 

In the n Pedro Foothills, unit A ~eem• to be pre •ent but thin 

... place·• and abaent at other place•. In the SW 1/4 NE 1/4 sec . 

• Z3 N. , R.. 1 W. , bed• of unit A ar.e exposed oa a low hill in 

tile yalley. Here unit A contain• a thin bed of coacretiOftary-weathering 

l1ae-1rained •andstone containin1 the marine pelecy d laoceramus sp. 

Thia •and•tone i8 believed to correlate with ick marine sandstone in 

uait A farther north. Similar tain, rounded-weathering, buff sandstone 

beda are pre•ent in outcrop• oat abandoDed Gallina hiahway in the 

center of sec. ZZ, T. Z3 N., • 1 W. where unit A is a little more than 

60 feet thick and re•ts on rock• equivalent to the Pictured Cliffs {but 

mapped with the Fruitland and Kirtland). 

J'art r nona, i tt.e Northern Hogback Belt, unit A is thinner 

tllaa tbia at moat ea, thicken• locally in the NE 1/4 sec. 36, 

T. Z4 N., ll. 1 W. w nit c011tain• the thin marine sandstone. The 

..tt Wna to 10-30 feet ia aeca. 30, Z9, and ZO, T. 24 N., R. 1 W. In 

a ricinity it h repreaente moatly by •oft, yellowish, fine- to medium-

raine4 mari11e aaadatona u 

canta~u:..oua ahale re atin1 

rlain by iron•tone-bearing, dark-gray 

rock• equivalent to the Pictured Cliffs. 

mari.ae audatone ia overlaia unconformably at many places by 
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coarse -grained sandstone of .unit B of the Fruitland and Kirtland. 

North of the center of sec. 20, T. 24 N., R. 1 E. unit A 

thickens. At the · center of sec. 8, T. 24 N. , R. 1 E. the unit is about 

ZOO fe~t thick. The lower part of unit A consists of silty, olive -gray 

shale about 25 feet thick, and the overlying marine aandstone has thick-

ened to about 60 feet. The upper part of unit A is covered. Farther 

north, in T. 25 N., R. 1 E .• unit A is thinner, a~d the marine sand-

stone is overlain by coarse -grained sandstone of unit B of the Fruitland-

Kirtland. 

In the NW 1/4 sec. 29, T. 25 N., R. 1 E. unit A is about 128 

feet thick. Here it consists of lower beds of carbonaceous silty shale 

overlain by the thick marine sandstone which is poorly exposed, but 

is probably about 60 feet thick. It has some coarse grains and contains 

casts of Ha.Iymenites. The marine sandstone is overlain by dark-gray 

to olive-green carbonaceous shale overlain in turn by coarse -grained 

sandstone of unit B of the Fruitland and Kirtland. The rocks of unit A 

at this locality were considered by Dane (1946, stratigraphic section 7) 

to be in the upper part of the Lewis shale. 

The stratigraphic sequence of unit A is about the same at expo-

sures on the ridge in theSE 1/4 NE 1/4 sec. 17, T. 25 N., R. 1 E. 

where there are two thick beds of brown to light-olive weathering, 

Halymenites-bearing sandstone separated by a bed of silty shale. The 

total thickness of the two sandstone beds and included shale is about 

85 feet. The sandstones are overlain by olive-colored and gray shale 
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with thin interbedded sandstone. This upper shaly part of unit A is 

about 86 feet thick and is overlain by a hard ledge -forming, light -tan 

sandstone at th~ base of unit B. The thin s3Lndstones in the upper shale 

of unit A thicken rapidly to the north from the point of measurement and, 

within a few hundred feet, most of the upper 86 feet of unit A consists 

of massive, ledge-forming, medium- to coarse-grained, cross-bedded 

sandstone. This sandstone, and the overlying hard, ledge -forming 

sandstone of unit B of the Fruitland and Kirtland, were included by 

Dane (1946, stratigraphic section 8) in the lower part of the Animas 

formation. 

The sandstone of the upper part of unit A and the basal sandstone 

of unit B, combined, form a prominent ledge, 60-100 feet thick, as far 

north as the center of sec. 4, T. 2 5 N. , R. 1 E. where the upper part 

of unit B is cut out by the Ojo Alamo sandstone which then rests on the 

sandstone beds of units A and B. From here north to the edge of the 

area the massive sandstone on the cuestas above the Lewis shale is 

composed of combined sandstone beds of the upper part of unit A, the 

lower part of unit B, and the Ojo Alamo. 

The Halymenites-bearing sandstone of the lower part of unit A 

is concealed or very poorly exposed for almost 2 miles north of sec. 

17, T. ZS N., R. 1 E. In the NW 1/4 NE 1/4 sec. 4, T. 25 N., R. 1 E. 

the upper part of the Lewis shale and the overlying cliff-forming 

sandstones are well-exposed in a landslide scar. Here beds equivalent 
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to the Pictured Cliffe sandstone are represented by several very thin 

sandstone ~ds intercalated with thick shale. Above this is a slope­

forming, greenish-g_l'ay, soft, silty, shaly sandstone about 35 feet 

thick which probably represents the lower part of the Halymenites­

bearing sandstone. This is overlain by sandy clay sh~le about 20 feet 

thick, in turn overlain by a bed of fine-grained sandstone 3. 5 feet 

thick which may be part of the upper Halymenite~-bearing sandstone. 

These beds are overlain by coarse -grained sandstone of the upper part 

of unit A which seems to rest on the rna rine sandstone with slight 

erosional unconformity. The soft sandy beds representing the lower 

part of unit A of the Fruitland and Kirtland were traced by their green­

ish color along the base of the overlying cliff-forming sandstones to 

the northern edge of the area. 

Unit B 

Resting with local erosional unconformity on unit A is a sequence 

of rocks probably equivalent to part of the Kirtland shale. These rocks 

are informally called unit B of the undivided Fruitland formation and 

Kirtland shale for convenience of discussion. The basal part of unit B 

is a fine-grained to very coarse grained sandstone, usually light yellow­

ish gray or buff, cross bedded1and contains at many places large 

masses of iray and white silicified wood. This sandstone is composed 

mainly of angulaT to well -rounded quartz sand and granules, but at 
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most places contains also grains of weathered pink and white feldspar, 

and pink and green rock fragments. At places, the sandstone contains 

small rounded gray, white, and red siliceous pebbles. The thickness of the 

sandstone variea considerably, ranging from only a few feet to as much 

as 75' feet. This basal sandstone of unit B seems to be continuously 

distributed along the eastern side of the area, but this conclusion 

cannot be demonstrated by tracing of the sandstone because of the 

discontinuity of outcrops. 

Above the basal sandstone, the rocks of unit B consist mainly of 

lig~t- to dark-gray, olive-green, and olive-gray clay shale with lesser 

amounts of interbedded white, buff, and yellow, fine-grained to very 

coarse grained lenticular sandstone. Much of the clay is silty and sandy, 

and the sandstone and clay beds intergrade vertically and horizontally. 

Some of the clay beds weather to purplish or reddish streaks. Benton­

itic clay is common. particularly in the beds immediately above the 

basal sandstone. The swelling of this clay during weathering causes 

the characteristic hummocky, cracked and fissured outcrops of parts 

of unit B. This characteristic of unit B contrasts with the characteris­

tics of clays in unit A which do not swell during weathering. The aspect 

of the •omber shale and sandstone of unit B is similar to that of the 

lower part of the Nacimiento formation in the southern and southeastern 

part• 'of the area. Unit B is persistent across most of the southern ancl 

eastel'n parts of the area but it v rie s in thickness be cause of an 
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erosional surface at the top of the unit. 

In the section measured by Dane ( 1936, p. 116) just south of 
. -

the present area in theSE 1/4 sec. 7, T. 19 N., R. 2 W. (see Fig. 3) 

beds correlated with· unit B are 143 feet thick, and are overlain uncon-

formably by coarse sandstone of the Ojo Alamo. In a complsite section 

mea•ured on the outlying butte in the SW 1/4 sec. 25, and on the 

topographic spur in the NW 1/4 sec. 25 and NE 1/4 sec. 26, T. 20 N., 

R. Z W., unit B is about 125 feet thick. The basal sandstone, about 20 

feet thick, consists of fine- to coarse -grained, pebble -bearing, cross-

bedded sandstone containing silicified wood. The lower part of the 

sandstone is resistant. Above this, unit B consists of soft white sand-

stone, and dark-gray to oliv~gray bentonitic shale with some soft 

sandstone interbedded. Unit B is overlain with slight erosional uncon-

formity by hard, ledge-forming sandstone of unit C. 

East of the Rio Puerco in the NW part of T. 20 N. , R. 1 W. and 

theSE part ofT. 21 N., R. 1 W. the lithology of unit B is similar to 

that described above. The thickness ranges from 63 feet in the NW 1/4 

sec. ZO, T. ZO N., R. 1 W. where it is overlain by unit C, to about 

130 feet in the NE 1/4 sec. 8 and NW 1/4 sec. 9, T. 20 N., R. 1 W., 

and about 85 feet in the NE 1/4 sec. 22, T. 21 N., R. 1 W. where it is 

o~erlain by the Ojo Alatno sandstone. The basal sandstone ranges from 

about 12 feet thick to rly 30 feet thick., and ranges from fine-grained 

to very coarse graine1. :-iere, and in the San Pedro Foothills, most 
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of the underlying unit A seems to be misssing, probably because of re-

moval by erosion prior to deposition of unit B. 

In the San Pedro Foothills the undivided Fruitland formation and 

Kirtland shale are discontinuously exposed, but unit B seems to be 

continuously distributed. Its thickness ranges from about 98 feet ne~r 

the center of sec. 11, T. 21 N., R. 1 W. to about 188 feet in the SW 1/4 -
SE 1/4 sec. 34, T .• 23 N. , R. 1 W. Unit B is -overlain by the Ojo Alamo 

sandstone here and in the Northern Hogback Belt. 

In the Northern Hogback Belt, unit B is relatively thin as far north 

as the southern part ofT. 24 N., R. 1 E. In exposures ~m the abandoned 

Gallinahighwaynearthe center of sec. 22, T. 23N., R. 1 W. unitB 

rests on rocks assigned to unit A, The basal sandstone of unit B is 

tentatively identified as the eros s -bedded sandstone about 43 feet thick, 

and about 95 feet above the top of the Lewis shale. Above this is olive-

green to olive -gray shale about 31 feet thick, overlain by poorly exposed 

sandstone more than 3 feet thick. The upper part of unit B is concealed, 

as is the Ojo Alamo sandstone which is believed to overlie the Fruitland 

and Kirtland. Mr. R. L. Reed reports that a water well penetrated 

coarse, conglomeratic sandstone about where the Ojo Alamo should be 

expected in the valley southwest of the exposures of the Fruitland and 

Kirtland. Poor exposures of soft coarse sandstone assigned to the Ojo 

·Alamo were observed at the edge of a small alluviated valley north of 

here. 
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In the NE 1/4 sec. 15, SE 1/4 sec. 10, and SW 1/4 se c. i 

T. 23 N., R. 1 W. the basal sandstone of unit B forms a atron &. r y 

vertical hogback or rib rising above the valley. This sand.tone :.'!"· wh.J.te 

and is composed of eros s~l:Edded, we ll~emented, fine- to coa.ra~-gralnea 

sand containing numerous s i licified logs. The basal sandstone oi uc.it B 

at this locality is strikingly similar to the basal sandstone in sec . 2 5, 

T. 20 N. , R. 1 W. The san dstone is apparently a stream-channel 

deposit, being thickest (about 40 feet) in the SW 1/4 sec. 11, and r est­

ing unconformably on a thin remnant of unit A. This sandstone probably 

is the unit assigned to the Ojo Alamo by Dane (1946, stratigraphic se ctior1 

2); however, the present writer found that the sandstone is overlain b y 

gray shale and interbedded sandstone similar to the upper part of unit 

B farther south. On the lower slope of the hill west of the rib, soft 

coarse -grained, conglomeratic sandstone assigned by the present writer 

to the Ojo Alamo is exposed poorly . 

The Fruitland and Kirtland and the overlying Ojo Alamo sand­

stone are well exposed along the ridge in sec. 2, T. 23 N., R. 1 W. 

In the NE 1/4 of this section unit B is a little more than 60 feet thick. 

The basal sandstone forms a low ridge of fine- to coarse -grained 

sandstone about 9 feet thick. This is overlain by light- to dark-gray 

and olive -green, silty clay shale and bentonitic shale containing lenti­

cular sandstone, all about 42 feet thick . This is overlain by medium­

to coarse -grained, ledge -forming sandstone containing lenaes of pebble 
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conglomerate at the base. This conglomeratic sandsto~e, a.b ut 94 \eet 

thick, is assigned to the Ojo Alamo. To tb~ north in eec. 36, T. l4 N., 

R. 1 W. near the south end of the long ridg~ florth of Almaare An·oyo, 

the Fruitland..:Kirtland and Ojo Alamo seq~uce are titnilar to that 

. described. above. 

At exposures in theSE 1/4 NE 1/4 s-ec. 3-0, T. z• N ... R.. 1 E. · 

near the Northcutt Ranch, the basal sandstone of unit B ia ~ntatively 

identified as a hard, brown-weathering sand8tone 3 feet thick, which 

seems to rest unconformably on the softer marine sandstone of unit A.: 

The beds overlying the hard sandstone are poorly exposed dark-gr.-.y 

sandy clay shale about 30 feet thick. These beds are overlain by p(,orly 

exposed pebble -bearing sandstone of the Ojo Alamo. 

On the ridge in sees. ZO and 17, T. Z4 N., R. 1 E. a poorly 

exposed pebble -bearing, coarse -grained sandstone containing silici­

fied wood is probably the basal sandstone of unit B. In the center of 

sec. 20 this sandstone seems to be resting on fine- to medium-grained 

soft marine sandstone of unit A, but exposures are too poor to be 

certain. To the north, in sec. 17, unit.A thickens and the basal sandstone 

of unit B rests on shale and interbedded sandstone of the upper part 

of unit A. It is possible that the sandstone here called the basal sandstone 

of unit B is a part of the Ojo Alamo, but the basal sandstone is overlain 

by gray sandy shale, in turn overlain by a thick soft sandstone which crops 

out sporadically, and is assigned to the Ojo Alamo. The outcrops are too 

71 



poor and too discontinuous to be certain, but rela ••• 
seem to be correct. 

Near the center of sec. 8, T. Z4 N. • • 1 S • . 

stone of unit B seems to be a ledae-formiq. t yellowbh c.-ay, 

medium-grained sandstone about 74 feet thick. d cont&inina •illcified 

wood. The upper part of this saudatone is poorly expoaed. &.oa ovel'lyj.na 

beds are concealed at the point of measurement. However, -'dM area 

immediately west of this sandstone is a low~ 1'011ndecll:till which probably 

is held up by the Ojo Alamo sandstone. The _exposed sandstone assigned 

to unit B seems to correlate with a westward-tbiJlllina aaDdstone beneath 

the Ojo Alamo in the subsurface farther west (.Fig. 6). 

On the ridges between Arroyo Blanco and Canyoucito de las Yeguas, 

the undivided Fruitland formation and Kirtland shale are exposed better 

than to the south, but the outcrops are discontinuous. In sec. 5, T. 24 
' 

N., R. 1 E. rocks equivalent to the Pictured Cliffs sandstone and unit 

.A are well exposed. Here the upper marine sandstone of unit A seems 

to be overlain directly by fine- to coarse-grained, ledge-forming 

sandstone containing silicified wood. These combined sandstone beds 

are about 100 feet thick, and no sharp lithologic contact wa.s observed 

between the lower part, which is fine- to medium-grained, and the upper 

part which contains coarse grains and silicified wood. It is possible 

that the upper part is the basal sandstone of unit B, and that the con-

tact with the underlying sandstone of unit A is obscured because of 
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reworking. This postulated relation•hip would be similar to th.&t which 

can be obeerved in outcrops in sec. 17, T. ~S N. • R. 1 E., ~ "Nh.ich 

was described in the discussion of unit A (p. 6S). The •and•t-Qtle 'Which 

contains silicified wood is overlain by poorly espo•ed olive-areen and 

dark-gray shale assigned also to unit B. Low tandy hills west of tbia 

shale are probably underlain by the Ojo Alamo aandstone. Exposur-e• 

are quite similar in the NW 1/4 sec. 3l, T. 2S N •• R. 1 E. Here dltr: 

upper, ledge-forming part of a sandstone, on which an Indian ruin i• 

situated, is believed to be the basal sandstone of unit B. Softer, fine· 

grained sandstone below the resistant sand•tone is probably part of 

unit A. 

In the NW 1/4 sec. 29, T. Z5 N., R. 1 E. the basal sandstone 

of unit B forms a ledge about 20 feet thick consisting of li&ht-tan, fine­

to coarse-grained sandstone. The upper part of this sandstone is con­

cealed as are the overlying 50 feet of beds. West of this is a low sandy 

hill probably underlain by the Ojo Alamo sandstone. The sequence in 

the NE 1/4 sec. 17, T. 25 N., R. 1 E. is similar. Here the basal 

sandstone of unit B contains silicified wood, is about 14 feet thick, and 

forms a strong ledge above shale of the upper part of unit A. Dane 

(1946) tentatively correlated this sandstone with the Ojo Alamo. North­

ward, beds of the upper part of unit A thicken and, with the overlying 

basal sandstone of unit B, form a massive ledge 60-100 feet thick. 
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These rock• were aeaigned to the Anima• fo&-mation by Dane (1946J , 

atratigrapbic section 8). In the SE 1/. SJ: 11• aec~ $, T. Z5 N,, a. 1 E. 

the baeal eandatone of unit B ie overlain by poorly expo••d cray ud 

olive -green shale eatimated to be about 100 feet thick. "Theae beda are 
\ 

believed to be the upper part of unit B, and are overlal.ta by a le4ae-

formini, thick, coarae -grained, pebble ·bearini aandatone correl&t•ci 

with the Ojo Alamo. 

Near the center of sec. 4, T. ZS N., ll. 1 E. tbe upper ahale of 

unit B is cut out by a •lightly angular eroaional unconformity, and the 

Ojo Alamo sandstone rests on the combined aandstones of unit Band 

unit A from here to the northern edge of the area. Locally, &I in the 

SW 1/4 sec. Zl, thin remnants of the upper shale of unit B intervene 

between the sandstones of the Fruitland-Kirtland and the Ojo Alamo, 

and facilitate the mapping of a contact between the sandstonea. Else-

where the contact is drawn at a topographic notch 60-100 feet above 

the base of the Fruitland-Kirtland sandstone beds. This contact ia 

only approximate at most places. 



UnitC 

Re•tin& on unit Bin the •outheaatent. part of the areal* a unit 

conehtina of thick~ ledae-formiQJ, flu•"' ccta""•lrAll;utcl atone 

bed• with ao~ iatercalated alope-formiD.a bed.• ofcla.-k•ti'&J. oU 

green, and purplhh ahale and fine•arainecl aanclatou. TheM aoocka , 

here called informally unit C of the UQdivide<l F~tland f~~cm -~4 

Kirtland ahale, are eimilar to the overlyiDJ Ojo Alamo a~tle. llc)w­

ever, the rock• of unit C are eeparated from overlyin1 an4 .... 1'lyillf 

rocka by eroeional unconformitie•. 

In the NE 1/4 eec. 26, T. ZO N., R.. Z W. the aand~ •114 

interbedded shale of unit C are well expoeed on an ea•twarcl-projectiDt 

spur of Meea Portal (Fia. 3). T~ eandetone bed• hold up two promi­

nent topoaraphic benche • eeparated by dope -formin1 ehale &Del are 

similar to the overlyina Ojo Alamo eandetone which cape Weaa Porlal. 

On the epur the eandstone and interbedded ehale of unit C are about CJO 

feet thick. Southward alona the eaet •ide of Meea Portal the two eand­

etonee of unit C znerae to form a maaeive, cliff-formina unit almoet 

100 feet thick at places in the eecarpment of the mesa. Althouah the 

I&Ddetone 1 of unit C are pe rehteDt for coneiderable diltancee their 

thickne11 i1 erratic, and locally they arade laterally into shale. In 

place• the eand•tone of unit C i• overlain by ehale. in tum overlaiD 

unconformably by the pereietent Ojo Alamo aaacl•tone which il 50-100 

feet thick and which calM Wee a Portal. At aeve ral place • on the eaet 
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face of Mesa Portal--notably in the NJ; 1/tf. NW 1/4 aec, 35, T. 20 N •• 

-R. Z W. --the Ojo Alamo sandstone thidu!na abruptly. and the e.ro•iOtl 

surface at its base cuts out the shale a1 tt.e top of unit C, ud •••~ cuts 

out most of the thick sandstone of unit C. Noar ~ •outhe••t•r• •tW• 
of Mesa Portal (south of the present a%eal the aa.nd•tone• of unit C 

wedge out laterally into shale and, at the -end of the u.aa the Ojo Alamo 

rests on shale equivalent to the sandstones of uit C. 

North and northeast of Mesa Portal, Oil both sides of the Rio 

Puerco, sandstone beds of unit C hold up topographic benches below 

the Ojo Alamo. In the NW 1 I 4 sec. ZO, T. ZO N., R. 1 W. UDit C is 

about lZO feet thick. The lower sandstone is about 40 feet thick but 

its thickness varies considerably along the outcrop because it rests on 

a channeled erosion surface at the top of unit B. The medial shale and 

soft sandstone of unit C are almost 55 feet thick. The upper sandstone 

is about Z 5 feet thick and locally forms a ledge beneath the Ojo Alamo. 

The thickness of the upper sandstone varies considerably because it 

locally grades laterally into shale. At places this sandstone is overlain 

by olive-gray shale, but at other places the shale is cut out by an 

erosional surface at the base of the Ojo Alamo. Unit C appears to have 

been truncated by the Ojo Alamo sandstone in the eastern part of sec. 8, 

T. ZO N., R. 1 W. where the total thickness of the undivided Kirtland 

shale and Fruitland formation is about 1Z6 feet in contrast to a thickness 
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of 246 feet west of the Rio Puerco. 

The beda of unit Care not lalowa to ocq&' at the •urf&c• 

the eaatern part of the area except •t tbe 

The sandatone bed• in the upper part of the "ndtlad aa4 IUKs-4 ill 
. & • 

the SW part ofT. 20 N., R. 5 W. are probably -eqaiv&l•llt to ua'it C. 

These rocks are abaent locally to the eaat. It ia po•alble da&t ~ C 

il actually equivalent to the rocka in the Northero Hoaback Belt~ 

were correlated with unit B, but aubaurface data ... IQ to in4iCJ$41 ~ 

the rocks equivalent to unit C are not preaent at the aurface in the 

Northern Hogback Belt. 

Subsurface Correlationa 

Units A, B, and C of the undivided Fruitland formation and 

Kirtland shale can be recognized in the subaurface of the area inveati-

gated. The units were not deaignated on the aubaurface correlation 

diagrams, but their approximate position• can be determined by com-

paring the surface stratigraphic sections in Figure 3 with the equivalent 

sections on Figures 6 and 7. 

In the subsurface of the aouthern part of the area, unita A and 

B are represented mainly by shale containing beds of thin siltstone and 

carbonaceous sandstone and, near the baae of unit A, a few thin bed• of 

coal or coaly shale. In the central part of the area, in the interval of 

unit A, there are several thin beda of siltatoM and ahaly l1De-ar•tw4! 
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aandstone inte rbedcled in thick h le. TM •ilUtou ad •a.ndstone ct. 

persbt northw_ard and thicken 1 a.d~y until, in the JWrthern ~rt of 

the area, the beds pass into fine • grainecl •&nclatooe • .U nwr1e to iOrlll 

a unit of sandstone 60-80 feet thick. Thb ••datou eorr•late• ..tt)\ the 

Halymenites-bearing marine sandstone of unit A expoaecl at th~ a\&l'~ce 

in the Northern Hogback Belt. 

Above the sandstone, siltstone, and ahak of unit A is anothe.r 

similar sequence of thin siltstone and fine -arailled sandstone which 

thickens northward and correlates with the basal sandstone of unit B 

in the Northern Hogback Belt. This sandstone, locally 60-80 feet 

thick, is a conspicuous bed below the Ojo Alamo and a,bove the Haly­

menites-bearing sandstone in logs of wells drilled in the eastern part 

of the basin in Tps. 23 and 24 N., R. 1 E. and R. 1 W. The sandstone 

beds of unit B thicken also eastward (Fig. 7). 

Sandstone and shale of unit C seem to be fairly persistent in the 

subsurface across the southern half of the area, and probably correlate 

with sandstone and shale in the upper part of the undivided Fruitland 

formation and Kirtland shale (the upper part of the Kirtland shale as 

mapped by Dane, 1936) in the SW part ofT. 20 N., R. 5 W. The sand­

stone beds of unit C seem to thin to the northeast and north across most 

of the area, and grade into shaly sandstone and_ siltstone interbedded 

in shale. The•e upper beds of the Fruitland and Kirtland are locally 

cut out by the Ojo Alamo sandstone, and in the east-central and north-

78 



eastern part of the area the top of th~ F~it!and-Kirtla.nd seeme to b 

below the stratigraphic position of unit C , 

The erosional unconformities betw~~n units of the up(iivi~d 

Fruitland formation and Kirtland shale in outcrop areae along the 

eastern edge of the Central basin are pret-ent alao in the •ubsurface 

along the eastern margin of the basin. Thi• is shown by the uneven 

thickening and thinning of parts of the Fruitland and Kirtland ~~e-trated 

by wells. However, in the subsurface of most of the area the units of 

the Fr).litland-Kirtland are nearly parallel. Across the southern part 

of the area between exposures west of the .Rio Puerco and the Hancock 

No. 1 Brown well in sec. 33, T. 21 N., R. 5 W. units A and B increase 

in thickness from about 155 feet in the east to about 280 feet in the west. 

This suggests a slightly angular erosional unconformity at the base 

of unit C. Evidence of erosion was observed at the base of thie unit at 

surface exposures in sec. 20, T. 20 N., R. 1 W., and on· the eastern 

side of Me sa Portal. 

General Discussion 

The lithology and fossils of the units of the Fruitland formation 

and Kirtland shale give evidence of the environments in which they were 

deposited. The sediments of unit A probably were deposited in a marine 

and brackish-water environment as indicated by their fine -grained, 

even-bedded nature, and by their content of coaly material aad 
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marine fossils. The "Lewis shale" florule and faunule of Andersvn 

(1960, p. 8) was collected from roc.k.a in the NE 1/4 sec. 4. T. 2.5 N , 

R. 1 E. which the present writer assigns to the midc;Ue pal't of t,mlt A 

of the Fruitland and Kirtland. On the basis of contained spore• ~ pollen. 

foraminifers, dinoflagellates, aud hystrichosperids, Anderson -eonclu~ 

that the sediments were deposited in brackish water. Halyme~•,which 

is common in the sandstones of unit A, is of uncertain affinities. but i~ 

the San Juan Basin it seems to occur only in marine rocks. T~ mari~ 

pelecypod Inoceramus sp. also occurs at places in these sandstone'S. 

The basal sandstone of unit B in outcrop areas has the general 

lithologic characteristics of stream-channel deposits and contain• ~bun.., 

dant fossil wood indicating a terrestrial environment of deposition. The 

carbonaceous bentonitic shale and fine-grained sandstone of the upper 

' 
part of unit B indicate deposition in still water in swampy or lacustrine 

environments. The Kirtland shale flo rule of Anderson (1960, p. 5) 

was collected in the east-central part of sec. 8, T. 20 N., R. 1 W. 

from rocks assigned to unit B. The florule is said to be spores and 

pollen of vegetation of the immediate area deposited in a swampy envir-

onment. 

The rocks of unit C exposed at the surface also s~em to have 

been deposited in stream-channel and floodplain environments. Sand-

stone beds of the undivided Fruitland formation and Kirtland shale 

range in grain size from very fine to very coarse, and contain small 
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pebbles at places. Some of the fine- to me-dium-grained sand is well­

rounded grains of quartz probably derived .from the •ource area• to the 

southwest which supplied the sediment of older Cret&ceou• rocks. How­

ever, much of this sand could have been derived also from eroei-on·and 

reworking of older Cretaceous rocks. 

The lithology of many of the sand,tone beds of the Fruitland .... 

Kirtland is dissimilar to the lithology ~f the underlying Pictured Cliffs 

sandstone and the Mesaverde group, and indicates source terranes 

different from those of most of the older Cretaceoua rocks. Much of 

the sand of the Fruitland and Kirtland is composed of coarse -grained 

to granule-size, angular to subangular quartz, pink and green chert 

and rock fragments, and pink and white feldspar fragments. Pebbles 

consisting of quartz, quartzite, chert, and volcanic rock are present 

at places. The stratigraph·ically highest rocks of the Colorado Plateau 

~·egion from which materials of this type could have been derived are 

those of the Dakota sandstone of Early(?) and Late Cretaceous age. 

Rocks of the Morrison formation (Jurassic) also contain material of 

this type. The feldspar fragments in the Fruitland-Kirtland sandstones 

do not necessarily indicate a source terrane of Precambrian granitic 

rocks, inasmuch as arkosic rocks occur in the Chinle formation 

(Triassic), the Cutler formation and equivalent rocks (Permian), and 

the Magdalena group and equivalent rocks (Pennsylvanian) in uplifts 

bounding the San Juan Basin. 
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The Halymenites-bearing marine aandatone of unit A i• rnpoeed 

mainly-of fine- to medium-grained sand but C:OQtains a few bed• of coarse­

grained sand. This sand also contain& biotite and other ~rrom ... neli&n 

minerals and is slightly different from the Pictured Clitia .a-.ndatone. 

The bentonitic clay shale of the Fruitland-Kirtland ie consider­

ably different from the shale of unde rlyina Cretaceous -{tlrrnationa. The 

bentonitic shale probably is altered volcanic ash. To ~eraliae. ••cU­
mente of the Fruitland-Kirtland sequence reflect tectonic clumae• iD the 

San Juan Basin and adjacent regions and are the oldest ctirect evideaee 

of Laramide disturbances in this region. 

The changes in thickness and grain size of the rock! of tbe 

Fruitland and Kirtland give evidence of the direction of source areas of 

sediments of the units. As previously discussed, the Pictured Cliffs 

sandstone of the present area was deposited probably as near-ahore and 

neritic sediments derived from regions south of the present area of 

investigation. Dane (1946) has shown that the Pictured Cliffs sandstone 

of the northern part of the San Juan Basin thins and wedges out southward 

north of the pre sent area, indicating that late in Pictured Cliffs time a 

part of the Cretaceous sea was restricted into an embayment {Fig. 10) 

in the eastern part of the Colorado Plateau. The sediments of unit A 

in the southeastern part of the area are shale containing coaly beds and 

thin sandstone deposited in a brackish environment at the southern edge 
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of the embayment of the Cretaceous aea. Similar rocke of .e Fruitland 

formation were deposited on the northern edge of the ~mba' JXlent {Zapp. 

1949; Wood, Kelley, and MacAlpin, 19•8i Dane, 194~). Dudna <le-p<>ti­

tion of these rocks the region of the Central basin mu•t bav• aubsicled 

and the marine waters deepened and spread laterally. · The ue-. of the 

Nacimiento uplift may have been a shoal area on which eedin::sents of 

unit A were very thin. The Halyrnenites-bearing na.rine sandstone of 

unit A thickens and coarsens northward, and its sedilnents were de­

rived probably from a highland rising north of the marine embayment 

in the vicinity of the pre sent San Juan Mountains. 

After the deposition of unit A, slight folding occurred on the 

eastern margin of the San Juan Basin, ancl rocks of unit A were slightly 

eroded on the edge of the basin. Terrestrial deposits of unit B then 

were laid down on unit A. The sandstones of unit B grade laterally 

into thin persistent beds of shaly sandstone and siltstone enclosed in 

thick shale in the subsurface of the southwestern part of the area. This 

gradation takes place both westward and southward, indicating that 

source areas of these sediments were east and northeast of the present 

San Juan Basin. The distal (western) parts of the sandstones of unit B 

are so fine-grained and persistent in the subsurface that they appear 

to have been deposited in a marine or lacustrine environment. Possi­

bly this environment was a remnant of the former embayment of the 

Cretaceou1 sea isolated (or nearly isolated) from the eastward-
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in the San Pedro Foothills the basal sandstone of unit B cuts out all of 

l.;Ulit A and rests on rocks equivalent to the Pictured Cliffe with sli&ht 

~rosional unconformity. 

The contact of the undivided Fruitland fol"mation and Kirtland 

shale with the overlying Ojo Alamo sandstone is \lnctmformable. At all 

localities where the contact was observed it is erosional. 

:!Je and Correlation 

Other than unidentified fossil wood, the only fossils found by 

the writer in the undivided Fruitland formation and Kirtland shale in 

the present area are Halymenites (a fossil which may be a marine 

fucoid alga, or a fossil bu~row of a marine organism), and Inoceramus 

sp., a marine pelecypod. Both of these forms indicate Cretaceous age. 

Vertebrate, invertebrate, and plant fossils were collected from 

the Fruitland formation and Kirtland shale in the southwestern and 

western parts of the Central basin by several workers. Gilmore (1916, 

p. 279-281) discussed the vertebrate fossils which include remains of 

dinosaurs, turtles, crocodiles, and fish, and concluded that the Fruit­

land and Kirtland (and the Ojo Alamo) are older than the latest Cretaceous 

rocks (Lance formation) of Wyoming and Montana. Stanton (1916, p. 

309-310) discussed nonmarine Cretaceous invertebrates from the 

- Fruitland formation. He concluded that both bt·ack.ish-water and fresh­

water forms occur, and that the Fruitland formation is older than the 

85 



Lance formation. In a discussion of the flora of the Fruitland 

Kirtland, Knowlton (1916, p. 329-331) coru::luded that the Fruitl.an 

and Kirtland are of Montana age. Reeside (1"9~4, p. Z') aun,una .. : e 

the evidenc~ provided by fossils and concluded th•t the J'~tla:r4d orm-

ation and Kirtland shale contain closely related floras and faunae. a 

that both are of late .Montana age, poaaibly ~qui valent to part or 

Pierre shale and part of the Fox Hills aandetone of the region 

the Rocky Mountains. The Fruitland and Kirtland, then, an t:o 

considered as being of Late, but not latest, Cretaceous age. 

The units of the Fruitland-Kirtland sequence of the preeeAt rea 
I 

cannot be correlated with certainty with units of the Fruitland and Kil:'~-

land on the western side of the Central basin. The carbonaceous shale 

and sandstone of unit A are almost certainly equivalent to part of the 

Fruitland formation which is 250-530 feet thick in the northwestern part 

of the Central basin (Reeside, 1924, p. 20; Barnes, Baltz, and Hayes, 

1954). Unit B may be equivalent also to part of the Fruitland, or it 

may be equivalent to the lower member of the Kirtland shale as would 

seem to be indicated by comparison with Dane's (1936, p. 113-116) 

description of the Kirtland of the southern part of the Central basin. 

The sandstone beds of unit B in the present area grade westward in the 

subsurface into rocks which may be marine. Dilworth (1960, p. 25) 
. -

reported foraminifera occurrins near the middle of the Farmington 

sandstone member of the Kirtland ahale, poasibly indicating that the 
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lower member of the Kirtland shale anil part of the Farrnin.gto • 

stone are of marine, OT at least brackiah-w-.ter, origin. on the we te:rn 

side of the Central basin. Unit C is very aimil•r to be~& o! th~ F~rnd~& ... 

ton sandstone member of the Kirtland shale. It is po•aib).~ •l•o that u.nit 

Cis equivalent to the low~r shale and lower thin conglomentic sanciatone 

assigned to the "typical" Ojo Alamo on Ojo Alamo and ~rt>el Spring 

Arroyos by Bauer (1916, p. 276). 

The bentonitic shale beds in units B and C are p'rob.ably altered 

volcanic ash and this suggests a correlation with volcanic rock• of the 

McDermott member of the Animas formation (Barnes, B&lt~. and Hayes, 

1954; see also Ree side, 1924, p. 24-28). However, the Wl'iter and R. B . 
• 

O'Sullivan found cobbles of andesitic rock in the Farmington sandstone 

member of the Kirtland shale northwest of Farmington; thus, the presence 

of volcanic material does not automatically indicate equivalence to the 

McDermott which lies above the Kirtland shale. Also, the presence of 

siliceous pebbles in units B and C does not necessarily indicate equiva-

lence to pebble-bearing rocks of the McDermott (see Reeside, 1924, 

p. 26), inasmuch as siliceous pebbles occur also in sandstone included 

in the upper part of the Kirtland by Barnes, Baltz, and Hayes (1954), 

and in sandstones included in the upper part of the Kirtland by Reeside 

(1924, pl. 1) west of Pinyon Mesa northwest of Farmington. 

The southward-thinning marine sandstone of unit A is probably 

the subsurface unit called the "northeast lobe" of the Pictured Cliffs 
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by Silve_r (1950, p. 112). On the baai• of reconnaissance exam· ti.on 

oi rocks of the northea•tern and nortbe rn pa:~u ot the San JQn lSa.ein, 

the present writer believes that the marine • dstone of unit A ia 

equivalent to •andstone beds in the upper part of the Fruitland forma­

tion or in the Kirtland shale of the northern part of the basin. TW.. 

the marine sandstone of unit A probably is yeunger than the ElOrthern 

part of the Pictllred Cliffs which is probably about the same age a• 

the Pictured Cliffs in the present area. 

Shale and fine- to coarse-grained, even-bedded sandstone 

assigned by Wood, Kelley, and MacAlpin (1948) to the Kirtland and lower 

part of the Animas formation ("-zone of intertonguing between Kirtland 

and Animas") southwest of Pagosa Springs, Colorado, are probably a 

near-shore facies of the marine rocks of unit A. R. B. O'Sullivan 

and the writer found petroliferous fossiliferous limestone in these rocks 

south of Pagosa Springs. 

Ojo Alamo Sandstone 

Definition 

Tertiary(?) Rocks 

Above the undivided Fruitland formation and Kirtland shale ie 

a thick, persistent, fine- to coarse -grained, locally conglon1e ratic 

sandstone of varied thickness. This sandstone was first mapped as 

the lower part of the Puerco formation by Gardner (1909, pl. 1; 1910, 
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pl. 2). _Renick (1931, p. 52) also mapped tlle thick sandstone Jyin on 

the Fruitland and Kirtland {part of which he included with the Le is 

shale) as the lower part of the Puerco formation. 

Dane (1936, p. 117) found that the tandstone m&pt>ed •• • 

lower part of the "Puerco formation" by Gardner and by Reniclt could 

be traced southwestward into beds .named the Ojo Alamo sandstOJlP. b)'" 

Bauer (1916, p. 275-276). The type locality of the Ojo Alamo st 

is on Ojo Alamo Arroyo in the NW part ofT. 24 N., R. 11 W. in 

southwestern part of the Central basin near Ojo Alamo store. Here the 

Ojo Alamo sandstone is said by Bauer (1916, p. 276) to consist of •n 

upper conglomerate, 25 feet thick, resting on a medial unit consisting 

of wine -red and bluish-gray banded shale interbedded with lenses of 

gray-white, soft sandstone, all about 34 feet thick. The medial shale 

rests on a basal unit of poorly consolidated pebble conglome_rate 9 feet 

thick. According to Bauer the medial shale unit pinches out laterally , 

and the upper conglomerate rests on the lower conglomerate. At the 

type locality the Ojo Alamo sandstone is overlain by rocks formerly 

classed as the Puerco formation (the Nacimiento formation in present 

terminology) aud is underlain by beds called the Kirtland shale by Bauer, 

and the ~'McDermott formation11 by Reeside (1924, p. 28). Reeside 

(1924, p. 26) showed that beds he correlated with th~ McDermott forma­

tion {the McDermott member of the Animas formation of Barnes, Baltz, 
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and Hayes, 1954) pinch out east of the type locality, a.nd the Cjo Alaxno 

:e.sts on the upper part of the Kirtland shale in most: oft 

part of the Central basin. 

a.authern 

Th~ Ojo Alamo sandstone of the present report is mapped gen-

erally the same in the southern part of the present .area as th~ Ojo 

Alamo of Dane ( 1936, p. 116-12.1, and pl. 39), although locally the 

lower boundary is not the same. Dane (1946) indicated that the Ojo 

Alamo is present on the eastern side of the San Juan Basin aa far north 

as T. 2.5 N., R. 1 E. The rocks mapped as Ojo Alamo in the Northern 

Hogback Belt by the present writer are not the same as those assigned 

to the Ojo Alamo by Dane ( 1946) as is explained below. 

Extent and Thickness 

The Ojo Ala.Ino crops out in an irregular band above the undivided 

Fruitland formation and Kirtland shale almost continuously across the 

southern tier of townships (T. 2.0 N., R. 1-5 W.) of the present area 

of investigation where it caps northward-sloping cuestas. The rocks 

dip in northerly directions and the Ojo Alamo forms steep cliffs facing 

south, southeast, and southwest. According to Dane (1936, p. 12.1) the 

thickness of the Ojo Alamo is about 170 feet just west of San Ysidro Wash 

(Arroyo San Ysidro on Figure 2. of this report). In a com?osite section 

measured in the NW 1/4 NE 1/4 sec. 2.3, T. 2.0 N., R. 2. W. the Ojo 

Alamo is 70 to 80 feet thick (excluding the sandstones of unit C of the 
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Fruitland and Kirtland that were mapped with the Ojo. Alamo at thb 

place by Dane, 1936-). Eaet of the Rio Puel."co, the Ojo .Alam9 t:rib 

northeast and forme northweet-eloping cue•tu. In the SJ!;: 1/4 NE l/-' 

of 1ec. 8, T. 20 N., a. 1 W. the Ojo Alamo ie a little more than 60 

feet thick, a.nd in the S 1/2 NE 1/4 sec. 2Z., T. 21 N~. a. 1 W. the 

Ojo Alamo ia 91 feet thick. 

In the San Pedro Foothills the Ojo Alamo • ndatone dips steeply 

west, and in places it is vertical or slightly overturned. Here the 

Ojo Alamo forma low. rounded ridges exposed in the walls of the 

canyons which drain San Pedro Mountain. In the SE 1/4 SW 1/4 sec. 

11, T. 21 N., R. 1 W., the Ojo Alamo is 113 feet thick. The Ojo Alamo 

is well exposed along an abandoned irrigation ditch on the north side of 

San Jose Creek in the SW 1/4 NE 1/4 sec. 34, T. 23 N., R. 1 W. where 

it i8 about 90 feet thick. 

In the Northern Hogback Belt the Ojo Alamo is soft and poorly 

exposed or covered at many places, but there are a sufficient number of 

outcrops to establish its identity and persistence in this region. In sees. 

10 and 15, T. 23 N., R. 1 W. the pebble-bearing Ojo Alamo is poorly 

exposed on the slopes west of the high rib of the. basal sandstone of unit 

B of the Fruitland and Kirtland. The Ojo Alamo forma low, northwest­

dipping ridge• of conalome ratic sandstone in the northeastern part of 

T. 23 N., R. 1 W. and near the southeastern corner ofT. 24 N., R. 1 W. 

In the NE 1/4 sec. 2, T. 23 N.· , R. 1 W. the Ojo Alamo ia about 
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110 feet thick. Near this locality a thin sandstone correlated by Dane 

19-t6, atra.ti1rapbic section 3) w~th the Ojo Alamo is believed by the 

pree•t writer to be equivalent to the coarse-grained sandstone at the 

base of unit B of the undivided Fruitland formation and Kirtland shale. 

In sec. 30, T. 24 N., R. 1 E. the Ojo Alamo forms a poorly 

exposed low ridge of pebble-bearing sandstone just east of the Northcutt 

Ranch. IntheSE l/4sec. 20, T. Z4N., R. IE. theOjoAlamois 

tentatively identified as a poorly exposed yellowish sandstone lying 

just west of the ranch road. A light-gray sandstone containing silicified 

wood on the low ridge just east of the road is correlated with the basal 

sanclatone of unit B of the Fruitland-Kirtland. North of here in sec. 17 

the Ojo Alamo forms a low ridge and rests on dark-gray and black shale 

aigaed to the upper part of unit B. The basal sandstone of unit B 

containing fossU wood and a few small pebbles occurs on the wooded. 

rid1e eaat of the Ojo Alamo. Northward from here to. the northern part 

ofT. ~S N., R. 1 l!:., the Ojo Alamo is very poorly exposed but crops 

ut places where it forms low hills lar1ely maaked by sandy soil. 

Along the Forest Service road in the SE 1/4 sec. 8, T. 25 N., 

• 1· E~ .- a thick sandstone correlated with the Ojo Alamo rests on dark 

flliv• abate of the uppe:t:' part of unit B of the Fruitland and 

rtlUd .. The. ea11Dtone in the NE 1/4 sec. 17, T. 25 N., R. 1 E. 

-~ (19..0. ttratiaraphic section 8) specifies as being about 100 

lee a the bas• of tlie Animas. formation and correlates doubtfully 
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with the Ojo Alamo is correlated with the basal sandstone of \lllit f 

the Fruitland-Kirtland by the present writer. Northward. from he :re t 

Ojo Alamo is more resistant to erosion an-d forma westward-sloping 

ridges. It caps a high cuesta in T. 26 N., R. 1 E. where it re•ta 

directly on sandstone of the Fruitland and Kirtland. In the SW 1/4 SE 1/4 

sec. 33, T. 26 N., R. 1 E. the Ojo Alamo is nearly ZOO feet thick and 

rests unconformably on sandstone, about 53 feet thick, of unit B of the 

Fruitland and Kirtland. These combined sandstones were classified as 

the basal sandstone of the Animas formation by Dane (1946 and 1948). 

The Ojo Alamo caps the high cuestas from here to the northern edge of 

the area and rests on sandstone of the Fruitland and Kirtland from which 

it can be differentiated with certainty at only a few places. 

In the subsurface the Ojo Alamo is distributed continuously 

throughout the area. In the southern part of the area the Ojo Alamo 

ranges in thickness from 80 to 100 feet, and thickens gradually to the 

north or northeast as it does at the surface. The thickening takes place 

as sandstone tongues in the lower part of the Nacimiento formation thicken 

northward and merge with the underlying Ojo Alamo sandstone (Figs. S 

and 6). In the northern part of the area the Ojo Alamo ranges in thick­

ness from about 180 feet to about 200 feet. 

Lithology 

The Ojo Alamo sandstone is composed of several beds of buff, 
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thin beds are highly ferruginous and ru•ty W4t•1~~a:q.. H 

at places it was found that the sand1~one se¥ rala,cae 

weathered surface is much more friable tha t 

is possibie that the Ojo Alamo is indurated 

at tb ... ~~., 

tbe eurfa~ M 

where it is buried beneath younger rocks bee: •• IDin~ral.-beal'inl 

water "bleeds" out 0f the- sandstone, evaporate 

surface of the sandstone, and deposits mineral ~tter 'between the 

grains. 

Tangential cross bedding characterizes the formation. but at 

most places the several beds of sandetone tend to weather ae massive 

units. In the southern part of the area, the lower half, approximately, 

of the Ojo Alamo forms a massive cliff. The upper half is more highly 

cross bedded and less resistant, and forme rounded slopes and ledge• 

set back from the cliffs of the lower half. 

The sandstone and conglomerate of the Ojo Alamo a:re mainly 

overlapping stream channel deposits. Silver (1950, p. lZl) postulated 

that the Ojo Alamo was deposited as pediment gravel. Sorr:~e of the upper 

beds of the Ojo Alamo show the bedding characteristic o~ dune sand. 

Sinclair and Granger (1914, p. 301) suggested that the 11upper conglomer­

atic sandstone" of the rocks later called the Ojo Alazno by Bauer "· •. 

seems to represent matenal swept into the baain of accumulation by 

floods, perhaps during an interval of cru1tal upUft which atimulatec! 
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the streams to ~arry down the gravels which had accumulated in their 

channels and to undermine their banks, destroyina the large trees grow­

l there. Some of the drift logs are two or three feet across and over 

SO feet lona. The branches and bark have been stripped off . . . " 

The sandstone of the Ojo Alamo is similar to the coarse-grained 

sandstone in part. of the Fruitland and Kirtland. Generally, the Ojo 

Alamo is much thicker and coarser grained and more arkosic, and its 

contained pebbles are larger than those found at places in the Fruitland 

and Kirtland. 

The lithologies of the Ojo Alamo and the coarse sandstone of the 

Fruitland and Kirtland are similar enough to suggest common source 

areas. The Ojo Alamo sandstone thickens northward suggesting that a 

major source area was a highland in the position of part of the present 

n Juan Mountains. The coarsest gravel observed in the Ojo Alamo in 

the p:reaent area is in the northeastern part of T. 23 N. , R. 1 W. • the 

aoutheastern part ofT. 24 N., R. 1 W., and the southwestern part of 

T .. Z4 N., R.. 1 E. This gravel may have been derived from a source 

eaat or northeast of this part of the 'b41.sin. Possibly this source area 

wa.• in the vicinity of the .present Brazos uplift. Dane (1936, p. 118) 

ohMrved that in the southern part of the area, the grain size of the Ojo 

AJa:mo iftel'eaaee tttward the east, evid nee also favorittg a postulated 

IICMD'ce area ea.t-of the pr sent area of inveatiJatiOD. Reeside (19Z4, 



p. -30) suggested that the Ojo Alamo of the western side of the basin 

was derived from the east or south. However, the writer and R. B. 

O'Sullivan measured the strikes of numerous channel edges, and the 

dips and strikes of fcreset beds and laminae in the Ojo Alamo near Farm­

ington and these indicate that in this part of the basin the Ojo Alamo was 

deposited by streams flowing from the west-northwest and the north­

west. Probably the Ojo Alamo was laid down as pediment deposita by 

streams flowing centripetally into the basin from several sides after 

downwarping of the basin, or uplift of highlands in the surrounding region. 

Contacts 

The Ojo Alamo rests with erosional unconformity on the undi­

d Fruitland formation and Kirtland shale in the present area of 

investigation. Evidence of scouring and deep channeling at the base 

of the Ojo Alamo may be observed at many places. 

:lleetide (19Z.oi, p. Z6) discussed the contact of the Ojo Alamo 

with un rlytng beds on the western side of the Central basin and said 

that the evidence of an erosional contact and overlapping of older rock:e 

by the Ojo Alamo is dear in that region. However, Dane (1936, p. 

1l -lZlt beli4'Ved that the erosion surface at the base of sandstone of 

b ia no morti t han the result of scouring and channeling by 

ompetent eaou tranaport and deposit coarse sediment. 
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Also, according to Dane (1936, p. 119), at many places in the area 

between Alamo Arroyo and the Rio Puer-c9 the ba•e of the Ojo Alamo 

is not the same stratigraphic position at PQix:¢• a few hundred feet 

apart. He believed that, although there was a sudden change in eondi· 

tions of deposition when the Ojo Alamo was depoeited, the evi4enc~ shows 

that this change did not occur everywhere at the aattle time, ao4 f.! place-a 

there was a tran•itional change in sedimentation. Dane (1936, p. l~O .. 

lZl') suggested that the eastward thinning of the underlyins Kirtland shale 

is the result of a lesser cunount of deposition toward the southeast and 

that there is no hiatus between the Ojo Alamo and 1the Kirtland shale. 

However, the present writer believes that 'the evidence of ero-

sional unconformity and slight angular unconformity is clear in the pre-

sent area of investigation. The variations of thickness of the undivided 

Fruitland formation and. Kirtland shale in the San Pedro Foothills and 

Northern Hogback Belt indicate that slight folding and erosion occurred 

there before deposition of the Ojo Alamo. The lower contact of the 

persistent sandstone' mapped as the Ojo Alamo by the present writer is 

at a higher stratigraphic position at places than the contact mapped by 

Dane (1936). In the southeastern part ofT. ~0 N., R. Z W. the contact 

mapped by the present writer is one of •trong· erosional unconformity, 

and locally the Ojo Alamo cuts out lenticular sandstone and shale beds 

of unit C of the Fruitland and Kirtland (mapped with the Ojo Alamo by . . 
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Dane, 1936). These beds of unit C wedge out southward into shale and are 

absent at the south edge of Mesa Portal south of the area of the present 

report. However, the sandstone beds of unit C are present below the Ojo 

Alamo at places in T. ZO N., R. 5 W. The unconformity at the base of 

the sandstone mapped as the Ojo Alamo by Dane at most places, but within 

the sandstone and shale included in the Ojo Alamo by Dane at a few places, 

probably accounts for the differing stratigraphic positions of the base of 

his unit in the southern part of the area. This unconformity is difficult 

to recognize unless individual beds are traced because the lithology of the. 

finer srained parts ofthe Ojo Alamo is similar to the lithology of sandstone 

of unit C of the undivided Fruitland and Kirtland. (See Dane, 1936, p. 119). 

In the subsurface the undivided Fruitland formation and Kirtland 

shale are as much as 450 feet thick in the western part of the area. In 

the east-em part of-the area thewe rocks are less than half this thickness. 

Aa interpreted from electric logs of wells, individual beds within the 

Fruitland and Kirtland do not thin eastward as would be expected if the 

over-all thinning was the result of a lesser amount of deposition to the 

east. In fact, aome beds thicken eastward (Figs. 6 and 7). It appears 

that, from weat to east,. successively lower beds of the Fruitland and 

Kirtland are truncated by the Ojo Alamo in the we stern part of the area. 

This would 1ee1n to inclieate that, prior to deposition of the Ojo Alamo, 

the rocks of the eastem part of ~e basin were tilted to the west, and 

part of the Kirtland W&a eroded from the eastern part of the basin. ThiB 
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view il eatentially the tame a• the COilClu•ioa ot llve-t> (1950, • 1 

who reported that the relief on ~· top of ~ Kirtl&Zlcl in the •uD•1Llt~ltae:e 

of the Ciavilan area ia 100 to 200 feet $.l) 10 tn11e1. The com'bined. ck-

netl of the Fruitland formation and Klrtlu4.-ale on the rn. I 

of the Central baein near Farmingt i1 mCM•thall 1~ 600 teet; t ua.it.­

ia poaaible that aa much aa 1, oiOO feet of Fruitlancl-Kirtland s • 

eroded from the eaatern part of the batin prior tQ depoeitioS1 of e. Ojo 

Alamo. However, aa previoully diacuaaed, there il evidence of local 

uplift and e roe ion in the eaate rn part of the b&ein durint depotition of 

the Fruitland and Kirtland, and these rocka may never have been aa 

thick aa they are on the western aide of the Central baain. 

The Ojo Alamo aandatone aeema to be conformable with the 

overlying Nacimiento formation in the area. No evidence of uncon­

formity was observed in outcropa, and aubaurface data teem to indicate 

that the Ojo Alamo is conformable with the Nacimiento and intertongues 

with it. In the vicinity of the type locality of the Ojo Alamo, Brown 

(1910), Sinclair and Granger (1914, p. 204, and pl. 22), and Bauer 

(1916, p. 276) report an erosional unconformity at the baae of the Puerco 

formation (in preeent terminoloay, the lower part of the Nacimiento 

formation). Reeaide (1924, p. 37) atated that in the weatern part of 

the baain the Puerco formation re1t1 on the Ojo Alamo with eroaiona.l 

unconformity, but without dilcordance of dip. 
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Age and Correlation 

In the southwe ate rn part of th<) Cent:r 1 baein .near 'th 

locality numerous dinosaur and other reptillan fo11il• have bt;e col-

lected from beds assigned to the Fruitland formation, Kirtl:a cd e a 

and the Ojo Alamo sandstone by Bauer ( 1916). In •ummari · the 

evidence of age provided by these fossils, Gilmore (1916, '}\281) 

states: 

" ... I conclude that the vertebrate remains from tP.e Ojo 
Alamo, Kirtland, and Fruitland formations show beyond: 
all question that they pertain to a fauna or fauna• dil­
tinctly older than that of the Lance, and that such ~v~c;l nee­
as there is contributes to the support of Brown1s conten'"' 
tion that the Ojo Alamo sandstone is synchronous with 
the Judith River and Belly River formations as found in 
areas to the north." 

According to this interpretation, the fossil-bearing beds of the type 

Ojo Alamo are of Late, but not latest, Cretaceous age, and are pro-

bably of late Montana age. Triceratops and Tyrannosaurus 

which occur in the latest Cretaceous (Lance and Hell Creek forma-

tions) have not been reported to occur in the San Juan Basin. 

Fragmentary plants collected from rocks assigned by Reeside 

(1924) to the Ojo Alamo on the western side of the Central basin were 

examined by F. H. Knowlton (in Reeside, 1924, _p. 31-32), who reported 

Tertiary affinities for some of the fossill, but expressed a lack of 

certainty of age because of the fragmentary nature of the fossils. 

Ree side ( 1924, p. 31-32) argued that, in view of the uncertainty of 
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identificatiQn and stratigraphic position o f tAe ·noaaur fa of 

type Ojo Alamo, the paleontologic da~ are clu•i. &JI 

of the beda. He claasified the Ojo Alamo at l'.e:rtitrry(?). 

Dane (193(>, p. lZl) stated that "paleontologic evideJlce tencla 

very strongly to support the view that there ia no hiatus between the 

Ojo Alamo sandstone and the underlying Kirtland e and th4t the 

Ojo Alamo sandstone should be classified aa C r et•ceous." 

Recently, Anderson (1960, p. 9-10) ba.• reopened the question 

of the age of the Ojo Alamo. He has suggested that the microflora at 

the base of the Ojo Alamo has a "Tertiary ecologic aspect" but is not 

necessarily Tertiary from the standpoint of common forma. A florule 

from the middle of the Ojo Alamo is said to be more closely related to 

the Nacimiento florule than to the Kirtland florule • . Anderson aug gests 

further that the dinosaur remains might have been reworked from older 

beds, or that the dinosaurs may actually be the same age as those of 

the Lance, or even younger. 

To summarize the evidence presented ift--publbhed reports, the 

faunal evidence indicates that the dinosauT-bearing beds assigned to the 

Ojo Alamo by previous workers are late Montana age, whereas the floral 

evidence indicates early Tertiary age. Reeside (19Z4, p. 3Z) admitted 

that the conflicting paleontologic evidence is inconclusive, and based 

his Tertiary(?) age assignment at least partly on structu.ral evidence, 
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•tating that there is an important hiatu 

deposits and the Ojo Alamo sandstone, a y et 

also bases his argumenta essentially on ,atructural ba.ei h n 

Kirtland and Ojo Alamo 1 florules with the in u;x of mou rcent 

However, it ie .apparent that structural evidence alone ie o.QJ; •ufficient 

to establish the temporal boundary between the Cretaceoue d Tertiary, 

inasmuch as the San Juan Basin and its bounding uplifts beg n to be 

formed at least as early as Pictured Cliffs time, and the deformation 

continued episodically well into the Eocene at least. 

The conflict between the floral and faunal evidence of age may be 

the result of the inclusion in the Ojo Alamo of Tocks that are of similar 

lithology, but of different ages, and are separated, at least near the 

margins of the Central basin, by an erosional and slightly angular un-

conformity. The persistent unit of sandstone mapped as the Ojo Alamo 

by the present writer in the southern part of the area is clearly uncon-

formable on the underlying undivided Fruitland formation and Kirtland 

shale. The unit persists ac:!:"oss the southern pa~ of the area, and is 

apparently the thin but persistent andatone mapped as Ojo Alamo 

farther to the northwest by Dane (1936). Dane (1936, p. 121) has 
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stated that 11 the thickness of the Ojo Alamo b variable, owing 1&~ 5ely 

to the fact that the base is irregula.l' .and not everywhe;re •t the .,. .ae 

stratigraphic position. 11 At places the per1iltent Ojo Alamo aandetone 

rests unconformably on lenticular eandetone of the Kirtland fo-rna.tion, 

probably accounting for the irregularities described by Dane whv seem1 

to have included, at some places, lenticular beds of the uppeJ' .pa ' :>f the 

Kirtland with the persistent sandstone of the Ojo Alamo. 

The persistent sandstone unit mapped as Ojo Alamo by the 

writer seems to be equivalent to rocks described by Sinclair and 

Granger ( 1914, p. 300-302) as the 11 conglome ratic sandstone with io1sil 

logs 11 below the 11 Puerco formation 11 and above the upper dinosaur­

bearing shales in the vicinity of Ojo Alamo. Sinclair and Granger 

remarked that the conglomeratic sandstone rests with dis conformity on 

the dinosaur -bearing shales, but they attributed no particular signifi­

cance to this dis conformity. In defining the Ojo Alamo sandstone, Bauer 

( 1916, p. 27 5-27 6) included the upper conglomeratic sandstone, the 

dinosaur-bearing shale, and a lower thin bed of pebble conglomerate 

in the formation. Bauer considered the Ojo Alamo to be ••essentially a 

sandstone including lenses of shale and conglo1nerate 11 and indicated 

that the medial dinosaur-bearing shale is present only in a limited area, 

and the upper and lower conglomeratic sandstones merge east and west 

of this area. However, a study of Bauer•• stratigraphic sections 

indicates that the medial dinosaur-bearing shale doe1 not grade out 
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laterally_, but that much of it is cut out by an e1·oticn.:1l t;U.rtti :.~ at '1e 

base of the upper sandstone. 

Because of poor exposures it is not possible to trace the Ojo 

Alamo sandstone continuously northward from the type locality to the 

San Juan River near Farmington. However, the discontinuously exposed 

beds seem to be mainly the upper sandstone. On the south aide of the 

San Juan River, the lower half, approximately, of the thick aequ'ebce 

of sandstone assigned to the Ojo Alamo by Ree.side (1924, p. 30) ie 

probably equivalent to the persistent, upper sandstone of the ty ioc 1· 

ity. R. B. O'Sullivan and the writer found that the upper half of the 

thick sandstone on the San Juan River is split by several southward-

thickening tongues of shale of the "Puerco and Torrejc:nl formations" 

(the Nacimiento formation in present terminology), and most beds of 

upper half of the sandstone tongue out southward into rocks probably 

equivalent to the "Puerco formation" at Ojo Alamo. Hayes and Zapp 

(1955) concluded that "no unconformity i8 pre•cntt in the several hundred 

feet of sedimentary rocks that succeeds the Kirtland ahale in W• ar :1. 

• • . . " between the San Juan River west of Farmington and the 

Colorado -New Mexico line. However, R. B. O'Sullivan anc) the writer 

found that the Ojo Alamo sandstone rests with erosional unconformity 

on rocks assigned by Reeside (1924, pl. l) to the !.tc:Dermott formatio 

between Barker Arroyo and Pinyon Meta northwe•t i a.rmi ton. 

the west side of Pinyon Mesa a well-¢xposed cb~ltt6 •1.urfac: J,t 
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of the Ojo Alamo cuts out at least 150 fe t of undt:rl~'Htf!, .,·<!ddi.,b shc.le 

containing thin pebble -bearing sandstone similar to the dinosaur-bearing 

beds at Ojo Alamo. Locally, on the east side of La Plata River between 

Pinyon Mesa· and Farmington, the reddish beds below the Ojo Alamo are 

absent or very thin, and they are only about 30 feet thick south of the 

San Juan River near Farmington. 

On the b aais of relations observed in the present area and the 

relations described above, it seems likely that there is an unconf rr.r.1ty 

at the baae of the pe rsiltent upper conglomeratic sandttone of the type 

Ojo Alamo on the eastern, aouthern, and western maraina of the Central 

basin. The temporal aignificance of channeling at the base of conjJ9U"' ... 

eratic aandstonea hai been questioned; nevertheless, thia channeling, 

at placea, haa removed aa much as seveJ.'al hundred feet of Cl'etaceoue 

beds beneath the peraiatent upper aandatone of the Ojo Alamo, and it ie 

quite poaaible that the mialing beda were of Lance (lateat Cretaceoua) 

A survey of the description• of localitiee !rotn which "Ojo Alamo" 

dinoaaur fo11i11 were collected
1 

•howl that they were all collected near 

the type locality from bed• beneath the pereistent upper conglomeratic 

aandatone. Theae dinoaaur-bearina bede &J.'e aomewhat aimilar litho-

loaically to dinoaaur-bearina beda of the WcDermott member olthe 

1
Brown (1910), Sinclair 

Gilmore (1916, 1919, 1922), llee 
r•naer (191•), Bauer (1916). 
(1924). 
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Animas _formation at its type locality (lte~side, l 4ll4. p. Z6; •ec a.ho 

Baltz, 1953; Barnes, Baltz, and Hayes, 1954) and a.leo to unit C of 

the undivided Fruitland formation and Kirtland shale of the preeent 

area. No vertebrate fossils are reported to have been found in the 

persistent upper conglomeratic sandstone anywhere in the basin. 

Sinclair and Granger (1914, p. 301) report finding a badly-worn centrum 

of a dinosaur vertebra lying loose on the surface of the upper sandstone 

near Barrel Spring. They reasoned that it probably was not carried to 

this point by Indians "who are afraid of fossil bones", and express the 

opinion that it may have weathered from the sandstone, although "some 

may question its value as an index foesil. 11 Regardless of the possible 

timidity of the Indians, the badly worn condition of the vertebra suggests 

transportation by natural means, and if it did actually weather from the 

upper sandstone it may have been reworked from unde:rlyin& beds before 

bein& deposited in the upper sandstone (if indeed it was). 

Aside from this questionable occurrence {)fa ciino.aur bone, 

the only fossils reported to have · been found in the upper pet-siatent 

sandstone are plant fos•il•. The fos•il loa• which are common at 

many places have not been reported to have any determ.i:ned strati-

graphic significance. The plant fossil• aaaianed a. questioD.a. le 

Tertiary age by Knowlton (in ReeJide; 19Z.t, p. 31 ... 3-Z) w :t~ colle-ct d -
on the we ate rn aide of the Central basin from rock-a which ar prob bly 
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equivalet:lt to the upper persi. ent sandstone of the ) JO Alamo. The 

Ojo Alamo 2. florule of Anderson (1960, p. 5) was collected from rocks 

which the present writer mapped as the Ojo Alamo sandstone, a.nd 

which are be1ieved to be equivalent to the upper conglomeratic sand­

stone of the type Ojo Alamo. The "Ojo Alamo 1" florule o! Anderson 

was collected from rocks which may be either at t he to of unit B of 

the undivided Fruitland formation and Kirtland shale o r at t base of 

the Ojo Alamo. According to Anderson (1960, p. 9) bo~h the florul a 

are related more closely to the Nacimiento florules than to the Kb:t­

land florules. Anderson states that the most significant ecologi:; change 

takes place between the Kirtland and Ojo Alamo florules but states also 

that, if the boundary of the Cretaceous and Tertiary were to be placed 

on the basis of common forms alone. it would be between the two Ojo 

Alamo flo rules. 

To summarize, the rocks mapped as Ojo Alamo sandstone in the 

present area rest with slight angular and erosional unconformity on 

older rocks, and probably correlate with the upper sandstone of the 

Ojo Alamo at the type locality. This sandston~ rettte with ert>sional 

disconformity on dinosaur-bearing beds, and only plant fo••il• •uaaett­

ing Tertiary age have been found in it. For these rea1cm• the Ojo Alamo 

sandstone in the present area is assigned to the Tertiary(?). It ehould 

be stated here that the contact of the Ojo Alamo and underlying roc u i • 

a physical feature and is not considered to be a time -stratigraphic surface. 
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Tertiary Rocks 

Nacimiento Formation 

Definition 

Tertiary rocks in the valley of the Rio Puerco soutl>west of 

Cuba were ncimed the "Puerco marls" by Cope (1875, p. 1008-1017). 

Paleocene fossils from the Puerco of Cope (collected 50 miles west of 

the Rio Puerco} were studied by Matthew (1897, p. 259-261) who found 

two distinctly different faunas. He restricted.the name Puerco forma­

tion to the rocks containing the older fauna, and propos d the name 

Torrejon formation for the rocks containing the younger fauna. Matthew 

credited the name Torrejon formation to J. L. Wort c..n o had dis-

tinguished the differing stratigraphic positions of the t ;o faUDCI. in the 

field. The name was taken from arroyos considered to be the heads o 

Arroyo Torrejon. These arroyos in the southwestern part of the pre­

sent area are forks of what is now called Encino Wash, a tributary of 

Arroyo Torrejon (spelled Torreon on some maps) which lies south of the 

present area. Gardner (1909) mapped the (then unnamed) Ojo Alamo 

sandstone and overlying beds including the thick sandstones capping 

Mesa de Cuba as the Puerco formation. Subsequently, Gardner (1910. 

p. 713) proposed the term Nacimiento group to include both Puerco and 

Torrejon formations, specifying (p. 717) that along the Rio Puerco 

south and west of Nacimiento (now known as Cuba) the Puerco formation 

is 558 feet thick,and the overlying Torrejon formation is 276 feet thick. 
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The lower limit of the Puerco formation described in Gardner's type 

section ( 1910, p. 717) does not correspond to the lower limit on his 

map (pl. 2) as will be discussed. Also, most of Gardner's (1910, p. 717} 

Torre jc 1 formation at the type locality of his Nacimiento group consists 

of sandstone beds which Cope (1875) specifically placed above his Puerco 

marls and seems to have correlated with the sandstones of the 11Eocene 11 

at the "portals of Canoncita de las Vegas 11 (Canyoncito de las Yeguas 

on Fig. 2 of the present report). Renick (1931, p. 51-53) mapped the 

Puerco and Torrejon formations as an undivided unit having abovt the 

same upper and lower stratigraphic boundaries as the map unit called 

the 11Puerco formation" in Gardner's earlier (190~) paper, and the 

rocks described as Puerco and Torrejon formations in Gardner's 

later (1910) paper. 

Dane (1936) mapped a restricted unit as the Puc reo{?) and 

Torrejon formations. The lower part of Gardner's (1909, pl. 2; 1910, 

pl. 2} Puerco formation was mapped by D ne as the Ojo Alamo sand-

stone. The sandstone beds pping Mesa _ Cuba, and other mesas to 

the west, that Gardner had i eluded in the orrejon forn1ation were 

mapped by Dane as part oft , Wasatch fc. mation (now c1att8ified as 

the San Jose formation of E ene age). V o and Northrop (1946) 

mapped the Puerco and Tor j on forma.tio the same undivideci 

unit mapped by Dane (1936 l a later o •• e (1946) uMd the 
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probably be made in Colorado. On the northwest side of the Central 

basin such a division is polsible (Baltz, 1953, p. 45-46). 

ln th~ aouthern and southeastern parts of the present area, 

the Nacimiento formation of this report is approximately the same 

as the unit mapped as the undivided Puerco(?) and Torrejon formations 

by Dane (1936) and by Wood and Northrop (1946). However, north of 

Canyoncito de las Yeauas, rocks classified by Dane (1946, 1948) as 

being i~ the lower part of the Animas formation are correlated by the 

pr&sent writer with the upper part of the undivided Fruitland formation 

ud Kh·tland shale, and the Ojo Alamo sandstone. Beds above the Ojo 

Alamo sandstone in the northern part of the area that were designated 

as the Animas formation by Dane are designated by the present writer 

as the Nacimiento formation, and the term Animas formation is not 

used for rocks in the present area. 

Type Locality 

There is some difficulty in determining exactly which rocks 

were meant to be included by Gardner (1910, p. 717) in the ••Nacimiento 

g~oup11 at its type locality. Although he did not specify the exact 

locality at which the type section was measured, most workers have 

assumed that the section was measured at the south end of Mesa de 

Cuba in the northwest part ofT. ZO N., R. Z W. Comparison of 

O-.":"~e e-'a (1910) typ!'! section with sections measured by Simpson 
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Th se sandst es are now cla ifi d s p rt f th San Jo 

rmation. The shale and thin andstone compri ing the upper 106 

eet of the rocks assigned to the "Torrejon formation" by Gardner 

n be n measured else her b cause only the lo r 170 fe t 

of sandstones are preserved at the south end of Mes d Cub . 

Gardner's (1909 and 1910) maps include with the "Nacimiento 

group11 the sandstone now classified as the Ojo Alamo. Renick (1931, 

p. 51-52), Dane (1932), andSimpson(l959, p. 16-19) ha e ppo ed 

that Gardner's type section of the 11Puerco formation" tndudes at the 

base the Fruitland and Ki r land, and that the fourth unit above the base-­

a sandstone 40 feet thick--is the Ojo Alamo. However, Gardner's 

section was measured probably at or near the locality of measurement 

(ld on Fig. 2) of the upper part of the present writer's composite 

section of the Nacimiento formation (described at the end of this report} 

north of the Torreon road in sec. 11, T. 20 N., R. 2 W. If this is 

correct, the second unit from the base of Gardner's section (''shale, 

ry dark, local coal streaks 11
) is a prominent and persistent band of 
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.:..ignite above a small bench, and about 90 to 100 feet above the valley 

floor. This lignite is equivalent to unit 71 of the pre sent writer's 

stratigraphic section. Thus, the base of Gardner's type section is 

about Z50 feet stratigraphically above the Ojo Alamo sandstone. The 

lignite is probably the "persietent lignite" shown in the third unit above 

tl\e baae ol Simp•on'• (1959, p. 4) section, and the fifth unit above the 

base ofHunt's section (~Dane, 1936, p. 1Z4). Hunt's section indi­

cates that the "Puerco(?) and Torrejon11 fo:..·mations are about 633 

feet thick, and Simpson (1959, p. 19) states that his measurement of 

these same rocks, now called the Nacimiento formation, is about 600 

feet. However, the composite section measured by the present writer 

is about 800 feet thick, and this thickness accords fairly well with a 

thickness of about 860 feet for the Nacimiento formation at the Sun Oil 

Co. No. 1 McElvain well in sec. Z3, T. Z1 N., R. Z W. (see Fig. 7). 

If the base of the Nacimiento formation is defined as the top of the Ojo 

Alamo sandstone, there are almost ZOO feet of shale and thin sandstone 

beds in the lower part of the Nacimiento that have not been described 

at the type locality by previous workers. These rocks are well 

exposed on the hills north of Arroyo Chiuilla in sees. 13 and 14, T. ZO 

N., R. Z W. (locality 1c on Fig. Z), are described in a stratigraphic 

section at the end of the present report, and are shown graphically on 

Figure 3. 
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Extent and Thickness 

The Nacimiento formation is present above the Ojo Alamo 

sandstone throughout the present area of investigation. The Nacimiento 

crops out in the Penistaja Cuestas sector across the southern part of 

the area where. it forms low rounded hills of drab clay. siltstone. and 

soft sandstone. Thin resistant sandstones in the upper one-third of 

the formation form low benches and small, northward-sloping cuestas. 

In the southwestern part of the area at the Shell Oil Co. No. 1 Pool 

FourwellintheSE l/4sec. 22,T. 21N., R. 5W. theNacimiento 

is about 850 feet thick. The composite stratigraphic section measured 

in the S .... 1/4 SE 1/4 sec. 14, and at the south end of Mesa de Cuba in 

sec. 11, T. 2 0 N. , R. 2 W. indicates that the Nacimiento is about 800 

;eet t.llick west of the Rio Pu e reo. 

In the San Pedro Foothills the Nacimiento formation is ·discon­

tinuoualy exposed in the walls of canyons and aides of valleys where its 

beds of aomber clay and thin sandstone at-~ vertical to li tly over­

turn d, or dip steeply to the welt. The thickness L vay·ied, perhaps 

partly becau•e of aqueezin& of the ahale in the belt of •harp folding, 

but mainly becauee of angular and ero•ional unconforn:Uty with overlyin& 

rocks of the San Jose formation. Near the center of sec. 11, T. 21 N., 

R. 1 W. the Nacimiento is 537 feet thick. Farthe:r north in T. Z2 N. 

the Nacimiento is thinner, but the formation is estinlated to be about 
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1, 000 feet thick north of San Jose Creek in sec. 34, T. 23 N., R. 1 W. 

The formation seems to become thinner again in sec. 15, T. 23 N., 

R. 1 W. 

In the southern part of the Northern Hogback Belt the steeply 

west-dipping rocks of the Nacimiento formation are poorly exposed 

in discontinuous low ridges separated by alluvial valleys. In sec. 20, 

T. 24 N., R. 1 E. the Nacimient.:> is about 550 feet thick, or possibly 

slightly more because the base of the formation was not determined with 

certainty owing to poor exposures.. In the western half of s~c. 8, T. 24 

N., R. 1 E. the baae was not determined with ce:t"tair..ty but· the Naci-

miento formation ie~ at least 1, 250 feet thick. Farther to the north the 

Nacimiento formation is better exposed as the west dip of the beds 
j 

becomes less steep, North of Canyoncito de las Yeguas, sandstones 

of the formation hold up ridges and spurs west of th~ Ojo Al&:r."'C' cuesta. 

Near the center lines of sees. 17 and 18, T. Z5 N., a .. l E. the 

Nacimiento formation is almost 1, 400 feet thick with the base not 

exposed at the point of measurement. 

Although the thickness is irregular in the outcrops along the 

eastern edge of the area, it is apparent that the Nacimiento formation 

thickens generally northward. In the subsurface a aimilar but more 

regular northward thickening of the Nacimiento takes place. The form-

ation is 800 to 850 feet thick in the southern part of the area,. and is 
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as much as 1, 750 feet thick near the nurthern ec.ge of the area. We~! 

data indicate also that the Nacimiento thins irregularly easrward in the 

subsurface near the eastern edge of the Central basin. 

Lithology 

The Nacimiento formation consists of shale and interbedded 

soft to resistant sandstone. These rocks are of two different litho­

logic facies in the northern and southern parts of the area; however, 

the lateral change in facies takes place so gradually and exposures are 

so discontinuous on the eastern side of the area, that it is impossible 

to map any logical lithologic boundary between facies. The Nacimiento 

formation of the southern part of the area is a facies consisting mainly 

of clay shale with some interbedded soft sandstone and a few resistat.t 

sandstone beds. In the northern part of the area the Nacimiento con­

tains a greater proportion of sandstone, and near the northern edge of 

the area more than half of the formation consists of sandstone. 

In the vicinity of the southern part of Mesa de Cuba the Naci­

miento consists of four more or less distinguishable units. The lowest 

unit is soft, gray to light olive -gray clay shale with purplish bands. 

and contains numerous thin beds of lenticular soft siltstone and shaly 

fine- to coarse -grained sandstone, all about 130-150 feet thick in sec. 

14, T. 20 N., R. 2 W. Above this is a unit of gray clay and •oft, 

highly lenticular, fine-grained to very coarse grained, white-weathering 
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sandstone containing one or two thin beds c£ irnpun~ coal , all about 

12.0 feet thick in sec. 12., T. 2.0 N., R. 2. W. Next above is a unit of 

soft olive-green and gray clay and siltstone containing several beds of 

lenticular, sc:>ft, fine- to coarse -grained, argillaceous sandstone and, 

near the top, a conspicuous bed of black to dark-brown lignite (equiva­

lent to the previously mentioned lower lignite in the sections of 

Gardner, Hunt, and Simpson). This unit is about 115 feet thick in ' 

sec. 11, T. 2.0 N., R. 2. W., where it forms rounded topographic spurs 

near the foot of Mesa de Cuba. The highest unit of the Nacimiento 

formation consists of variegated light-purple, gray, and olive-green 

clay and siltstone containing lenticular yellow and white argillaceous 

soft sandstone, and several thick ledge -forming buff to brown sand­

stone beds. The unit is about 42.5 feet thick in section 11, and forms 

steep ledgy slopes below the caprock of Mesa de Cuba. The prominent, 

lenticular, ledge-forming sandstones are interbedded in the shale of 

the lower two -thirds of the highest unit of the Nacimiento. 'rhese 

sandstones, or sandstones laterally equivalent to them. bold up tunall 

cuestas at many places farther west in the southern part -of th ar 

The upper one -third of the unit consists mainly of shale. but ontain.s a 

zone of lignite which forms a conspicuous outcrop band aaaoci t d with 

manganiferous sandstone at places across the aouthe.m part of 

The four units of the Nacimiento were not mapped; how~ver. th 

seem to persist across the southern part of the area, and abo pe r i t 
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for some distance to the north in the San Pedro Foothills . 

In the. San Pedro Foothills northward from the northern pa:r:t 

of T. 22 N., R. 1 W., the proportion of sandstone in the Nacimiento 

formation increases. At places, the lower part of the formation con­

tains thick, fine- to coarse -grained. sandstone and interbedded olive­

green and gray carbonaceous shale .. The middle of the formation is 

poorly exposed, but where observed, it seems to consist mainly of 

gray to olive -green shale with interbedded lenticular sandstone. The 

upper part of the Nacimiento con..,ivt.s of several beds of ridge -forming, 

conglomeratic, coarse -grained, az-kosic nandstl)ne interbedded with 

dark-gray and olive -green shale a.nd shaly sandstone. The upper sand­

stones of the Nacimiento are lithol0gically similar to thE~ 0verlying 

sandstone of the San Jose formation., but the Nacimiento sandstones 

are generally thinner and the dark-gray and olive -green shale with 

which they are interbedded is unlike the variegated shale of the San 

Jose. In the San Pedro Foothills between the north fork of the Rio 

Puerco and the upper part of Arroyo Naranjo, these upper arkosic 

sandstones of the Nacimiento are cut out by the unconformity at the 

base of the San Jose. The upper sand•tones are PT• 6 - 'lt locally in 

sec. 16 and part of sec. ZO.,T. 21 N., R. 1 W. but seem tc, be cut 

out by the unconforrrtity farther south. 

The above described general lithologic character of th~ Nacirniento 
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formation seems·to persist in the Northern Hogback Belt as far as the 

northern edge o! the area. However, where the lower part of the Naci­

miento was observed it seems to have a smaller proportion of sandstone 

north of the central part of T. 24 N. , R. 1 E. than it does south of here. 

The zone of the upper conglomeratic arkosic sandstones of the Naci­

miento ia varied- in thicknese, and these sandstones are absent lqcally, 

as in eec. 20, T. 2.4 N., R. 1 E. where the upper part of the Nacimiento 

is cut out because of angular unconformity with the San Jose formation. 

North of here the upper conglomeratic arkosic sandstones of the 

Nacimiento are persistent, and are overlain by dark-gray and olive -green 

sandy sh?.le upon which the San Jose formation rests at outcrops and in 

the subsurface of the northern part of the area. 

In the subsurface the lithology of the Nacimiento is similar to 

that o! the su'l:"face exposures. In the southern part of the area the 

Nacimiento consists mainly of shale, but the proportion of sandstone 

increases northward. The upper conglomeratic arkosic sandstones 

exposed at the surface in the Northern Hogback Belt are fairly persis­

tent in the subsurface in a northwest-southeast direction, but to the 

south and southwest the sandstones thin and become discontinuous 

lenticular deposits enclosed in beds which are predominantly shale. 

Near the outcrops of the Nacimiento formation in the southern part 

of the area, th~ upper p.at't r:>f the Nacimiento is not present because 
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of the erosional and slightly angular unconformity at the base of the 

underlying San Jose formation (Figs. 5, 7). Intraformational thick-

ening occurs beneath the zone of the upper conglomeratic arkosic 

sandstones of the Nacimiento, and they may be locally unconformable 

on the part of the Nacimiento beneath them. 

The sandstone beds of the Nacimiento formation in the Northern 

Hogback Belt contain mu fresh angular orthoclase feldspar and other 

det r i tus that in dicate a o rce terrane of Precambrian rocks. Most of 

the r>ebbles scatt~red through the sandstones are quartz and quartzite, 

but a fe · peb l.es of vo1canic rocks were observed in the northeastern 

part of the area. Thick beds of volcanic conglomerate. tuffaceous 

sandstone, and weathered tuff, such as characterize the Animas forma ... 

tion on the northern side of the Central basin in Colorado were not 

observed in the Nacimiento formation. However, many of the sandstone 

beds contain ferromagnesian minerals, and ~de of olive-green chlori­

tic shale are common. These sediments may have been derived from 

the erosion of weathered volcanic rocks present in the. San Juu Mountains 

region. Beds of bentonitic shale are 'present at places in the Nacimiento. 

Much .of the Nacimiento formation consista of •hale, siltstone. 

and fine- to medium-grained sandstone similar to Cretaceous rocks 

and presumably derived y erosion from these rocks .. In the soUth rn 

part of the area there ia , a places, an almo•t chaotic intergrading of 

soft argillaceous sandst siltstone, and clay a hale in the lower pa.t't 
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of the Nacimiento. Sandstones in t h lowe:~: part of lhe Nac.mi c 11t 0 

contain mixtures of coarse, angular grains and fine - to medium-grained, 

well-rounded sand with occasional pebbles. These poorly eorted sedi­

ments seem to be a mixture of first-cycle material derived from 

Precambrian rocks, and second- or third-cycle material derived from 

Cretaceous and older sedimentary rocks, and "dumped11 into a subsid­

ing basin of deposition. Sediments of the middle and upper parts of the 

Nacimiento are better sorted, and more evenly bedded. 

The size and shape of the basin of deposition of the Nacimiento 

formation and equivalent parts of the Animas formation can be inferred 

partly from existing outcrops of these rocks. The Nacimiento fcrrna­

tion and most of the Animas formation are restricted presently to the 

Central basin, although rocks of the Animas formation occur at places 

on the southern flanks of the San Juan Mo~ntains (Wood, Kelley, 

and MacAlpin, 1948; Cross and Larsen, 1935; Larsen and Cross, 1956). 

B a ltz (1953, p. 44-45) found th t angular unconformities occur within 

the Animas formation, and between rock• mapped as the Animas forma­

tion and the Nacimiento formati n along the Hogback monocline south 

of Durango, Colorado. R. B . 'Sullivan a.nd the wl"iter obauu·ved 

similar unconformable relati 

r . -eke probably equivalent to 

Ala.m r. along the Hogback mo 

between the Nacimiento formation and 

lower part of the Animal and t 4 e Ojo 

.ne northwest of Farmington, e 
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These relation• indicate that the lower part of the Anirnat !o:an~tjoo, 

the Ojo Alamo sandstone, and the lower part of the Nacimiento forma­

tion probably were distributed on at least part of the Fou:r Corners 

platform, and on the flanks of the San Juan dome, as well as in the 

Central basin before folding began on the westem side of the Central 

basin. Much of the Animas and Nacimiento formations in the north­

western part of the basin consists of 1ediments reworked from Creta­

ceous rocks and from lower beds of the Animas formation deposited 

on the Four Corners platform before the folding began. Chaotic 

bedding and poor sorting of rocks in the Nacimiento and Animas 

formations adjacent to the Hogback monocline are probably the result 

of "dumping'' of sediments eroded from the soft Cretaceous rocks on 

the Four Corners platform. The poorly sorted rocks seem to have 

been deposited as fans at the mouths of sediment-laden streams 

debouching into the Central basin during Paleocene time. Probably, 

most of the rocks of the Animas and Nacimi~nt-o formations Wf!re not 

deposited in areas very far welt of the Hogback monocline. 

The northern limit of the early Tertiary (Nacimiento-Animas) 

depositional basin is not known with certainty. ina•much as no uncon-

formities have been reported within Anima 

northeastern edges of the Central basin~ I 

overlain with angular unconformity by the 

12.4 

eb on the north~ m and 
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Eocene(? .) or Olitocene(?) age (Larsen and Cross, 1956, p. 61) wt~lCl') 

laps outo Cretaceous and older rocks in the southeastern San Juan 

Meuntains. The main volcanic facies of the Animas formation is in the 

northwestern part of the Central basin. The McDennott member (Baltz. 

1953, p. 37-41; Barnes, Baltz, and Hayes, 1954) seems to have been 

erupted from centers in the vicinity of the laccolithic domes fJf the 

La Plata Mountains northwest of Durango, Colorado. Larsen a:nd 

Cross (1956, p. 57) suggested that the volcanic sediments of th~ main 

part of the Animas are about the same age as some of the intrusive 

centers in the northern and northwestern parts of the San J·uan Moun­

tains. The abundant granitic and metamorphic detritus in the A"llrnas 

must have been derived from Precambrian rocks, possibly frpm the 

San Juan dome, and possibly from as far away as the Gunnison and 

SlLwatch uplifts, and the Brazos uplift. The Brazo• uplift was pro­

bably continuous with the Sangre de Cristo uplift prior to Miocene 

time, and the Sangre de Cristo uplift shed detritus into the Raton basin 

in Paleocene time (Johnson and Wood, 1956); thus this Uplift waa 

prGbably the northeastern boundary of the Alrlmas-Nacimietito basil'. 

Tile southeastern edge of the basin is unknown. The writer o~serve4 

no evidence that would indicate that the Nacimiento uplift was tecton­

ically active during deposition of the Nacimiento formation (and equiva­

lent rocks of the Animas formation), and these rocke may bave been 
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continuously distributed across this region prior to early F.;o~; ene 

time. The southern margin of the Nacimiento-Animas depositional 

basin also is unknown. Possibly the Zuni and Defiance uplifts were 

tectonically active and defined a southern limit of the depositional 

basin. Paleocene rocks are not known to occur in soutllern New Mexico, 

... 
although Kelley and Silver (1952, fig. 14, p. 114, and p. 116} have 

postulated that the McRae formation of the Caballo Mountains region 

may be equivalent to the Animas formation. 

To summarize, the two sedimentary facies of the Nacimiento 

formation in the present area appear to have been deposited in 

slightly different environments, and the sediments of the J;hale facie& 

in the southern part of the area probably were derived mainly fron'l 

different source areas than the sediments of the coars~ sandstone 

facies of the northern part of the area. The coarse sandstone facies 

(of the Nacimiento formation and equivalent rocks of the Animas 

formation} probably is part of a huge apron of volcanic and orogenic 

debris eroded from rising highlands lying not'th at1d northealt of the 

San Juan Basin, and spread to the southwest into the basiu. TM •haly 

facies of the Nacimiento which is present aero-'s the •0\lthweetern on~-

third of the Central basin, is composed partly of fil'ler arunect material 

deposited at the distal edges of the apron, but the ahaly facie• conlllltl 

in large part of reworked Cretaceous aedimen roded from th• our 

Corners platform .J.nd possibly from the south rn part of th~ Chac o a ope, 
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The lithology and contained vertebrate fossils of the Nacimiento 

formation indicate that it was deposited in a terrestrial environment. 

The lenticula.r sandstones are stream-channel deposits and the claya 

and siltstones were deposited on floodplains, alluvial fans, and in 

ephemeral lakes. The basin of deposition may have been poorly 

drained and swampy. The sediments of the shaly facies in particular 

seem to have been deposited in a paludal and lacustrine environment, 

inasmuch as. they are highly carbonaceous in placee, and they contain 

fossil fish and a reptilian fauna characterized by crocodiles, the aquatic 

lizard Champsosa urus, and many genera and species of turtle a (Gilmore, 

1919; see also Sinclair and Granger, 1914, p. 309-310 and 313). The 

microflora of the Nacimiento (Anderaon, 1960, p. 8) also indicates 

deposition in a lowland environment with temperate '\lpland environments 

not far distant. 

Contacts 

Where the contact of the Nacimiento formation and underlying 

Ojo Alamo sandstone was obae rved, no evidence of \W.conformity was 
I 

discovered. The contact seems to be gradational through a few btehea 

to several feet of sandy shale. Evidence of intertonguing in the sub ... 

surface was presented in the discuasion of the Ojo Alamo. 

The contact of the Nacimiento and the overlying San Joa~ forma-

tion is one of angular and e roaional t n"onformity throughout r.noat of 
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the area. _ The eroeional nature o! th6 co»t•ct ~· I.J>~r-.sl\t C~t rt~<' ... t 

expoeuree, and at many places coaree-grained, pebble .. beari~& •.tnd .. 

atone of the San Jose rests in channell cut in the upper part of the 

Nacimiento. · 

In a branch canyon of one of the tributariell of the upper Rio 

Puerco in the SW 1/4 NE l/4 SW l/4 eec:. 11, T. 21 N., R.. 1 W., the 

tLngular nature of the contact between the San Joee ~nd Nacimiento 

formations il apparent. Here the Nacimiento beds are overturned 

and dip 85° east. The basal sandstone of the San Jose dips about 69° 

weet at the contact. About 7 5 feet we It of the contao.ct the dip of the 

San Joee flattens abruptly to about 10° west. On the north wall of 

the deep canyon just north of these exposures the basal sandstone of 

the San Joee was observed to cut out almo1t 200 feet of Nacimiento bedt 

between the bottom of the canyon and the top of the north wall of the 

canyon. 

In theSE 1/4 SW 1/4 sec. 23, T. 22 N., R. 1 W., faulted, 

fo1eil-bearing shale and sandstone of the San Jose reat unconfoTmably 

on rock• ae old a1 the Lewis shale. The1e outcrop1 were firet obterved 

and their 1ignificance recognized in 1955 by R. L. Kooale who kindly 

ahowe d them to the writer. 

Farther north, expo1uree are euch that the unconfouna.ble 

relatione cannot be obaerved directly. However, the irreaula.r thick .. 

eniq and thizmi.na and the abeence of the upper conalomeratic, arkoaic 
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sandstone unit of the NaCimiento at places in the San Pedro Foothills 

and Northern Hogback Belt indicate that folding and erosion occurred 

here after deposition of the Nacimiento. Near the center of sec. 20. 

T. Z4 N., R. 1 E. (and in the subsurface at the Reading and Bates 

No. 1 Duff well, sec. 24, T. 24 N., R. 1 W.) the Nacimiento is oruy 

about 600 feet thick, and the upper conglomeratic, at·kosic sandstoaes 

of the Nacimiento are not present beneath the San Jose, apparently 

because of angular unconformity. These up?f; 1" beds are prestmt, 

however, in sees. 7 and 8, T. 24 N., R. 1 E. where the Nacimiento 

is at least 1, 2 50 feet thick. North of Arroyo Blanco, the contact of 

the San Jose and the Nacimiento is one of erosional unconformity, but 

no discordance of dip was observed. 

In the subsurface the southward thinning of the Nacimiento i s 

partly intraformational thinning. Howevez·, correlation of lithologic 

units penetrated in deep wells shows that t he basal sandstone of the 

San Jose bevels successively younger rocks of the Nacimiento from 

north to south, and the contact is thus one of erosion and slight a n gula t· 

unconformity. 

Age and Correlation 

The Nacimiento formation is of Paleocene age, and contains 

the classic terrestrial vertebrate faunas of that epoeh of th 'tertiary 

period. The history of the disco.very and identification of these fossils 
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has been discussed by Gardner (1910, p. 703-713), Sinclaa and Grang~:r 

(1914, p. Z98), Bauer (1916, p. Z76-Z77), Reeside (19Z4, p. 35), Dane 

(1936, p. 1ZZ-1Z3), Matthew (1937), and Simpson (1948, p. Z71-Z73; 

1959, p. 1-3): 

The first fossil mammals found in the ''Puerco marls" of Cope 

(1875) were collected by David Baldwin w~o~et of the px-~eent area and 

were described as "lowest Eocene" by Cope (.1881}. Gardner. (1910) 

referred the "Nacimiento group" to the Eocene also. Sinclair and 

Granger (1914, p. 313) stated that both the "Puerco11 and "Torrejon" 

formations had been referred to as 11 Basal Eocen~J ' ', but the; ": "more 

recently, Paleocene seems to be growing in favor". Mattb.f;w (1914, 

p. 381-38Z) discussed the use of the term "Paleocene" stating that 

"the typical and best known Paleocene fauna is that of tl:le Pue reo and 

Torrejon formations, Nacimiento terrane, of New Mexico" and indi- · 

cated that the Puerco was of earliest Tertiary age. Apparently Matthew 

(19Zl, p. ZZO) changed his mind later and decided the Paleocene wae 

Cretaceous. The U. S. Geological Survey was conservativ~ in the 

matter of age assignment, and particularly in use of the term "Paleo­

cene". Bauer (1916, pls. 64 and 69) assigned the Puerco and 1'orrejon 

to the Tertiary as shown by his map symbols (Tpt), but he did T·ot 

express a direct opinion in the text of his paper. Gilmore (1919, p. 9) 

considered the. faunas as being "basal Eocene". Reeaid.e 

(19Z4, p. 43-44) reviewed the fossil evidence and concluded that the 
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Puerco 4nd Torrejon were early Tertiar-y in age, and atJbl i gned ti~em 

to the Eocene. Dane (1936, p. 122) also assigned the Puerco{?) and 

Torrejon to the Eocene, but in his later (1946) work assigned the 

Nacimiento formation to the Paleocene and Cretaceous(?). 

The Puerco and Torrejon faunas are now accepted by moat 

workers as being the standards of reference for Noru~ American 

terrestrial faunas of early and middle Paleocene age, respective l y .. 

H. E. Wood and others (1941) proposed that the 11 Puercan" and 

"Torrejonian" be designated as provincial ages of the early and middle 

parts of the Paleocene epoch of the Tertiary period. Late Paleocene 

fossils occur in the northern part of the Central basin southeast of 

Durango, Colorado in beds mapped as the "Wasatch" formation b y 

Ree side ( 1924), and Cross and Larsen ( 1935). The rocks containing 

the fossils were called the "Tiffany beds" by Granger (1917, p. 8Z9) . 

Fossils of the Tiffany fauna were described by Matthew (1917), Matthew 

and Granger (1921), and by Simpson (1935a, b, c). 11 Tiffanian11 now 

designates the provincial age of the late Paleocene (H. E. Wood and 

others, 1941;' Simpson, 1948, p. 275-276). 

Torrejonian fossils have been found in the upper part of the 

Nacimiento in Encino Wash (Arroyo Torrej..:>n) and upper Arroyo San 

Ysidro in the southern part of the area. However, until rec.ently no 

fossils had been reported fronl the Nacimi~nto formation at its type 

131 



locality at the southern end of Mesa de Cuba. Recently Simpson {1959) 

reported Torrejonian fossils occurring west of Arroyo Chihuila (A:royo 

Chiuilla on Fig. Z) several miles west of the southern end of Mesa de 

Cuba, and also northeast of Cuba. These fossila are distributed 

vertically from near the top of the Nacimiento to within 100 to lZS 

feet of what Simpson consid~rs to be the base of th""! fo1mation. Puercan 

fossils have not been found in the area of the present report. nor have 

Tiffanian fossils been found Thus, on the basis of the posi tive evidence 

presented by fossils, the Nacimiento formation of the present area can 

· be dated only as middle Paleocene , However, the base of the Nacimiento 

(and top of the Ojo Alamo) are below the level indic'ited by Simpson in 

his section of the type locality, and the::-e ar~ more than ZOO ieet of 

beds in the lower part of the type Nacimiento from which fossils have 

not been collected. The lithology of the lower part of these beds is 

similar to that of the beds in the lower 75 ieet of the Nacimiento which 

contain Puercan fossils at Kimbetoh Arroyo and Ojo Alamo Arroyo 

west o:f the present area (Sinclair and Granger, 1914, eBp6eially fig. ~). 

Thus it seems possible and ev~n likely that beds of Pu~rcan (early 

Paleocene) age are present in the vicinity of the Rio P\le~co and elee­

whe re in the area of this report. 

Dane (1946) has expressed the opinion that th~ r6ckl mapped 

as Wasatch in the northeastern part of the San Juan .Basin inclu . beds 

laterally equivalent to the Tiffany beds of late Paleo<;eJ\e "¥". !J1' 
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Tiflany fauna baa aot been found in 

rate faunae of Eocene a,e have not 

• 
loweat 500 feet or more of the Waaatch in 

atmpaon (1948, p. 377) po•tulate• that there ie an important hiatua 

between the Nacimiento form•tM~t ADd the San Joae formation (Waaatch 

of Dane and previoue workera), reaeoniq that the Nacimiento ia pro· 

bably no youn1er than middle aleoc:e reportin1 that he had fowld 

Eocene foeaile within 50 feet of M of 11M San Joae formation. 

Simpeon (1959) hae confirme• · eadier (194 ) atatement concendn1 

the a1e of the upper part of tiM 1't of 

preaeut area. The preaeat wri r lar 

unconformity exiata betweea ciaieato Uld San Joae ia tM area 

between aea. 7 • 2G. ':". U • , Jt~ l &. The aaadatoM ma.,_d aa 

t above this eandetoae. Aa tU 

'baM of the taa Joae. the writer ia 

.. at dt.e baa• of tU s- lOH M 

type locality of the Naci~.-,o an at about tM aaaae 1trati1raphic 

poeitioa aa thoae in aec. 21, T. 2-6 N. , a. 1 a. 

are pnaeut. Thia conclua i ie 

latiODe of the San J oae. T 
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beveling of the upper part of the Nacimiento 'by the: Sun Joae. AHg1.1l<&.l' 

unconformity was observed at the base of the San Jose in sec. 11, T. Zl 

N., R. 1 W. Thus, it seems probable that the Nacimiento formation 

exposed at the surface in most of the area is of early and middle 

Paleocene age, and is overlain unconformably by early Eo<:ene b~ds 

of the San Jose as suggested by Simpson (1948). 

However, in the northern part of the area the Nacimit!nto is 

locally almost 1, 800 feet thick. This is more than twice as thick as 

the Nacimie.nto exposed in the southern part of the area where Torrejonian 

fossils are present near the top of the formation. It seems reasonable 

that upper beds of the Nacimiento formation in the northern part of the 

present area might be of Tiffany (late Paleocene) age. The upper 

arkosic conglomeratic sandstones of the Nacimiento are lithologically 

similar to some of the beds containing the Tiffany fauna at the Mason 

quarry north of Tiffany Station in Colorado (Fig. 1). The Tiffany beds 

in Colorado contain large quantities of tuffac~ous material and olive­

green shale 1nore similar to the Animas formation than to typical 

San Jose rocks. The rocks several hundred feet above the beds contain­

ing the Tiffany fauna are more similar to typical San Jose rocks than 

are-the Tiffany beda. Barnes (lc;.S3) mapped (bed 11d 0
) the r<~ckl specified 

by Reeside (1924, p. 55-56) to be the basal a:rkose of the Wa.satch at 

the northern end of the H-D Hills about lZ miles north-nortbea~Jt of the 

134 



Mason quarry. Reeside had specified that Tiffany fossils occurred in 

he l<..)wer part of the beds he mapped as Wasatch. However, Barnes 

found that the base of the Wasatch (bed "d" of Barnes) as defined by 

Reeside's stratigraphic section could be traced southward to the south 

e'!'ld of the H-D.Hills, and that the Mason quarry with its Tiffany 

fossils is about 280 feet below the position of rocks mapped as basal 

Wasatch at the north end of the H-D Hills. If Barnes I tracing of this 

contact is correct, Reeside's (1924, pl. 1) lower contact of the Wasatch 

in the valley of Los Pinos River north of Ignacio, Colorado is consider­

ably lower stratigraphically than it is at the north end of the H-D Hills, 

and Reeside included in the Wasatch the Tiffany beds whose lateral 

equivalents he excluded from the Wasatch elsewhere. It is the writer's 

opinion, based on reconnaissance tracing of the base of the San Jose 

formation in much of the western and northern parts of the basin, that 

the Tiffany beds probably should be included in the Animas formation, 

and that they probably are below the stratigraphic position of the base 

of the typical San Jose. Detailed tracing of beds to supplement the 

observations of Barnes (1953) probably would solve this problem. 

In summary, rocks mapped as the Nacimiento formation in 

the present area are probably of early (Rlercan) and middle (Torrejonian} 

Paleocer..e age at the surface of most of the area. The upper part of 

thf:' Nacimiento north of Arroyo Blanco in the Northern Hogback Belt 
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could be of late (Tiffanian) Paleocene age. Bec au se the Na, .n i !.O 

formation is so much thinner in the southern part tJ f 1ne r... r a La n 

the northern part, it is doubtful that rocks of latf; Fal et.,ce n oe a.gt: :e 

present in th~ Penistaja Cuestas sector. The Nacimiento formation 

of the present area surely correlates with rn•ISt of the Animas forma­

tion in Colorado, but the lower beds of the Animas probably are 

equivalent to parts of the Ojo Alamo sandstone, and perhaps to part of 

the unit mapped as undivided Fruitland formation and Kirtland eha1e in 

the present area. 

San Jose Formation 

Definition 

Resting on the Nacimier..to formation with er_osional and angular 

unconformity throughout the area is a sequence of sandstone and shale 

mapped by previou.s investigators as the Wasatch forrnatio~.. The names 

"Green River" and later, "Wasatch'', were applied to these rocks by 

Cope ( 187 5 and 187 7) who found Eocene fossils similar to those of the 

Wasatch formation of Wyoming. The Eocene ·fossils were found by Cope 

(1875) in two horseshoe-shaped areas of badlands south of "Canoncita 

de las Vegas 11 (now known as Canyoncito de las Yeguas) in the north­

eastern part of the present area. In his excellent sununary of the 

history of the terminology of the Eocene of the San Juan Ba•in, Simop&on 
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( 1948, p. Z6Z) identifies the horseshoe -shaped badlands t.entative~y s 

the upper parts of Arroyo Blanco, and "Arroyo Alrnagre" (Almagre 

Arroyo on Fig. Z of the present report). 

In his first (187 5) description of the rocks which he later (1877) 

called "Wahsatch", Cope described fossiliferous "variegated marbu 

lying above the massive sandstones in which "Canoncita de 1aa V 

(Canyoncito de las Yeg:1-1as) is cut. Cope pointed out that the variegated 

bede closely resemble the Wasatch beds of Bear River, Wyoming. These 

variegated beds he definitely intended to include in the "Wahsatch11 forma­

tion, but it is not certain that he intended to include the underlying 

massive sandstones also in the "Wahsatch". However, under the mas­

sive sandstones are rocks described by Cope as being "marla" of 

"mixed black and green colors" (the Nacimiento formation) which, he 

atated, are the lowest beds of the Eocene. Cope traced these bede 

southward for ''40 miles" (actually about ZS miles) to the vicinity of 

Nacimiento (present-day Cuba}. To these rocks he applied the name 

"Puerco marls", and seems to have considered the overlying thick 

sand~ton.e (in turn overlain by the variegated "marla") west of th 

Rio Puerco as being the same as the sandstone beneath the variegat d 

beds at 11 Canoncita de las Vegaa". At any rate, by implicatiota. the 

sandstones were included with the "Wahsatch11 v riegated beds. and they 

definitely were not included with the underly.iJ11 be ~ de•cdbeo • 
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reo 1811 • Thi1 terminoloay (emended to Wasatch) aa aenerally 

aaiiMIIuJp .. veral reri1iona of nomenclature were propoaed, mainly by 

• • •· (See Simp•on, 1948, p. Z69-Z71 and Z73-Z80, for a 

cu••ioa of tiM hiltory of the terminoloay.) 

Alt;bo\lp the term Waaatch formation was used by later inveati-

aaton for rock• ia the pre•eat area, difle1!8Dt inveatiaator• included 

differeat rock• in the formatioa. GardDer (1909, pl. Z) mapped tile . 
ck yarleaated ahale• and interbedded aandatone• (the varieaated 

"marl•" cle1cribed by Cope) lyi aorth of Meaa de Cuba as the Wasatch 

formation. The thick aandatoae• at Canyoncito de laa Yeauaa were 

excluded from the Waaatch by Gar er (1910, pl. 2.), althouah in 

quoting Cope ("1875), Gardner (1910, p. 703-705) inserted the term 

Wa•atch in bracket• after Cope '• deacription of the sandstones at 

Canyoncito de laa Yeaua•· The "ick conalome ratic eandatonea of 

Meaa de Cuba and other meaaa and cueataa farther weat were mapped 

a• the upper part of the Puerco formation by Gardner (1909) and later 

were 1pecified (Gardner, 1910) to be the Torrejon formation. Renick 

(1931, p. SJ) accepted Garclaer'• claaaification of the Torrejon and 

Paerco, and included the aa toaea of Meaa de Cuba in the Torrejon. 

Reaick (1911, pl. 1) mapped the baae of the Waaatch at about the aame 

•r.U,rapbic po•ition north of Cuba aa did Gardner (1909, pl. Z). 

f. r, bme.k U931, p. 55, pl. 1) ahowed that Gardner'• mappina 
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of the base of the Wasatch along the foot of San Pedro Mountain waa 
!J 

largely incorrect. 

Dane (1936, p. 125, and pl. 39) mapped the Wasatch to include 

not only the variegated shale mapped as Wasatch by Gardner and by 

Renick, but also to include the thick sandstones capping Mesa de Cuba 

and the mesas and cuestas to t~e west that Gardner and Renick had 

included in the Torrejon formation. Dane (1946, 1948), and Wood and 

Northrop (1946) placed the lower contact of the Wasatch at the base of 

thick arkosic sandstone lying under the variegated shales in the San 

Pedro Foothills and Northe1·n Hogback Belt. 

Simpson (1948, p. 277-280) proposed that the term "Wasatch" 

be discarded and proposed that the name San Jose formation be applied 

to these rocks, stating that they were deposited in an entirely different 

sedimentary basin from that of the type Wasatch in Wyoming and that 

the age spans, although overlapping, were not the same for the two 

formations. The type locality of the San Jose formation was designated 

(Simpson, 1948, p. 281) as the badlands area in the drainage of San 

Jose Creek along and near the Continental Divide about 1 mUe northwest 

of Regina, New Mexico " In the type region, which is the ea-stern part 

of the pre sent area between Canyoncito de las Yegua.a and Cuba. the 

San Jose consists of several major intergradirllitholog · c facies. These 

were recognized, but not mapped, by Simpwn U 948, p. 367 -37.() who 

described them as the "sandstone facies of Yeguas Canyon", and the 
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"Almagre" and "Largo" clay facies. The Almagre and I..-rgo clay 

facies of Siml?son are the beds containing the early Eocene Alroa.gre 

and Largo vertebrate faunas named by Granger (1914, p. ZQS .. ZO"/). 

The San·Jose formation of the present report is equivalent to 

the San Jose. as defined by Simpson (1948). The lower contact is the 

same as that specified by Simpson (1948, p. 367; .also, personal 

communication, 1959) in sec. 20, T. 24 N., R. 1 E., and this contact 

is believed to be nearly equivalent to the contact at the base of the 

sandstones capping Mesa de Cuba, and smaller mesas about 1 mile 

northwest of Cuba. The sandstones capping Mesa de Cuba were spe­

cified by Simpson (1948, p. 367) as being within the San Jose, thus 

the San Jose is essentially the same unit as the Wasatch mapped by 

Dane (1936) and by Wood and Northrop (1946). In the northeastern 

part of the area the base of the San Jose, as mapped for the pre-eent 

report, is approximately equivalent to the base of the Waeatch mapped 

by Dane (1948) in the northeastern part of the San Juan Basin. 

Although the several lithologic facies of the San Jose are com­

plexly interrelated they are mappable units. The present writer has 

distinguished four lithologic units and mapped them as members of 

the San Jose formation. Throughout the present area the lower part 

of the San Jose consists mostly of conglomeratic sandstone here .... .u. ..... 

the Cuba Mesa r.nember. In most of the southern two-thirda of the 
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area the Cuba Mesa member is overlain by d:rab --colu r •:d, vr.t ic-~a t~d 

shale with interbedded soft to hard sandstone here named the Regina 

member of the San Jose formation. In the northern part of the area, 

the Regina member is overlain by a persistent unit of ledge -forming 

sandstone, and in the southern parts of T. 2 5 N., R. 1 E. and R. 1 W. 

the Regina member intertonguf's with and grades laterally northward 

into a thick sequence of sandstone of which the persistent sandstone 

just descril?ed is a medial part. This thick sequence of sandstone is 

here named the Llaves (pronounced ''Yah-ves 11
) member of the San 

Jose formation. The upper half of the Llaves member grades south­

ward and westward into a unit of rocks that consists mai nly of red 

shale and soft sandstone but also contains lenticular ledge -forming 

sandstone. This unit, here named the Tapicitos member of the San Jose 

formation, lies above the pe::.-sistent medial sandstone of the Llaves 

member on the northern part of the Tapicitos Plateau. These members 

are discussed more fully in succeeding pages of this report. 

Extent and Thickness 

The San Jose formation is the surface formation in most of th 

Central basin of the San Juan Basin, and is at the surface in most of the 

present area of investigation. The San Jose has been eroded deeply, 

and the differential resistance to erosion of its units of sandstone and 

shale produced a varied and, in places, rugged ph ysiography. Because 
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of this physiography, the thickness of the San Jose vanes Cf.ms~derahly 

throughout the area. 

Along. the Continental Divide at the northern edge of the Penis­

taja Cuestas sector the San Jose is estimated to be as much as 730-750 

feet thick, including the thickness of rocks forming the high mesa on 

the divide in the north-central part of T. ZO N., R. 4 W. This estimate 

is based partly on information from the Skelly Oil Co. No. 1 White 

well in sec. 8, T. Zl N., R. 4 W. However, in the broad washes that 

drain northward from the Continental Divide to Canyon Largo in this 

vicinity, all the San Jose except the lower part of the Regina member 

and the underlying Cuba Mesa member has been removed by erosion 

and the San Jose is only 200-400 feet thick as determined by logs of 

wells. 

In the area north of Mesa de Cuba, the composite thickness of 

the San Jose is about 1, 430 feet along State Highway 44 between sec. zo. 

T. 21 N., R. 1 W. and the high mesa on the Continental Divide in 

sec. 28, T. 22 N., R. Z W. In the broad alluvial valley of San Jose 

Creek near the southwest corner ofT. 22 N., R. 1 W •• the San Jos 

is estimated to be about 800 feet thick. In the San PedrQ Foothills in 

the SW 1/4 sec. Z and SW 1/4 sec. 3, T. Zl N., R. 1 W., the pre.· 

served part of the San Jose is about 865 feet thick. ln the Yeg\tas 

Mesas region the San Jose is about 1, 650 feet thick, as determined 

from composite sections. 
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In the north-central part of the area, on the Tapicitos Plateau, 

the San Jose is 1, 700-l, 800 feet thick, as determined from logs of 

wells in T. Z6 N., R. Z W. Farther south on the Tapicitos Plateau 

the base of the San Jose rises structurally and its upper beds have 

been eroded. The thickness of the San Jose in the southern part of 

T. Z4 N., R. Z W. is 1, 300 feet or less. 

In the Largo Plains more than half of the San Jose formation 

has been removed by erosion. The formation is thinnest along Canyon 

Largo and the western parts of its tributaries where the Cuba Mesa 

member is exposed because overlying beds have been stripped away by 

erosion. In the vicinity of Otero Ranch in the southwestern part of 

T. Z4 N., R. 5 W., the San Jose ranges in thickness from a little less 

than ZOO feet to about 300 feet as determined from logs of wells. In 

the eastern part of the Largo Plains, in the northern part ofT. 2Z N., 

R. 3 W., the San Jose is 800-900 feet thick. 

Cuba Mesa Member 

Throughout the present area of investigation., and elsewhere in 

the Sari Juan Basin, the lower part of the San J-ose formation consists 

of conglomeratic, arkosic sandstone containing mih<>r amounts of 

lenticular reddish, green, and gray shale. These rocks are here named 

the Cuba Mesa member of the San Jose formation for exposures on the 

upper slopes and top of Mesa de Cuba (known abc b its anglicized form 
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highest part of the Cuba Mesa member is a sandstone about 52 fee-t 

thick. Above the Cuba Mesa member is variegated shale and soft 

sandstone with several 1nterbedded thick sandstones similar to those 

of the Cuba Mesa member, but mapped with the Regina member. These 

sandstones in the Regina member do not merge with the Cuba Mesa 

member · and are separated from it by thick ur:its o f shale of the Regina. 

The Cuba Mesa member intertongues W:th the Regina member 

at other places in the area. Where the Cuba Mesa member consists 

of one unit of sandstone i t is des i gnated on the geologic map (Fig. 2.) 

as Tsc. Where tongues a!'e present, the pe :::-sistent lower sandstone 

of the member is designated as T s c 1, and the sandstone tongues of the 

Cuba Mesa member are designated st!c cessively as Tsc2 , etc., from 

lowest to hjghest. 

The Cuba Mesa member is much thicker at the northern end of 

Mesa de Cuba than elsewhere in the area. To the southwest , in th *.': 

vicinity of Arroyo Chiuilla, the uppe r part of the Cuba Mesa n1~ mber 

is split into two tongues by westward-thickening tongues of r ddi sh 

sandy shale (Tsr) which merge laterally wet!$tward ir.to the R~gina 

member. The two upper sandstone tongues of the Cuba Mesa member 

wedge out westward into the Regina member near the southwestern 

corner ofT. Zl N., R. Z W. The lower part of the Cuba Mesa member 

persists to the west and is estimated to be a 

T. 2.1 N., R. Z W. West of he re i t is •plit 7 

14 5 

2.30 feet thick in a c . 33, 

two persistent units of 



sandstone separated by a thick unit of variegated shale mapped as a 

tongue of the Regina member. The lower sandstone unit of the Cuba 

Mesa member is about 50 feet thick and forms a low ledge or weak 

cliff abov~ the Nacimiento formation. The upper unit of the Cuba Mesa 

fr)rtn a ligher prominent escarpment of sandstone locally more than 

60 feet thic • ln. $~C. · ZS, T. 2.1 N., R. 5 W., the tongue of Regina 

shale wedges out and the two lower sandstones merge. From sto.c. 36, 

T. ~lN .• R. 3W. westwardtosec. 34, T. 21N., R. 4W. aledge­

forming, coarse -grained sandstone tongue of the Cuba Mesa member 

occurs interbeddedin the lower part of the Regina member. In sec. 

34, T. 21 N., R. 4 W., this sar..dstone merges with the underlying 

main part of the Cuba Mesa member as the intervening tongue of the 

Regina member wedges out. West of here the tongue uf shale . of the 

Regina member is present again but wedges out in sec. 19, T. 21 N., 

R. 4 W., and westward from here the Cuba Mesa member is essentially 

one massive unit of cliff-forming, thick-bedded sandstone about 220 

feet thick and containing very l:.ttle shale except near the base wh.e re 

thin beds of shale are present bcally. Lenticular beds of sandstone 

similar to those of the Cuba Mesa member occur in th~ lower part of 

the overlying Regina member, but they are separated from the Cuba 

Mesa member by gray and variegated shale of the Regina member. 

North·eastward from the typto. section at the northern end of 
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Mesa de Cuba, the two upper sandstone tongues of the upper part of 

the Cuba Mesa member wedge out into the sandy variegated shale of 

the Regina mem~r. The lower part of the Cuba Mesa member, about 

490 feet thick, is split into two units of sandstone by a tongue of var­

iegated shale of the Regina member. The tongue of the Regina member 

seems to thicken northeastward mainly as the result of late:r~l trans-

ition .;:; ! the lower part of the upper tongue (Tsc2 ) of the Cuba Mesa 

membel:' into sandy shale. The two units of sandstone persist as far 

north as the SW 1/4 sec. 2, T. 21 N., R. 1 W. where the lower sand-

stone (Tsc
1

) contains several beds of shale and is 152 feet thick. The 

included tongue of the Regina member is about 200 feet thick, and the 

upper sandstone tongue (Tsc
2

) of the Cuba Mesa member is only 37 feet 

thick. North of here the upper sandstone tongue of the Cuba Mesa member · 

eith-er wedges out, or is represented by thin, soft, lenticular sandstone 

included with the Regina member. The lower sandstone unit (Tsc
1

) 

of the Cuba Mesa persists to the north in the San Pedro F'oothills and the 

Northern Hogback Belt. This unit, probably equivalent to only the lower 

150-200 feet of the Cuba Mesa member at the type loc~lity, is folded 

sharply in the San Pedro Foothills, and dips steeply west or is vertical. 

In the Northern Hogback Belt northward from sec. 20, T. 24 N., R. 1 W. 

the dip of .:he Cuba Mesa member becomes less steep because the outcrop 

is farther west of the monoclinal fold along the eastern margin of the area. 
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In the eastern part of the area the ttxi<.kncHII~J of tht: Ctlb4 Meau 

member varies because of the erosional and angular unc.onforlT'.i.ty at 

its base. This relation~hip is well exposed in the north wall of 

the canyon in the SW 1/4 sec. 11, T. 21 N., R. 1 W., where the 

I 

lower unit of sandstone of the Cuba Mesa member is about 180 feet 

t~ck at the bot~o~ of the ca~yon, but updip at the top of the ridge, it 
o j l • I 

is about half as thick. The thickness of the Cuba Mesa member is 

difficult to me a sure in the San Ped!I'o Foothills and southern part of 

the Northern Hogback Belt, but in much of this region it is probably 

less than 150 feet thick. 

In T. 24 N., R. 1 E., the Cuba Mesa member consists of 

three sandstone units separated by tongues of variegated shale of the 

Regina member. The two upper sandstones of the Cuba Mesa member 

(Tsc2 and Tsc
3

) tongue out southward into the Regina member , with 

the upper tongue persisting farther south than the medial tongue. In 

the SW 1/4 NE 1/4 sec. 1, T. 25 N., R. 1 E., the persistent. lower 

sandstone of the Cuba Mesa member is 27 feet thick. Tht.- lowf"r shale 

tongue of the Regina is 51 feet thick; the medial sandstone tongue of 

the Cuba Mesa is 61 feet thick; the upper tongu-e of the Reglna i & l« 

feet thick; and the upper sandstone tongue of the Cuba Mesa, containing 

thin shale beds, is 65 feet thick. Logs of wells in the vicinity of ArTOyo 

Blanco indicate that the three sandstone tongues of the Cuba Mesa persist 

from some distance to the west in the subsurface, and then .xnerge into 
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a thick unit which is mainly sandstone. At the surface, in •er.:.. 30, 

T. 25 N., R. 1 E., the shale tongues of the Regina member become thw 

and the three sandstone tongues of the Cuba Mesa member merge \nto a 

unit which is mostly sandstone, and is 335 feet thick in the SW 11 

NE 1/4 sec. 18. T . 2 5 N. , R. 1 E. 

Along the eastern side of the Yeguas Mesas the Cuba Me a 

member is overlain by the Llaves member consisting mainly o! sand­

stone. The upper contact of the Cuba Mesa member is distinguishable. 

however, and it was mapped at the base of a unit of red, shaly eandstone 

and sandy shale which is the lower part of the Llaves member. 

In the western part of the area the Cuba Mesa member crop8 

out and forms massive cliffs along Canyon Largo and the we•tern parts 

of its tributary canyons. On the basis of well logs, the average thickness 

of the Cuba Mesa member is estimated to be about 200 feet. The co c 

of the Cuba Mesa member and the underlying Nacimiento form ion · • 

not exposed in the western part of the area, but is exposed in Canyon 

Largo west of the Jicarilla Apache Indian Res\'eration. In moat of 

western part of the area the Cuba Mesa member is overlain by a th-

unit of light-gray and variegated shale assigned to the Regina member. 

Northward, this lowest shale unit of the Regina is replaced gradually by 

sandstone, and along Tapicitos Creek in the southwestern o 

N., R. 5 W., the Cuba Mesa member is overlain by lenticular £4\JUllatOI::e 

and shale that are equivalent to the lower shale unit of the .a.aina 
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rests on the Cuba Mesa member near Otero Ranch. 

In the subsurface of most of the area, rocks assigned to the 

Cuba Mesa member are 200-250 feet .thick. Locally, the lower part of 

the overlying Regina member contains thick lenticular l&ndwtone simi-

lar to the Cuba Mesa member, but separated from it by units of shale. 

From the northern part of Mesa de Cuba, the thick upper tongues of 

sandstone of the Cuba Mesa member persist northwestward in the sub­

surface for 8-10 miles, but the sandstones are separated by westward­

thickening tongues of shale of the Regina member, and the •andstones 

become thin and lenticular as they do at the surface. Where the .and­

stones seem to become lenticular, they are assigned to the Regina mem ­

ber (Fig. 7). In the subsurface of the northern part of the area, the Cuba 

Mesa member thicken• northward as the result of merging with northwa~d ... 

thickening tongues of sandstone in the lower part of the Regina xnember 

as it does at the surfa.ce in the northeastern part of th~ area. Rocks 

a.asigned to the Cuba Mesa member in the subsurface of the northern 

part of the area (Fig. 5) are arbitrarily separated from the ov.erlyt 

Llaves member on the basis of their thickness {about 350 feet) which is 

comparable to the thickness of the Cuba Mesa member at the 

of Canyoncito de las Yeguas (335 feet). 

rface 

The sandstone of the Cuba Mesa member i s coarse &i"ained o 

very coarse grained, and contains granules, p bles, and cobbles. T e 

coarsest part of the Cuba Mesa member is in th northeasterD part of 
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the area. Most of the sand grains are angular to subangular, but th 

pebbles are commonly well rounded. The sand is mainly quartz, but 

fragments of feldspar and chert are common at all localities. Most 

of the pebbles are gray quartzite and quartz, but pebbles of granite. 

pink quartzite, and pink, red, gray, and buff chert are cornmon also. 

A few pebbles of volcanic rock were observed. At most place e 

1
sandstone beds are tangentially cross bedded, and they seem to be 

stream-channel deposits. Silicified and carbonized loge are c:ommon 

in the sandstone at some places. The sediments of the Cuba Meaa 

member were deposited probably by streams flowing to the est and 

southwest from highlands east and northeas.t of the present Juan 

Basin as indicated by eastward coarsening of the sediment• composing 
' 

the rocks. These highlands must have been composed m&inl f "T •te 
) 

and metamorphic rocks of Precambrian age. The local thick.e 

the Cuba Mella member at the type locality, and also a • ort 

west of the present area, may indicate source area a the at of the 

basin also. The source areas for most of the Cuba Me tnember re 

probably the same as those for part of the NacimientQ to,.- ti ... 
the Brazos and Sangre de Cristo uplifts and, perhaps~ part of. 

dome. The numerous quartzite pebbles and cobblee · 

quartzite terranes of the Brazos uplift described by J ( 
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aiDa Member 

Resting conformably on the Cuba Mesa member in the southern 

_....oEWo-thirda of th• ana is a thick sequence of clay shale, •iltstone, •oft 

...... tODe, and •ome ledge-forming, hard •andstone. The•e rQcks are 

renamed the Reaina member of the San Jose formation for exposures 

ar the town of Re.aina. The rocks are best exposed east of the Con-

tioental Divide in the badlands of the drainage ba•in of Arroyo Blanco 

iD T. z• N., R. 1 E. and R. 1 W. The Regina member consists partly 

oftbe rock• described in Simp•on'• (1948, p. 371-374) stratigraphic 

aec:tioaa Z and 3 which are part of hi• composite typical •e ction of the 

Saa Joae formation. Simpaon mea•ured the•e aections on the aouthern 

rim of Arroyo Blanco and near the Continental Divide in •ec. 8, T. Z3 N., 

Jl. 1 W. However, Simpson'• 1tratiaraphic 1ection1 (•hown graphically 

on l'il· 3) do not include the lower part of the San Jo•e which he estimated 

(19.8, p. 37") to be Z00-300 feet below the base of hil ltratiaraphic 1ection 

3. If the present writer'• correlation• are correct, the base of Simpson's 

lowest atratigraphic aection may be 700-800 feet above the baae of the S,an 

Jo1e. For this reason the type locality of the 'Regina member i• here 

specified to be in the badlands and 1teep slopes to the west in the ~W 1/4 1 

I I I 

sec. 31, T. lS N., R. 1 E. and theSE 1/4 sec. 36, T. ZS N., R. l W. 

The locality of measurement (3b) is shown on the geologic map (Fig. Z), 

~ detailed description of the stratigraphic section is given at the end of 

thh "'"'Pf:),'t, ~-nd the section is shown graphically on Figure 3. 
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At the type locality, the Regina rnembe r h about ~// S t e [ t i c 

and rests conformably on pebble- and cobble-bearing, coarse-gra.ined, 

arkosic sandstone of the Cuba Mesa member. The Regina member 

consists mainly of soft beds of clay shale, siltstone, mudstone, shaly 

sandstone, and sandy shale, but contains also numerous beds of soft, 

! ' 
fine- to coarse -grained, argillaceous san.dstone, and a few beds of 
. . , I 

resistant conglorneratic, arkosic, cliff-forming sandstone. Mo t o f 

' 'the shaly beds are light gray, tan, or olive gray, but bands of dull 

' I . 
purt>le·, • maroon, and soineo green shal~ are common and are typical 

of the member. Pale -red to maroon shale is most common in the upper 

one-fourth of the member throughout the region. Sandstones ran e in 

color from white to buff, gray, and brown. The Regina member as .znapped 

by the writer includ.es the ''Almagre facies" of Simpson (1948, p. 368} an 

the red shale and sandstone . along the Continental Divide north o f gina 

that were specified by Simpson ( 1948, p .. 369-371) to be the lower rt 

of the ''Largo facies". No persistent, mappable lithologic boundarywa:s 

found to separate the Almagre beds from the lower .part of the Largo beds. 

At the type locality, the Regina member contains. near the mi 

and near the top, several beds of resistant conglomeratic sandsto 

These sandstones are tongues of the Llaves member and they we e o t 

to the south or become soft discontinuous lenses enclosed :in • f e 

Regina member. To the north, the 1andstone beds thicken a the 

vening shale units of the Regina thin, or pass laterally into shaly san stone. 
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North of sec. 19, T. ZS N., R. 1 E., the stratigraphic interval equival nt 

to the Regina member is nearly all sandstone or shaly sandetone which are 

assigned to the Llaves member. This transitional relation•hip wa• first 

recognized by Dane (1946) who described it generally, but did not subdivide 

the rocks he assigned to the Wasatch. 

At the type locality, the Regina member is overlain by a ledge• 

forming conglomeratic sandstone of the Llaves member. Southwest 

of the type locality, this sandstone and several stratigraphically higher 

beds of the Llaves member wedge out to the south between southward­

thickening tongues of the Regina member. Because of this relation·· 

ship, the upper contact of the Regina member is stratigraphicallyhigher 

to the south than it is at the type locality. The highest thick persistent 

sandstone of the Llaves member on the ridge above the type locality of the 

Regina is believed to be at about the same stratigraphic position as e 

persistent medial sandstone unit of t~e Llaves membet' •hicb rests on the 

Regina member in the northern part of the Tapicitow Plateau. hick, 

ledge -forming, lenticular beds of sandstone inter'bed~d with red and ri­

egated shale occur near the top of the Regina member at place• along 

Continental Divide nearly as far south as Cuba and al•o in the southern 

part of the Tapicitos Plateau south of Canyon Largo. The stratigraphic 

position of these sandstones is judged to be below tha.t of the 

medial sandstone unit of the Llaves member. The highe•t ic • to e 

capping the mesa on the Continental Divide north of Regina in ca~ 6 
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and 21, T. 23 N., R. 1 W. is probably equivalent to the medial sand•tone 

of the Llaves member. The higheat beds of persistent thick sandstone on 

the narrow mesas along the Continental Divide in sees. ll and 28, T. ZZ 

N., R. 2 W. ·also are probably equivalent ·to the medial sandstone of the 

Llaves member. 

The lithology of the Reaina member at the type locality is .typic:al 

of the member throughout the area. Most of the member is composed of 

drab-colored, variegated shaly beds of clay, 8iltstone, and mudstone with 

intercalated soft, argillaceoua sandstone. Beds of thicker, more persia­

tent conglomeratic sandstone interbedded in thick shale are fairly common 

in the lower third of the member as well as in the upper part. In the 

subsurface of the northern part of the area, the Regina member inter­

tongues with and grades northward into the lower part of the Llaves 

member, as it does at the surface in the northeastern part o_f the area. 

The lithology of parts of the Regina member in the San Pedro 

Foothills is not typical of the member elsewhere. Beds of greenish-gray 

clay shale and siltstone similar to Cretaceous rocks are interbedd d ith 

thin conglomeratic sandstones containing nume roue pebble.s of sa dstone, 

shale, and lime stone. Cretaceous shark teeth, as well al!l Tert' ry 

mammal teeth occur in these beds. It is believed. that much of the eedi-

mentary detritus composing these beds was eroded from Cr 

older sedimentary rocks of the Nacimiento uplift which see 

been tectonically active during deposition of t~e Regina member. 
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uppermost beds of the Regina member. ?l.'t~•er~Ve•l at. a. £~"' pl r 115 

the San Pedro Foothills, overlap the Cuba ¥esa. member and &lt ock• 

as old as the Mesaverde formation, and contain limestone and sands~ 

pebbles similar to those of the Triassic rocks exposed on the Nacimiento 

uplift. The stratigraphic relations of these overlapping rocks are discussed 

later. 

Because of intertonguing relationships of the Regina member 

with the Cuba Mesa and Llaves members, and because the San Jose 

formation has been eroded deeply, the thickness of the Regina meJDber 

varies greatly in different parts of the area. In the subs1.1rface of the 

northern part of the Tapicitos Plateau the Regina is about 1, 040 feet 

thick at the Humble Oil and Refining Co. No. 1 Jicarilla M ell U1 sec. 

Z3, T. ZS N., R. 4 W. To the northeast most of the stratigraphic 

interval of the Regina is replaced laterally by thick sandsto e f 

the Llaves member (Fig. 5). 

In the southern part of the Northern Hogback .Belt, and in the 

San Pedro Foothills, the Regina member has been eroQed deeply. The 

preserved lower part of the member ranges from a few feet to 80 

feet in thickness. In the high hills just west of the Continental Divide 

at the Abraham No. 1 Abraham well in lee. 17., 1'. 24 N .. ~ R. • , 

most of the Regina member is preserved and it is -.bollt l, 0 

This is almost three times the thickness of the meD).ber at type 

locality. The so1.1thward thickening is, in part, the rewlt of the .on"l"'-•· 
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tra.tigraphic rise of the upper contact of the Regina member owing to 

the wedging-out of sandstone tongues of the overlying Llaves member. 

However" ·the thickening is probably due mainly to southward thickening 

of rocb within the Regina member. 

long the Continental Divide in most of the Peniataja Cueetae 

c: or the part of the member preserved is no more than 500-600 feet 

thi~ • ln the Largo Plains the preserved part of the Regina member is 

only 100-300 feet thick near the weetern edae of the area, but the mem-
... 

ber becomes thicker northward and eastward as the land surface rise• 

toward the Tapicitos Plateau, and the Regina member is about 1, 100 

feet thick at the U. S. Smelting, Mining, and Refining Co. No. Z-Z 

Jicarilla 13? well in sec. Z, T. 23 N., R. 4 W. 

Lla.vea Member 

In the Yeguas Meeas, in the drainage of Canyoncito de las 

Yeguas. the San Jose formation is composed mainly of resistant, arkosic, 

conglomeratic sandstone which forms massive ledges. The sandstone 

contains also thin beds of red and variegated shale and shaly sandstone. 

This unit is here named the Llaves (pronounced Yah'-ves) member of the 

San Jose formation for exposures near the mouth of Canyoncito de las 

Yeguas about 1-1/4 miles northwest of Llaves Post Office. A strati-

graphic section of the lowe~ part of the Llaves member was measured 

11p the eastward-projecting spur of the mesa in the north half of sec. 18, 
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T. ZS N., R. 1 E. (locality 4 on Fil· Z). Here the lower part of the 

Llavea member i8 almost 700 feet thick and reata on aandatou of the 

Cuba Meaa member abOut 335 feet thick. Becauae the Llavea bed• clip 

weat, atratigra.pbically higher bed• are preserved farther weat. The 

highea_t bed• me aaured on the me aa near the mouth of Callyoncito de laa 

Ye1uaa are believed to be atrati1rapbically slightly lower than a thick 

sandstone exposed at the baae of the north wall of the canyon in the SW 1/4 

aec. 4, T. Z5 N., R. 1 W. In this section, al).d in aec:. 33, T. 26 N., 

R. 1 W., (locality 5 on Fig. 2) approximately 450 feet of upper beds of 

the Llavea member are present. These rocks conaiat of yellow and buff 

arkosic conglomeratic sandstone with red aandatoDe and some red aDd 1ray 

shale interbedded. Similar beda,eatimated to be about 150 feet thick.are 

present farther west near the Continental Divide; thua the Llavea member 

ia about 1, 300 feet thick in the Ye1ua• Meaaa type area. A description of 

the atrati1rapbic aecticna ia liven at the end of thia report and the ttrati .. 

graphic section of the lower part of the member ia ahown arapbically on 

Figure 3. 

The Llavea member i8 composed tnoatly of very coarse 1rained, 

conglomeratic aandatone. The a and i8 an1ular to aubaA,ular and conaiata 

mainly of quartz and quartzite araina, 'tNt fragmenta of plAk to .ray feld-

apar are abundant. Moat beda contain pebble• aa.4 coMJlea, 4 aome beda 

are very 1ravelly. The pebble• and cobble• are ro~d ucl •treua -.I'll. 
ao4 moat of them are white to aray and purplia metaqua.rt.tte. At IO!De-
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places, pebbles and cobbles of granite are common, and a few fragment& 

of gneiss and schist were observed. Pebbles of red and g;ay chert, volcanic 

rock, sandstone, and shale also were observed. The sandstones are 

highly cross bedded and range in thickness from lese than 10 feet to almost 

100 feet. The sandstones are characteristically light tan, buff, or gray, 

and commonly weather to a brownish hue which has led to their being 

described as copper-colored (Dane, 1946; Simpson, 1948, p. 366). 

The Llaves member contains numerous thin beds of clay shale 

and mudstone that are predominantly maroon, but are also green and 

gray. Also common are thin beds of red sandstone, sandy shale, and 

shaly sandstone. At places, especially in the upper 500 feet ofth 

rocks of this type form units as much as 50-60 feet thick. lt~d a 

stone with red shaly partings forms the basal unit, 85 feet thi k. o 

Llaves member on the east side of the Yeguas Mesas. 

As previously described, the lower part of the Llaves IDe r 

tongues out to the south into the Regina member at the surface and in 

subsurface. A persistent unit of sandstone containing .a few beds of 8hale 

at places, and ranging in thickness from about 50 feet to 1 0 

extends southward and westward from the main body of -•V1c 

and reets on the Regina member in much of the nor e 

This persistent sandstone unit is equivalent to be 

stratigraphic section measured at the mouth of Canyoncit 

Thus, the persistent unit is bout 700-800 feet .aouv·e •• 

more. 
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member and stratigraphically near the middle of the member. Remnants 

of sandstone believed ~o be equivalent to the persistent medial sandstone 

of the Llaves member cap high isolated buttes on the Continental Divide 

north of Regi~a, and on and near the divide in the southern part oi 

T. ZZ N .• R. Z W. 

The upper part of the Llaves member, above the position of the 

persistent medial sandstone, occurs only in the Yeguas Mesas. The beds 

of the upper part of the Llaves thin to the south and west, and are split._ 

by tongues of red shale which are assigned to the Tapicitos member of the 

San Jose formation. The details of the intertonguing in the western part 

ofT. ZS N., R. 1 W. are complex and the relationahipe shown on the 

geologic map have been generalized slightly. The units mapped as tongues 

of the Llaves member are sandstone beds which are persistent and can be 

traced into the massive sequence of Llaves sandstones. The units mapped 

as tongues of the Tapicitos member are. characterized by containing much 

red shale. However, they also contain lenticular sandstone bed similar 

to those of the Llaves member, but not merging into it. Thick beds of 

sandstone which seem to have been lenticular stream-channel depo•ita 

cap several mesas and buttes on the Continental Divide in T. ZS N. • 

R. 1 W. and farther to the northwest. Some of these sandstone beds are 

stratigraphically equivalent to sandstone. beds in the Llaves member 

but do not connect now with the Llaves. Therefore. these iaolated aand-

stones were mapped with the Tapicitos member. A •imila.r 
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of mapping was applied ·in delineatina tbe Ll~we• a.nQ. ",fapidt()l m emh.ers 

along the western side of the Yeguas Mesas. 

The lower part of the Llaves member persists in the subsur-

face across the north-central part of the area where it is 300-700 feet 

thick. The lower part of the Llaves member tonaues out aouth•ard mto 

the Regina metn.ber in the subsurface in a complex manner similar to 

that at 'the surface in the eastern part of the area. North of~ Pf:es.-ot 

area the lower and upper parts of the Llavea member tongue out to the 

north into a sequence of shale similar in lithology and stratiarapbic 

position to the Regina member. The medial sandstoDe and the lower pa:rt 

of the Llaves member persist to the northwest across the Central basin. 

The coarse -grained quartz.ose and arkosic sandeton a o f the • 

member appea.r to be first-cycle sediments deri'ftd f'rQm a terrane of 

Precambrian granite and .metamorphic rocks. The cobbles ~.ttd. ;pebbl 1 

of the Llaves member are mostly bluish a1ld gray met uartai •imil 

to the widespread metaquartzites of the Brazos u~lift iJust, 1!37}. Tbe 

granite pebbles and cobbles are dissimilar to the den••• ~eddi rown 

granite of the Nacimiento uplift but are similar to granite_ occur n1 i 

the Brazos uplift and western side of the Saft.tr6 de Crie 

which they probably were derived; The red sandstone and -.hf.l­

Llaves are similar to rocks of the Cutler fol'lll&tion (~~n) 

fortnation (Triassic) which proM.bly were eltpOHd in ~ B'l'a&o pU 

and probably in the· Nacimiento u~ft at this ti.:me. Much of the ed-color 
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sediment is probably second-cycle material derive.d f¥'om th.e Permian 

and Triassic rocks of the uplifts bounding the basin. 

As determined by reconnaissance investiaation in othel" pa.rts 

of the basin, ~he Llaves member appeal"& to be a large, narrow, north­

west-trendin& fan of coarse detritus dumped into the structurall 

deepest part of the Central basin by streams flowing northwestward 

from a Precambrian terrane east of the basin in the position of the 

present Brazos and Sangre de Cristo uplifts. The Nacimiento uplift 

may have s1Dod as low hills shedding sediment eroded from Paleoaoic 

and Mesozoic rocks exposed on the uplift. The position of tiM plift 

probably deflected streams flowing westward so that so of m 

directed around the northern end of the uplift and into the . , J1. r 

Canyoncito de las Yeguas. The northeastward thinnin& of the Re,m& 

member of the San Jose formation across T. 24 N. • R. 1 W. probably 

indicates that, at the time of deposition of stratiarapbically equivalent 

rocks of the lower part of the Llaves member, the monocline on the 

weste~ side of the French Mesa-Gallina uplift was bein& formed. The 

large northwest-trending anticlines of the Archuleta anticlinorium may 

have stood as topoaraphic highs. If this is so, the westward--flowiq 

streams carrying coarse detritus from the Braaos..s&ogre de Cristo 

region across the Chama basin probably were channeled a d 

southern part of the Archuleta. anticlinorium, and entered 

Basin near the position of Canyoncito de las Ye1ua•· Det 
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from ~climeutary rocks on the Nacimiento uplift and Chaco slo~ we r 

depoaitecl in the southern part of the basin ae the Reaina member and inter-

fingered with the southern edge of coar.se material of the Llaves member. 

Detritus, probably from the San Juan dome, was deposited as a facies 

similar to the Regina member, but on the northern side of the Llaves fan 

north of the present area of investigation. 

Tapicitos Member 

Above the persistent medial 1andstone of the Llaves member 

on the northern part of ~he Tapicitos Plateau is a •~ctuence of M~t'ooll 

and variegated shale with intercalated thin to thick lenticular sand-

atone beds that are (along with stratigraphically equivalent beds of th 

upper part of the Llave• member) the youngest rocks of the San Joee 

formation. This unit is here named the Tapicitos member of the San 

Jose formation for exposures in the upper drainaae of Tapieitos Cr•elt. 

and near Tapjcitos Po1t Office. The member is well expoeed a lso in 

the upper drainage of Gavilan Creek above Oavilan, in the eliHa attd 

lands ju1t west of the Continental Divide in the eastern part of T , 25 N. ~ 

R. Z W. and in the western part ofT. ZS N., Jl. 1 W. 

Exposures along State Hiahway 95 east of upper Oavilan Creek 

.. in sees. 1, Z, - ....... , T. ZS N., R. Z W. may be wn.ti . a.-e4 as typical 

•.RI!P,)•IIIll.Der altboup a •taUe4 ltrattaraphic eec • ., 
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aandsto~e of the Llaves member an4 is eetimated to~ a~ou.t 4.50 J; e 

thick. The lower part of the _Tapicitos member is about 3()C) feet thic 

and consists m:oatly of slope-forming pale-red to maroon clay shale, 

siltstone, and mudstone with some variegated white, Jt'ly, an pu.rpb 

beds. The shale contains lenticular, soft, white nd yello 

and some beds of hard gray sandstone. Above this h ton u 

one 

l tl e ... 1 v 

member consisting of several beds of hard coaree-gr-.ined aatt ttto:uc ot 

varied thickness. This sandstone tongue, Z0-30 feet thick, holds up cliffs 

and small benches, and farther west the tongue changes laterally into 

lenticular beds of sandstone included in the Tapicitos member. Above this 

is more slope-forming red clay shale, siltstone and inter~dd d sand 

shale and thin sandstone, all estimated to be about lZO feet thick. The 

Tapicitos member is overlain by a tongue c:i thick cliff .. forminl eudtlto 

of the Llaves member which caps the highest mesas on the Continental 

Divide to the north. The Tapicitoe member, as here defined, is equiva­

lent to moat of the "Largo facies" of Simpson (1948. p. 369) although the 

lowest beds of the Largo fa~ies are inclucled in the Regina member. A 

stratiaraphic section describing the Largo facies was xneaeured by Simpson 

(1948, p. 370-371) at a locality not precisely specifie<i near the head of 

the north branch of Oso Arroyo, in the southwestern part ofT. as N. • 

R. 1 W. A description of this section is included at the end of this report. 

The base of Simpl!lon1s stratigraphic section i s pr"bably about ZS-50 feet 

above the base of the Tapicitos member, and the highest beds described 
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•re probably nea-rly 'equivalent stratigra-phically to~e tongue of the Llaves 

member eparat;lng the lower and upper parts of the Tapicitol member 

aorth f Simps~n•a eectioa. 

The 'l'apiclt member on:tJM Tapicito~ Plateau consists mainly 

qf reclclb to maroon ahale, but at all places contai•beds of thin to 

tblcJl, ~c"ltt.r a-.ndatoue. Some of the sandsto.a. beds are ~rsi8tent 

for 1everal mile• .along the outcrop &Dd locally form strona cliffs. Theae 
I 

aanclatcmes are brown to yellowtail bufl, coarse 1rained and loc.tly con-

11ou. ratic, croa1 bedded, a.nc1 are litholoaically .tmil&r to sandstone of 

the Llave1 member. Other sandstone beda are ite, buff, or red; 

fine to coarse g-rained and araUlaceous; thin &Dd nonper1iatent; and are 

litholoaically •Un.l.lar to some 1andstones of the Jlegina .member. The 

·nateknea-.: of the Tapic:itoa member varies coasiderably because its 

upper surface has been deeply eroded. The maximum thickness is ·about 

500. feet, aad at most places, the preserved part of the member is no more 
.' -.I .... 

than Z00-300 feet thick. 

The Tapicitos member tongues out eastward into the upper part 

of the Llavea membe~ in the western part of the Yeguas Meaas. Thick 

toap•• of red shale of the Tapicitoa member arade laterally into red 

ahaly audatone, or are replaced laterally by yellowiBh-buff sandstone 

of the ·Llaves member. Some of the unite of reddilh sandstone and sandy 

•hale can be tx-aced fox- c idex-able distances within the Llavea membex-; 

b:awever; they a.:re mappt rbitr&rlly with the Llaves where they are 
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predominantly sandstone and sandy shale. 

The Tapicitos member seems to have been deposited aa flood ... 

plain and stream-channel deposits. The upper part of the Llaves member 

is probably a part of the main. fan of coarse detritus dumped where major 

streams flowing from the highlands at the east entered the San Juan 

Basin. The competence of these streame was lese than that of the streams 

which deposited the lower and middle parts of the Llaves member, or the 

neighboring highlands were worn down and did not contribut-e as much 

coarse sediment as they had earlier, because the extent of the upJM!lr 

part of the Llaves member is small compared to the extent of the lower 

part. The thick, coarse -grained, lenticular sandstones of the Tapicitos 

member were probably deposited in the main channels of streams flowing 

westward from the fan. Because the Tapicitos member and ita probable 

equivalents farther to the north and northwest are preserved only in 

limited areas in the axial part of the. Central basin, it it inipo8eible to 

infer more than a general picture of its distribution and facies relation­

ships. Probably the Central basin was tectonically quiescem .a.u.d W&l 

filled by sediments of the Tapicitos member which lapped out acrose the 

folded margins of the basin onto the surrounding platforms and slopes. 

This seems to be indicated by the overlapping relatione of rocks aeeigned 

to the upper part of the Regina member in the San Pedro J'oothilla near 

La Jara Creek and in the northeastern part ofT. 21 N., R. 1 W. 

similar overlaft -of Cretaceous .ro.cks by coarse saudatoM an4 1:e IIJba.le 
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of the upper part of the San Jose occurs on the Hogback monocline in the 

northwestern part of the basin (Baltz, 1953, p. 5Z-53). 

The environments of deposition of the drab ahales which charac­

terize the Re.gina member, and the maroon shales which characterize 

the Tapicitos member were discussed briefly by Simpson (1948) who 

referred to these rocks as the "Almagre facies" and "Largo facies 11 , 

respectively. Simpson quotes the conclusions of VanHouten (1945, 

p. 44Z-444) concerning the interpretation of alternate banding of red 

and pale clays common in continental deposits of the early Tertiary. 

Van Houten has concluded that the gray and drab-colored eec:l.i.J:!lenta were 

deposited in swampy lowland areas, whereas red beds were d.epoaited 

under drier conditions on savanna.M. Simpson (1948, p. 380-3&) 

infers that the Almagre facies (included in the Regina member of 

the present report) was deposited in a swampy environment, and that 

the Largo facie• (included in the uppermost part of the Regina mem­

ber, and in the Tapicitos member of the present repol't) waa depo1ited 

in savannah-like conditions. Although this inference eee~ma to be 

correct in the light of ecological evidence deduced from the fau'Dae f 

the two facies, the present writer believes that the main rea-aou fo:r 

the difference in color of the lower and upper parts of the San J se 

is the difference in color of the older sedimentary rocke f m 

the Eocene sediment• were derived. The Cret ceoue roc:ka 

seem to have provided much of the aediment of 
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cks which were posited in marine environemnts, 

s'\11ir.:!In.py lowland areas during Cretaceous time. Sediments eroded 

e rocks -were deposited in the San Juan Basin after having 

eu transported {or only modllrately short distances and were pro-

y b ri d rapidly, thus retaining much of their original characte..-. 

of as ic, Triassic, and Permian age which were exposed 

a pi o!Cretaceoua rocks from the uplifts aurrounding the 

a n w re already oxidized, and sediments derived from 

es ro ka were deposited as second- or third-cycle red beds of the 

upper part of the Regina member and the Tapicitos member. The 

lithology of some beds of the Llaves and Tapicitos members is strik-

ingly similar to that of the Chinle and Cutler formations. 

Contacts 

The San Jose formation rests on the Nacintiento formation 

' 

with erosional and angular unconformity. In the subsurface the Cuba 

Mesa member truncates successively lower beds of the Nacimi~mto . 

formation from north to south. The angularity between the Cuba Mesa 

and Nacimiento is less than 1° regionally, inasmuch as only about 600 

feet of rocks are truncated in more than 30 miles. As previously 

discussed, part of the thinning of the Nacimiento seems to take ·place 

within the formation, but the study of the subsurface stratigraphy 

shows that upper beds of the Nacimiento are cut out successively from 

north to south. 
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On the ea1tern side of the Central basin, the conai r· ble 

variation in thickness of the Nacimiento occurs in abort di ancea 

and the angular unconformity at the base of the San Jo1e repreaenta 

relatively sharp local folding rather than broad reponal tilting. The 
• 

excellent exposure of the angular unconformity between the Cuba Meaa 

member and the Nacimiento formation in sec. 11, T. Zl N., B.. 1 W. 

has been described earlier. At thia locality the difference between 

0 
the an1le1 of dip of theae unit1 is about 30 • In this aame vicinity, 

thin remnant• of gray, olive-areen, and maroon ahale, red sandatone 

containina limestone and chert pebble•, and white to aray aandatone 

and coaly ahale, occurrina at the top• of the narrow divides between 

the deep canyons, are tentatively a1signed to the Regina member. 

The•.• rocks dip west at about 10° and are overl.m with eroaional 

unconformity by high-level terrace deposita of bc>ulcler conalomerate 

of probable late Tertiary or Quaternary age. The best-expoaed and 

thick.eat remnant of the shale• and 1andstonee ill at the top of a ateep 

cliff in the south-central part of sec. 2, T. Zl N., ll. 1 W. wbere 

they reat with marked angular unconformity on overturned beet• of 

the Nacimiento formation, Ojo Alamo aandatone, J'rUltlAad aD4 Kirt• 

land. formation•, and Lewis ahale. At thil place, the lowe at part ol 

aandatone. A~ove thia are coaly ahale and brOW'Il, azoay, ..ut 1re 

ah&le iAd thin bUff aandatone. T eatlre -.quence ia abOut 130 feet 
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thick. Theae rock• are cut out entirely a short dbtance to thew t 

by a channel depoeit of salmon-pink boulder aravel of the overlyina 

Tertiary or Quaternary terrace gravel. Remnant• of reddish ehale 

anc:t aandston:e aeaigned to the Regina member rest on the Lewis shale 

to the east, and remnants are preserved at the tope of narrow ridges 

in e~c. 11, T. 21 N., R. 1 W. The, atratigraphic position of these over-

lapping rock• was not determined v.>ith certainty, but they are litholoaically 

most eimilar to the upper part of the Regina member of the San Jose, or 

to parts of the Tapicitoe member. The ov1'rlapping rocks we re assigned 

tentatively to the upper part of the Regina member.. Alto, they are similar 

to faulted rock• assigned to the Regina member a.ncl reltillJ ;\Ulconformably 

on liewia ahale in aec. Z3, T. 22 N., R. 1 W. These rock• appear to have 

overlapped the Cuba Mesa member of the San Joae ae well as other rocke. 

The overlappina rock• at thie locality contain teeth of Hyracotherium 

(•'Eohippua") ((i. G. Simpaon,peraonal communication, 1959) and hu are 

definitely of Eocene aae. These rock• are topographic-.lly lower thaD 

overl&ppina roek& farther south and appear to hav. bee f il 

clown after their depoeitj.on. 
' 

It is of intereet to note that croes section 11A,..A" of Gardne 

(1910, pl. 2) b draWil throuah the vicinity' of the oYerlappina R.e1iaa . . 

"'I"OC:Iu in aec. 2, T. Zl N., R. 1 W., and he indicates that th 'Wa•a 

reetB with pronoUDced anaular 1111conformity on Nacimiento, 11L&r 

t..Pe, Me•averde, and Maneoa rocka, and ia ov rlabi by "Jleeea 
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Bowlders". Gardner (1910, p. 7Zl) concluded that the 11Waaatch" over-

lapped older rock• and rested a1ain•t the Precambrian at the foot of 

San Pedro Mountain. Later workers (.lle~k. 1931, p. 54-55; Dane, 1946, 

fil. Z; Wood and Northrop, 1946; Simpaon, 1948, p. 375-376) have shown 

that Gard.Der'• (1909, 1910) mapping of the base of the "Wasatch" along 
I 

the front of San"Pedro Mountain is la1:1ely incor-rect. However, the 
' 

1 observations of R. L. Koo11~ (personal communication) anci the present 
I 

writt'lr have confirmed that Gardner wa• at least partly right, and that 

pan of the San Jo•e dOes overlap older rocks at a few place• along the 

front of San Pedro Mountain. Becau•e the Tertiary or Quaternary araveb 

conceal underlying rock•, it was not determined whether the :r mnan • of 

' ' 
the Re1ina lap onto the Precamb.rian aranite of San Pedro :WcMmtain as 

I I I 
stated by Gardner. There is no abundance of fragments of Precambrian. 

I 

rock in the llegin~ bed• that would indicate that the Prec-.mbrian wa• 
expo•ed at thi• time, and the present writer believes that 

' 
deposition of the' S&D Joae formation. ln this connection, Chu~ ap. 

Hack (1939) fo~ remnants of a peculiar and distinctive chert r •tin& o .. 
t' . • ' .. 

Precambrian rocks ~n San Pedro Weu.n. .This chert wa8 correlated 
~ 

With a Uldt .of chert lpiil beneath the A~uiu wlca.ni.c tuff of Snuth (l 38) 

Abiquiu tuff Church 

aiel to !'est on a fourul 1ur 
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ero.ioa. Tile Abiquiu· reat• on the El Rito formation (of Smith, 1938) 

of Eocene(?) aae~ i8 older than the Santa Fe formation (or group) of 

.Miocene. ·Pliocene, and Ple .iatocene age, and may be as old as Oligocene. 

Thia would 1eem to indicate that Precambrian rocks of the Nacimiento 

_.,. ........ , .. were exposed to erosion in Eocene or Oligocene time. However, 

• i le that ~rt of the Pede rnal chert is a silicified zone caused by 

poaitlon of silica leached from the Abiquiu tuff by groundwater and 

depoaited at the base of the formation, and thus not necessarily a strati­

arapbic unit. Also, the description of the Pedernal chert and asaociated 

Umeatone re-ating on Precambrian rocks at scattered outcrops on San Pedro 

Mountain (Church and Hack, 1939, p. 62.0) is similar to the description of 

the chertified upper part of the Arroyo Penasco formation of Mississippian 

a Fitzsimmonl, Armstrong, and Gordon, 1956) which rests on the 

Precambrian at places in the Nacimiento uplift. Fitzsimmons, Armstrong, 

and Gordon (1956) and Hutson (1958, p. 9) found the Arroyo Penasco to be 

preaent near the northern end of San Pedro Mountain. At any rate, the 

1trat.igraphic evidence cannot be said to show conclusively that Precam­

brian rock• were exposed to erosion on the Nacimiento uplift during 

deposition of the San Jose formation, and the extensive erosion surface cut 

on Precambrian rocks on the Nacimiento uplift may have been developed in 

nriddle and late Tertiary time during formation of the Rio Grande trough. 
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Age and Correlation 

The San Jose .formation of the present area ie of early Eocene 

age, and according to Simpson (1948, p. 382-383) the San Jose was 

deposited pr.ob.ably during early a.nd middle Wasatchian time. Corre-

lation of the San Jose of the type region of the present report with 
.. 

1rocks called 11Wasatch11 ill other part• of the San Juan B~sin is tent& .. 
I . , . . 

1 
· tive. There is no doubt that the, large part of the San Jose correlates 

with most of the 11Wasatch 11 of other investigators; the main problem 

Ues in the definition of the lower boundary of the lort:nation outside 

the present area. The upper part of the Nacimiento formation at 
I • 

places contains conglomeratic arkosic sandstooe similar to that of . , . 
• i. 

the Cuba Mesa member' of the San Jose, and .there is a possibility of 

confusing these rocks with aand1tone beds of the Cuba Mesa member ' 
. . I 

of the San Jose which rest unconfprmably on the Nacimiento. 

The contact of the San Joa,e is easily t~aced in the southern 

part of the area and it was traced by the writer to the west aiM of the 

drainage divide west of Lyl>rooka (Fig. 1) in T. 23 11{., R. 1 W., west 

of tile area of the present report. The contact of the Nacimiento and . . . 
San Jose was traced northward from Lybrook.s to the Vicinity of Cedar 

Mayea (personal commumcation; see Dane and 
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in all details, to the base of the 11 Wa8atch 11 mapped by Reeaide (1924. 

pl. 1). In the vicinity of Cedar Hill and to the north in Colorado, the 

. Nacimiento formation contains thick beds of coarse -grained sandstone 

similar to the basal part of the San Jose. The base of the San Jose 

(Wasatch) was mapped by Reeaide (19Z4, p. 40-41) as the base of. a 

thick, persistent saz:tdatone in this area. Reeaide found that the sand-
I ' 

' atone beds of the Nacimiento (Torrejon) formation are lenticular. The 

basal •andatone of the 11Waaatch11 in the vicinity of the Colorado-New Mexico 

boundary near Cedar Hill was said by Reeaide to be equiva.lent to the 

Tiffany beds •. However, as pointed out by Barnes (1953), i~ it impo••-

\ ' 

1 ible to precisely trace the contact northward to the quas-riea iu ~ 
1 I I 

' ' southern part of the H•D Hilla in Colorado where the Tiffany Joaaila 

were found. Barnes e;xpresaed uncertainty about correlatina \i.e basal 

rocks of the"'Waaatch•fromttlae Animas River to the aouthern rt 

of the H-D Hilla; liowever,, reconnaissance examination of 
' ' . 

1 , I 

area by ll. B. O'Sullivan and th• writer oeterrnilled th t Bam 

11bed d~~'abovo the Tiffany beds in the southern part of the H-.D Hilla 

ia equivalent, or nearly so, to "bed a" of Barnes '\lJhi~ i• :tbe bale 

of the "Wasatch" as mapped by lleeaide (1 Z4. pl. 1 1n the caayon 

~r near the New Mexico-Colorado bouo<Jary * 'If tliia b 

out earlier in thil report that th 
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Tiffany beds probably should be included in the stratigraphic interval 

of the Nacimiento and Anima • formations. 

The basal part of the San Jose is conglomeratic arkosic aand-

atone throughout the San Juan Basin, except locally south of Durango, 

Colorado (Balta, 1953, p. 61-6Z; Reeaide, 19Z4, p. 40-41). This 

eandetone, or· sone of l&ndatonea, · in most of the b&ain b pt:obably 

eq~valent to the Cuba Mesa member. The Re1ina member il pre• 
I , 

J 

I 
sent ~cro•• muCh of the central part of the baein aa far welt ae the 

lower part of C~nyon Larao. 

i ' 
The llegina ~ember ton1uea out northward into th~ lower 

part of t.tae Ll~ve• member which ia preaen:t in a nortbw• -t~ 

belt from the vicinity of Ca11;yoncito de las Yesuaa, to the Me• 
I 

taine and e_outhera part of Bridae Timber Mountain in Col•rado. Tke 
I 

bold cliffl of aancbtone of the San Jose east of Aztec, &nd·ill the-caayoo 

' ' ' . 
of U,.e nimas River on both aid.ea of the ~olorad.O•New ilexteo b<MiH· 

I 

ary are composed of rocks probably equivalent to bOth the Cuk Ne1& 

and Llaves membere. The" rock• were r~ferred to at tiMt "beavy 

eand1t011e (Yeauae Canyon) fades 1' by the writer in a previous report 

(Balts, 1953, p. 61-63, 9Z). 

In the northern third of the Central basin in New Ne~co and · ·· ,. 

Color.-, a aequence ·which ia mainly aha,le ia atratigraplaically eqwva-

leDt to the lower part of tbe Ll member aad to tbe lleaina member. 
' . 

t died in detail, or uame4. ~ i t 
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seem• to persist across the northern part of the Centr~l baeir where 

it is underlain at most places by sandstone equiv~lent ~o the Cuba M..elliOIL 

member. Rocks probably, or nearly, equivalent to the pel:'aiatent 

medial aancletone of the Llave• member also are present above the 

northe~ •hale u~t.at many places in the northern part of the baain. 

The aandatonea capping Carracaa Mesa eaat of the San Juan Ri-nr 

near the Colorado-New Mexico boundary, and th~ hipeat wandatonea 
, 

capping the Mesa .Mountain• and H-D Hills, relpec'tively, aoutheaat 

and east of Dur~ngo, Colorado, may also be equivalent to the medi&l 

sandstone of the Llaves member. A peraiatent-•audetone occurrina 

near the top of Bridie Timber Mountain southwest of Duranao may 

abo ~e equivalent to the ~dial aandatone of the Llaves member. Thi1 
I .. 

sandstone and the overlyin& rocks which al"e predominantly red 1h&W 

overlap Cretaceous rock• on the Hoaback mono~,line. 

The Tapicitos member is present over a 1&rg4t reaion 011 the 

Tapicitos Plateau in the east-central part of the Central balin, and 

the highest red bede of the San Jose on Briclae Timber Mo\Ultain in the 

northwest part of the bawin probably are equivalent to the Tapicitoa 

member. 

In view of the rapid variations in lithology of the c:ontiDel'ltal cliepolltl 

correlatiOn• of the member• should be considered only aa tentative. 

Detailed mappina in parts of the ~in will be necessary to determine 
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with aasu·rance the distribution and relation• o! all t memM r s c:- 1e 

San Jose formation. 

The poasible correlation of the San Joae with the Blanco .•i 

for~ation of the aouthern San Juan Mountains haa been auaae•ted. C4- ta 

and Laraen (1935, p. •8-50) named and deacribed thia formation com-

po ~e4 of arkosic I conglomerate, aandatone, and shale, and assigned 
I ' 

a questionable Oligocene age to it because of its atrati1raphic position 

unconformably above the rock• lj&nJing in a1e from Tertiary (Anima• . 
formation) to Precambrian, a!Jd below volcanic rocks of queationa.ble 

I 
Miocene age. Cross a~d r;.-uaen correlate_d the Blanco Baain with the 

Telluride conglomf.lrate of tbe western SarA. Juan :Wouutaina. Several 

writers have su11ested that the Blanco Basin ia equivalent to the San 

Jose (or Wasatch) formation (Baltz, 1953, 'I?· 76-77; VanHouten, 

1957; Ketley, 1957, p. 157; Muehlberger . and others, 1960, p. 99). 

Although the obvious litholo1ic similarity ma.kel this correlation 
f 

attractive, no fosaila have been reported from the Blanco Bali 

formation, and structural considerations caet some ddubt on the cor-

relation. The Blanco Basin iD the San Juan .Mountain• bat hi1her 

altitude than the San Jose formation in the San Juan Basic, and this 

may indicate that it is younaer than the San Jose. The Blanco Baain 

formation may have been depoaited in an area where rocks equivalent 

to the San Jose were never preaent, or from which they laact been 

stripped by e roaion before •position of the Blanco Basin. Oe the other 
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hand, some of the younger rocks of the San Jose overlap older Tertiary 

and Cretaceous rocks at places on the Hogback monocline and at the 

foot of San Pedro Mountain, probably indicating that the Central b-.sin 

was filled with sediments in Eocene time, and the youngest sediments 

of the San Jose . were deposited outaide the margins of the Central basin 

as well. The overlapping rocke of the San Joae are tilted slightly, 

indicating that depression of the baain, or elevation of aurrounding up­

li~• (or both) occurred after depoaition of the latest San Jose rocka. 

It the Blanco Basin is equivalent to late at San Jose rocks, . this poet­

San Jose folding would explain the difference in altitude of the two 

formations. 

Similar arguments may be applied to the correlation of the 

San Jose formation and the El Rito formation (of Smith, 1938) of 

probable Eocene age, which occur• in the Brazos uplift and northeaat­

ern part of the Nacimiento uplift. Nuehlberaer and others (1960, p. 99) 

have stated that the Blanco Basin formation interfingeTa with and aradea 

southward into the El Rito formation. There is no doubt that the coarae 

debris of the El Rito was depoaited by streams flowing southwestward 

and weatward from Precambrian terrane• of the Bra&oa uplift. and the 

north-aouth distribution of the coarse conalon• rate of the 1:1 Rito is 

similar to the DO~·eouth diatribution of the conalomeratic •aa.datonea 

of the Llavea member of the San Joae fo rmation. Both of theae factors and 

the 1itholo1ic similarity favor correl. · n of the San Joae and El Rito 
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formations. However, the El Rito is at higher altit'Q.cit!• (e c.. ept wher 

it has been faulted or tilted down toward the Rio Grande t~O\lgh) th•n 

the San Jose formation. 

The Blanco Basin and El Rito formation• probably are equiva-

lent to tbe youn1est rocks of the San Joae formation, or posaibly to 

' 
slightly youn1er rocka that were part of the eame depoeitional sequence, 

' but are not, preserved in the San Juan Baein. The Blanco Ba~in and 
I . 

EllUto formations probably were depoeited durin1 the closin1 phases 

of Eocene sedimentation when the baain of deposition waa ftearly filled 

and the aediments began to lap onto the worn·down hilhlanda which were 

the. aource terranes of older Eocene sediments. The laat·deposited 

aedimente may have been as you.n1 as Oligocene. 

The San Joee formation ie equivalellt, in part at leaet, to other 

early Tertiary rock• in the aouthern Rocky Mountain re1ion. The 

Cuchara arid Huerfano formati~n• in the ~orthern Raton bati aet of 

the Saa1re de Crieto Wountaine are early and middle Eoc e in aae 

{Johnson and Wood, 1956) and their facies is similar to tha~ ·()f the San 

Jose formation. The Galisteo formation of the Galbteo baein ea•t of 

the Rio Grande, southeast of the Nacimiento uplift ia aimilar litholo-

1ically to the San Joae formation and may have been related 1enetically 

to the Saa Joee, althou1h depoeited in an entirely diffirent b&aiD. 

Stearns (19-63, p. 310-311) found DuCheenean (late EOceu) foatile a 

the upper part of the Galleteo wtiicb ie ae much aa 4, 500 feet thick. 
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. The lower part may be early and middle Eocene in aae, and may contain 

Paleocene becla. 

· Ianeoua Rocke 

~hre" "dikea of igneous rock occur along joints in the Tapicitoe 
. . ' 

I 

member of the San Joee formation on the Tapicitoe Plateau. The 

IO~thenimoat eli~ il 1in: •et:•·· z• and 25, T. 26 N., R. 3 w. It is 

about 1 1/4 miles long and trends about N. 8° E. North of thia~ in aec. 

24, ie another dike about throe-fourtha of a mile lona, trencling N. 27° &. 

North and eaat of the abort dike ia anoth~r dike bepnnina in the southern 

part of aec. · 18, T. 26 N., ll. Z W. and_extendint northward paat the 

northern boundary of the area. Thil dike trends N. 8° 1:. ~~J' about . 

6- mUee lona includin1 the part north of the area mapped. None of the 

'dikes appears to be more than 50 feet wide, and aU .are nearly vertical. 

The dikia rock il harder th&D the enclolilll aedimentary rocke, and the 

dike a form urrow riba rilina above billa eroded in the aaodatone i'.nd 

shale of the TapicitOI mem:ber. ' 

The petroarapby of the dike rocks waa not atudied. The rock 

_;, conailta of plaenocryata of plaaioclaae and pyroxene in a denae matrix, 

and at place a contain• ltope4. partly dile•te4 material rm&ch of which . . . . . 
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traced into bedding planes in the adjacent s.andatone and whale of the 

Tapicitos membe?, and the horizontal jointa appear to be related in 

some manner to the bedding of the aedimentary rocks into which the 

magma of the. dike rock was intruded. 

The dike• deacribecl above are aimilar-in petrography, atruc-

ture, and alinement to thoae of a broad dike •warm a few mile • to the 

nortb. The north-northeut-trendin& lampropbyre dike• of the awa.rm 

were mapped by Dane (lMI) who diacuaaed their relatione to the rocks 

of tbe northeaatern part of the San Juan Baain, and concluded that the.y 

are probably of Woeene aae. By analogy, the clib1 in the pre-aent 

~ 

' area are classified &I Miocene(?). 

Tertiary or Quaternary Depoai.ta 

Hi1h Terrace Gravel 

Gravel compe .. d mainly of boulder•, cobble a, and ·pebble a 

of granite cape small we1tward-eloping, high-level terra.cea at the foot 

of ~an Pedro Mountain. The 1ranite of the pebblea, cobblea, and boulder• 

ia a pink to redc:tiah-broWD and purpliah-brown, coarae-grailaed, clenae, 

hard rock, identical with the Precambrian granite of the core of Saa Pedro 

Mouatain from which it muat have been deriv.d. The de,.aita (Q1'1) 

conailt of local remuaata of 1rayel 50-100 t.et Wck pr-~.,.41 at altt-

, . tu .. • l'&nliD& from alleut I, 000 feet to about . I, 400 feet. 

Tu ll'&ft~ wu clepoaited on All: ezoeatoaal surface at the foot 
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of Su Pedro Mountain probably at a time before the reaion had been 

di••ected 1reatly by erosion. Remnant• of the •urface are . found alao 

at tbe aorthern end of the mountain where they are everlain at place• 

by aravel compo•ed mainly of fraament• of •ec!imentary rock•. T~ 

remnut• of the •urface at the northern end of San Pedro Mountain 

(ea•t of the area mapped) were correlated by Bryaa and McCann (1936, 

p. 1 56) with the Ortis •urface which ie said to • of Pilocene or Plei•­

tocene ace. A •tudy of topoaraplaic map• of the aortbem pan of the 

San Ju&D Ba•in indicate• to the pre•ent writer tbat the ero•ional •ur .. 

face oa which the hip-level aravel wa• depo•ited at the foot of San 

Pedro Mountain may be equivalent to the •urface Oil which the Briqe­

timber 1ravel wa• ctepo•ited •CNtlawe•t of O.ranao, Colorado. The top 

of Briel&• Timber Mountaia i• at an altitucle of about 8, 270 feet. 

Atwood ud Mather (1932, p. ") con•idered the •urface beaeatb the 

Bridaetimber aravel to be part of the San Juan peaaapluae of late~ 

aae, and the Briqetimber aravel to be pn-alacial aDd tlau• of PUec 

or early Pleistocene aae. For the•• rea•on• the hiah-level &ravel aloq 

the we stem •i4- of Su .. dN Wountaia l• a•al ... .t a Pliocene or 

Plai•toceDe aae. Tbe ara .. l i• believed to bave beea clepo•ited a• part• 

ef alluvial fan• lyiD.a oa a .twar4 .. •le ,.4lmeat a& tbe .._ 

dro MouataiD. 

lU 



Quaternary Deposits 

Terrace Gravel, Colluvium, and Stream-channel Gravel 

Terrace gravel, colluvium, and stream-channel gravel (Qcg) 

' occur in the San Pedro Foothills at lower topographic levels than the 

Tertiary or Quaternary gravel. The terrace gravel consists mainly 

of pebbles, cobbles, and boulders of Precambrian granite, but some 

of the fragments are sandstone and lilD8 1tone from the Paleozoic and 

Mesozoic rock• expoaed along the weatern aide of San Pedro Mountain. 

The colluvium consists of slope waah llilularavel •lumped from terraces 

and lying on gently eloping canyon walla and aides of valley•. Stream­

channel gravel occurs in the upper paru of aome streams . The gravel 

and colluvium contain clay and aand reworked from Mesozoic and 

Paleozoic rocks. 

Patcbea of gravel consiatina mainly of pebblea, cobbles, 

and boulder• of Precambrian granite cap low-level terraces along 

· San Joae Creek and the western aide of the Rio Puerco, near Rito Leche 

eaat of Cuba, and in sec. 33, T. ZO N., R. 1 E. The ro•ional surfaces 

preserved beneath the gravels are aaid by Bryan and McCann (193b, p. 164) 

to have been part• of the Rito Leche pedimieJlt which waa defined aa a 

.wideapread eroaional level ara .. d to a 1ta1e of the Rio Puerco yoUD~er 

than the 11La Jara pediment" but older thau dut preaent at&p of the Puerco. 

The pre1ent writer folllld boulul"a of Pre~riJ.n gram~ Utteria& tile 

•loP!• of a D&rrow, weetward-treadina hill of rocks of the Nacimieato 
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formation in sec. 14, T. 20 N., R. 2 W. It is apparent that thia hill 

was formerly capped by terrace gravel, and this may indicate t hat th, 

upper part of the Rio Puerco formerly flowed to the we at f._H" an unbown 

di•tance. Th~ present southerly course of the Rio Puerco in the •outMrn 

part of the area may be the result of atream capture during the destruc-

tion of the Rio Leche pediment by recent headward-cutting of the lower 

part of the Rio Puerco. 

Small patches of colluvium, colluvial boulders, and pebble 

and cobble gravel occur on ea•tward-facina •lope• cut mainly on the 

Lewis shale in T. 25 and 26 N., R. 1 E. The depo•it• lying on the •lopes 

in T. 25 N., R. 1 E. are mainly sandy colluvium containing large sand­

atone boulder~ siumped from the Fruitland, Kirtland, and Ojo Alamo 

cliff• above. Small patche• of gravellyina ~n the Nacimiento formation, 

Ojo Alamo •andstone ~ Fruitland, and Kirtland formations in 8ect. 4, · 8, 

and 17, T. 25 N., R. 1 E. are composed of pebble• anc:l cobbles of granite, 
, 

quartzite, and •and•tone _wa•hed from the sand•tone cliffs of the San lo•e 
' 

formation at the weat. 

Alluvium 

Alluvium con•ieting of •and, •ilt, and clay ;With minor amount• 

of gravel occurs in the valley• of all of the major perennial and inter-

mitte'nt •treams in the area. The alluvium ie of P •tocene aod Recent 
; I 

age and ie the younse•t depoeit of the area. ~o• the depoeit• of 
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alluvium are being eroded at present, and the stream •.:h;.>.l1!.1~h, a.!'e 

entrenched in arroyos cut recently in the alluvium. The alluvium (Qal) 

shown on the geologic map (Fig. 2) was mapped conservatively to include 

only the thicker alluvial deposits of the major valleys and does not 

include soil on slopes and minor patches of alluvium. Sparse data 

indicate that at most places the alluvium is less than 100 feet and 

commonly less than 50 feet thick. 
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GEOLOGIC STRUCTURE 

Regional Setting 

The area of this report ia in the east -central part of the San 

Juan Basin, .a large Laramide structura.l basin in northwe1tern New 

Mexico and 1outhwe1tern Colorado (Fia. 9). The ea1t-west width of the 

basin il about 135 miles, and itl north-south length is about .180 miles. 

' The ,tectonic elements of the basin were first defined by Kelley 

(1950, p. 103-104), who also defined the boundaries ,of the basin. In 

later works Kelley (1955; 1957a and b; abo Kelley and Clinton, 1960), 

slightly modified the terminology and •elected •liahtly different bound· 

aries for eeveral u.Uts. Traditionally, the term San Juan Basin has , . 

been used by most geoloaist• to denote the larae feature &I defined in 

Kelley'• earlier (1950, p. 101) work, and it il in thi1 aeneral sense 

that the tern\ San Juan Basin is used in the pre1ent r~port. 'the tel'lll• 

iaoloay of the structural elements shown on Fipre 9 il about the same 

as Kelley'• 1955 (p. Z3 an4 fia. Z) terminoloay with a lew modUications 

by the pre sent writer. 

The Central basin is a•Y1'l'lmetrical with the structurally deepeat 

part beina much nearer the northern edae than the southern eqe of the 

basin. The Central basin il bounded alona part of the northeastern, the 

northwestern, and the we1tern 1ide1 by monoclinal structures, and is 

enclosed on the north, west, and south. .by aently inward-dippina 1truct-

ural platform• and llopee. The e It-central atructural boundary is the 
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north-trending Nacimiento fault. Thia fault separates the batin from 

the Nacimiento uplift o~ which Sierra ~acimiento and San Pedro :Mountain 

are parts. 

North of the Nacimiento utJlift the boundary of the Central basin 

jo1,• to the east, azul the north~~·t.;,rn boundary b an arcuate belt of 

faulted anticline • and syncline• ·which have been uplifted above the 

Central basin along a curvinl monocline. The southern part of the belt 

of folds was designated by K.elly (1957b, fil· 1, and p.47) as the French 

Mesa and Gallina uplifta. The northern part of the belt of faulted folds 

was called the Archuleta anticlinorium by Wood. Kelley, an4 MacAlpin 

(1948). 

East of the French Mesa-Gallina uplift and the Archuleta anti­

clinorium is a shallow structural basin. This us· been called the Chama 

basin by Kelley (1955, p. Z3) aad by Bucldinl, Pitrat. and Smith (1960, 

p. 78). The westem limb of the Chama basin mer1•• iato the u lift ud 

the anticlinorium, aad. the eastern limb merges into the faultecl monocliDe 

alons the western side of the Brasos uplift. Althou1h the ~hama basin 

has the confiauration of a •hallow syncline, it ie structurally CCDsiderably 

higher than ,the s..,_ Juan Bamin. 

Descripti~ of S~ruetur~ 

Stru~n CODtOU' Map 

T~ structun of moot of the area i1 portrayed on Figure 4 

1tructure contou~ liQ.es. The base of the Ojo Alamo sandstoo.e wa• c hosen 
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a• the contour datum because the Ojo Alamo ~ a ~ !" aiattent throuabout 

the area, and becau•e its base is easily determ ned and correlated 

by means of electric log• of most wells drilled for oil and aa• in the 

re1ion. On~ few loa• there wa• 110me uncertainty about the exact 

' position of the ba•e of the Ojo Alamo, but inn~. rly all the•e ca•e• 

the •trati1raphic interval in que8tion i8 conai rably less than 50 

'' feet,, and Utus, is les11 than half the contour interval. Because of the 

unconformity at ~e base of the Ojo Alamo the datum is probably about the 

same age thl'oughout the area. The contour• on the ba•e of the Ojo Alamo 

do not depict the exact atructure of rocu olct.r than the Ojo Alamo becauae 

of the unconformity; ~owever, . the structure of the older rock~ is not 

1reatly different from that of th. Ojo Alamo etcc6pt ae•r the east6rn 

edae of the preaent area. Abo, the atructure of rocks of the San Jo•e 

formation is not exac:tly the aame aa that of tbe Ojo Alamo becauae of 

the unconformity at the ba8e of the San J o•e. 

Folcla 

· Mo•t of the preaeDt area of inveatigation lie• within the Central 

basin, and ita geolo1ic •tructure is simple. The atructural axis of the 

ea•tern part of the baaia tnncl• •outhea1twarcl dia1onally acro1a the 

northeastern part of tbe uea from the nort:bw•at corur ofT. J6 N~, 

B.. 3 W. to tbe a~aetan ,.n Of T. a.- N. • ... 1 W. where the uta 

terminate• ill the •harply folded rock• at the east aide of the basin 
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Most of the present area lies south of the axia of the 5- n Juan Ba 

and the rocks of this region dip gently northeaatward on a. broad •t:tuc a1 

alope. At moat places the dip is one degree or leas. l:4 the n<~-4:ther A 

part ofT. 20 N., R. 2 -4 W. and the aouthern part ofT. 21 N., B.. S W. • 

near the outcrop of the Cuba Mesa member of the San Jose formation, the 

' . 0 
northeaatward dip increaeea to aa much as 5 locally where a narrow 

northwest-trending belt of steeper dips interrupts the homoclinal atruc-
, ! . 

tural elope. South of thia anticlinal bend in the aouthwe•tern part of the 

area the dips are mostly 1° ~2° to the north~aat. 

In the southeastern part of the area the atructure contour• bend 
I 

northeastward through a aerie• of broad, low, north-northweat-pluna-

ing anticlinal noses, and the regional dip of the rocks is to the northweat. 

The dip of the rocks is locally more than 10° in thia part of the area but 

becomes pro1resaively leaa to the northw~at toward the interior of~ 

basin. The anticlinal noaea are in part older tba.n the San Jose formation, 

'a• ahown by angular unconformity between the Nacimiento and San Joae 

formations on some of the folds. However, the San Jose formation is 

folded also, and moat of the major anticlinal and aynclinal structure• 

invol'rinl rocb of the Sa~ Joae formation seem to be rejuvenated older 

folda. Some of the folcle were formed after deposition of the Cuba Meea 

member and durm1 .or after depoaition of the lleaina m•mbe:r. In aeneral, 

the anticlibal no••• are aaym.n c&l; havin compa ativ ly teep 

weatern limb• and gently dip}» astern limb • In p a"•• , tl eir 

189 



I 
I' ,. 

symmetry is nearly that of monoclines or structural ~ rraces. The broad 

curving anticlinal aose (here called the Johnson anticline} at the west side 

of .Mesa Portal has a steeper eastern limb locally and is an exception 

to the general:ization. The anticlinal nose crossing .Mesa Portal in the 

eastern part ofT. ZO N., R. Z W. i• uymmetrical to ijle west. This 
; . ,.. ' . . 

nose seems to be a northern extension of the La Venta.na anticline (Fia. 12). 
' 

The plunging anticline trendina north-northwest across T. ZO N., R. 1 W. 

and the western part ofT. Zl N., R. 1 W. ia here called the San Pablo 

anticline. The anticlinal nose in the central part ofT. Zl N., R. 1 W. 

east and northeast of Cuba, is here called the Rito Leche anticlinal nose. 

Souijl of Rito Leche, the southeastern part of this fold has been rotated 

I 

into a westward-sloping anticlinal bend, and farther touth, the fold it 

overturned. The bend in the outcrop belt of the Meaav~rde aroup near 

Senorito probably reflects the overturned we•tern limb of this older fold 

which was deformed during the main elevatioe of the Nacimiento uplift iu 

San Jose time and later. The southeastern part of the San Pablo anticliM 

also has been rotated to the we at to form an anticlinal bend aouth of the 

present area(Wood and Northrop, 1946, structure section E-E'; also 

see cross section D, Fig. 13 of this report). 
I . 

In a narrow belt along the eastern side of the area the rocks dip 

1.0 to 2.0° west and the contours trend more or leas north. However, the 

contour• are locally deflected &y north-northweat-plunJina anticliul noaea 

in the nbsurface. These noaea are not reflected noticeably in the 
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structure of rocks of the San Jose formation at th4!. •1.u:tace .n thi6 l·.,gton, 

presumably because they were formed before deposition of the San Jose 

as indicated by the unconformity at the base of the formation. The position 

of contours on the noses is based manly on surface stratigraphic relations 

in the San Pedro Foothills indicating thickening and thinning of the 
I I 0 I 

0 • 0 

Nacimiento formation beneath the unconformity. The depicted poaition 
• 

of the buried ,anticlinal nose in the southern part ofT. 24 N., R.. I W. 

and northern part ofT. 23 N., R. 1 W. is controlled by subsurface data 

also. The depicted position of the nose in the eastern part of T. Z4 N. • 

R.. I W. also is controlled in part by subsurface data as well as by 

surface data which indicate a considerable thinnin& of the Nacimiento 

formation on this struc~ure. The nose shown in the ea•t-central part 

ofT. 2Z N., R. 1 W. h an interpretation bath!ld mainly on the obaeryed 

thinning of the Nacimiento formation beneath the Cuba .Mesa member of 

the San Jose formation in the southern part of the S&ll Pedro J"ootAilla. 

Along the eastern side of the area at the foot of Sierra Nacimiento 

and San Pedro Mountain the sedimentary rocks have been folded up abruptly. 

and at places are vertical or overturned and dip steeply eastward. Dips 

as low as 50° east were observed in overt~rned beds at a few places in 

the southern part of the San Pedro Foothills, but at moat place• the dips 

are steeper than this. Generally, the greateat overturning occurs in 
I 

the beds preserved on the hi1heat parts of the ridges, and beds exposed 

in the bottoms of the deep canyon• are nearly vertical or dip steeply west. 
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The sharp folding occurs along a north-trending eynclinal bend located 

at most places near the eastern edge of the outcrop belt of the Regina 

member of the San Jose fot"mation (Fig. Z). The axi• of the •ynclinal 

bend is parallel to the Nacimiento uplift and lies welt of the Nacimiento 

fault. 

North of San Pedro Mountain, the 1teeply dipping latelt Cretaceou• 

and Tertiary rocks of the Northern Hogback Belt are. involved in a we•t-

facing monoclinal flexure and are bent ea•tward around a low, northeast-

erly trending anticline which lie• north of the Nacimiento uplift in the 

northweatern part ofT. _Zl N., R. 1 E. In the we•t-eenttal part ofT. Z4 N., 

R. 1 W., the west-dipping rocke are bent into a •inuou• b t 1enerally . 
northward trend along a monoclinal flexure that form• th we1tern 1ide 

of the French Mesa-Gallina uplift which li~• just east of the n~rthea•tern 

part of the pre•ent area. The dip of rock• on the we1tern limb of the · 

monoclinal flexure becomes progre••ively 1ess northward from T. Z-t N. * 
1 I 

R. 1 E. InT. Z6 N., R. 1 E. the we•tward-dipping rocks oft e monocli 

trend north-northwe•t along the west flank of a northweat-pldnging anti-

clinal no1e. On the b&'il of the outcrop pattern o1 the Mesaverdo group, 

the trace of the axial plane of this no•e probably trend• diagonally throup 

•ec. Z, T. Z6 N., R. 1 E. The fold, &.re called the Puert~ C~to 

aaticUDal nose, i8 on the we1tern flank of the north-trending French Mel&· 
I . 

QalUaa uplift which lies ea•t of the present area (J'ig. lZ). 



The synclinal l;>end west. of the Nacimiento fault extends northward 

and forme the -foot of the monocline that lie • north of the uplift. In the 

•outJ:.i!astern part of T. Z4 N. , R. 1 W. &Del adjacent parts of T. Z4 N. , 

R. 1 E. and T. 23 N •• R. 1 W., a shallow northeast-trending syncline 

and the parallel, narrow, sharply folded Schmitz anticline lie west of·a 

northeast-trendina "1meat of •teeply difPlal bed• on the monocline north 

of the Nacimiento uplift. Bed• of the Regina member of the San Jose 

• • 
formation are the folded rock• at the •urface. The interFetation of the 

' 

•ubsur.face structure of ~e ~jo Alamo sand•tone •hown by structure 
I 

contours on Fiaure 4 is based on cmstruction of froes sections using the 

dip• of rocks of the San Jo•e at the surface. However, it is possible that 
I j 
I 

the Schmitz anticline ifl mainly a shallow structure in the· Sa~ Jose forma-

tion, and the fold may die out with de~h. The anticline in the San Jo•e 
I ' 

could have been caused by crowdin1 and crumplina near the southeastward-

dipping axial plane of the major •yaclinal b"nd at the foot of the moaoclioe. 

Fitter (1958, fi&· 3) has shown these structures as a horst and a graben 

rather than an anticline and syncline. The writer traced ~d• .~&cross the 
. ; i a . 

features shown aa faults by Fitter without findiq evidence of faults in 

the •urface rocb. 

At pltLC • ln tu eoutheaatera and eastern part• of the mapped area 

(F. e. , 4 t rocks are broken by normal faults. In sec•. 24 and ZS, T. 

ZO N., R. 3 W., the Ojo Alamo •anclatone on the Johnson anticline is 
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broken by a north-northeast-trending normal fault downthrown to the west. 

' The vertical separation on this fault is probably 50 feet or less, and the 

fault seems to die out rapidly to the north. Two normal faults, downthr 

to the west, displace the Mancos shale, MesavercS.. ax·o p, ar1d Lewis a~le 

near the ere at of the San Pablo anticline. 

Several normal faults displace the overlapping beds of the Jl.epaa 
. . 

member of the San Jose formation and older rocks in sec. 20, T. 22 N., 

R. 1 W. (Fig. 2}. The rocks are downthrown to the northeast on all the 

· · faults. The vertical separation of the Re&iD& Member along each of these 

faults is probably less than 200 feet. It is not mown how-· theae faults are 

related .to the Nacimiento fault which lies a short distance to the eaat. 
I • 

Possibly the normal f.aulh were formed du:rina p~·San Jose foldina and 

rejuvenated during or after depoaition of the Regina member. The over-

lapping Regina beds are at lower altitudes near La .Tara Creek than they are 

several miles to the a~th. This may indicate. that the .fa'ultl ere formed 
I 

or rejuveaated during downbuckling of the basin aa the block east of the 

Nacimiento fault was el,vated. 

t 

Farlher north in the San Pedro Foothills, the e1averde nd younger 

rocks dip west much less steeply north of San Jose Creek than tbey do 

.outh of it. The dips are steeper qain farther to the aorth. The local 

area of aentler dip• i8 in the position believed to be the sharply tilted 

eastern part of a northwest-plunaing pre-San Jose syncline flanked OD 

the north by a .tilted aorthwest-plunaing pre -san Jose anticline. The rocks 

194 



east of the averde aroup are broken by several normal faults. 

Rocks in the Northern Hogback Belt are cut at ·several places 

by faults that strike nearly normal to the beds. Three faults of this type 

displace •t~eply di~ping rocks of the undivided Fruitland and Kirtland 

fermatioaa and the Ojo Alamo sandstone in parts of sees 10, 11, and 15, 

T. 23 N., R.. 1 W. (Fig • . ~). ·Similar ·faults displace steeply dippilia rocks 

·Of the Me sa verde group along the sharp bend in the hogback in sec s. 21, 

29; and 32, T_. Z4 N. , . R. 1 ·E. On all these ' faults the normal horiaontal 

separation is left-lateral and the block south of the fault is offset to the 

east relative to the block north of the fault. The rocks south of the fault 

in sec. 32, T. Z4 N., R. 1 E. dip much less steeply than do the rocks 

north of the fault, and the apparent offset is not in the direction which 
,. 

would be expected if these faults were small tears· formed during westward-

thrusting of the Nacimiento uplift. ·A northerly trending normal fault 

displaces· the Mesaverde group and adjacent rocks along Archuleta Arroyo 

n~ar the center ofT. 26 N., R. 1 E. The, fault is dojRnthro~ to the east 

• • • • 
and, parallel to the fault, the horizontar aeparati<ln is left-lateral. 

A small overthrust fault occurs in the NE 1/_4 SW 1/4 sec. 11, 

T. Zl N., R. 1 W. where overturned beds of the Fruitland and Kirtland 

f<i-rmatioa•, Ojo Alamo sandstone, and Naeimiente formation are offset 

0 ~et a10111 aa eastw.ard-clippiq low-aqle fault over.tbi'Ust to...,r.cl 

t. s ult tie& out iu • alaol"t distaace into overturned folded 

f acimient formatioa . A hiah-anale fa.ta1t ........... 
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we11t in the central part of aec. 23, T. Zl N . , R . 1 W. Towe e p r 

part of the Lewb ahale aaainat the undividec! Fruit!& an , 

tiens. Another higb-aaale fault, downthroWD to the weet, throw• 

ahale qainat the Nacimiento formation in the NW 1/f sec • . JJ, T. ". 
R.. ,1 w. 

I \ 

T.he aortb-treadini Nacimiento fault uui' ae.ociatecl •• U.r fault• 
' ' 

(~il· lZ) which define the bouodary between the San Juaa Bl&eia aDd 

Nacimiento uvlift (Kelley and Clinton, 1960, p. S0-51) are .aat of the 
I 

Meaaverde 1roup and.were net mapped by the preseQt ·write.r, altbouah 

Wood and Northrop (19.6) the maximum vertical N.paration oa the Naci-

miento fault may be more than 6 ~ 000 feet. Renick (1931) •d Wood &Dd 

Northrop (1946) have indicated that the Nacimiento fault ie. an eut-4t.ppiq 

fault &10111 w.bic:h the Precambrian rock• of the Nacimiento uplift were 

elevated and overthNet toward the we.t. Accordio& tO Jlenick (1931, p. 73) 
t I 

the weetward movement OD the fault waa one -half mile to one mi~e. The 

' 
cODcept of overthruatin& ia open to other inte-rpretation u will be di•c:u• .. d 

later. The _vertical' throw on the Nacimiento fault ~comea leas at the aorth 

GaJliD& fault (l"il• lZ). The Q&lltna fa"lt ia a o rtlaaaat-treactint ta.lt 

which ia De&rl:r ft.itf.cal &Del ia ~rewD tc 

uplUl. The fault CUt• aero•• ._ atructurall. 

·GalJtpa uplift, and ~nnmatea .aoltb of the Pl 
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Joints 

Jol.nte were observed at many places but were not mapped or 

studied for the pre$ent report. Kelley and Clinton (1960, fig. Z and 

p. 19-ZZ) portray and describe the joint systems of the San Juan Basin, 

including the area of the present report. Within the present area, 

0 
according to Kelley and Clinton, joint sets trending N. 10 E., N. 

75° W., and N. 35°E. toN. 60° E. are prominent. Sets trending about 

. 0 
60° W. are especially persistent near Lindrith, and sets of S. 65 E., 

0 0 
S. 65 W., and S. 25 W. are prominent west of the northern end of 

the Nacimiento uplift. 

From the point of view of topographic expression, joint sets 

tr!t!nding from about N. 8° E. to about N. 25° E. are the most prominent 

and, in places, there is a marked "grain" to the country following the 

trend of these joints. This grain is particularly noticeable in the north-

central part of the area north of Canada Larga. Here many of the tribu-

tariea of the major westward-flowing canyons follow north-northeast (or 

south-southwest) courses, and the dikes of ig-qeous rock on Tapicitoa 

Creek follow the no1•th-northeast trend. North-northeast -oriented faults, 

joil\tS, and dikes are common features along the entire eastern side of 

the San Juan Basin from the Lucero uplift northward into Colorado. In 

the northern part of the basin, north of the pre sent area, joints of the north-

northeast set have been intruded by a great swarm of Miocene(?) lampro-

phyre 4ikl'!e (D~n~. 1948). 
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ANALYSIS OF REGIONAL STRUCTURE 

General Statement 

The major geologic structures of the mapped area (Fig. Z) are 

folds of four general types which fall into two groups on the basis of orienta­

tion and symmetry. One group consists of folds whose axes are oriented 

in northwesterly directions. The other group consists of folds oriented 

mainly in a northerly direction. 

The major northwesterly trending fold is, of course, the San Juan 

Basin. The northwesterly trending anticlinal noses in the eastern part 

of .the area are regionally minor structures supe:rimpesed on the larger 

basinal feature and they do not obscur-e its general coafiguration (Fig•. -l, 

lZ). The major _west-facing synclinal bend west of the Nacimiento fault 

(Figs. Z, 12) parallels the north-trending NacimientQ uplift. North of the 

uplift the synclinal bend forms the foot of the sinuoul, west-facing mono­

cline ·at the southwe-stern edge of the French Mesa-Gallina• uplift. Near the 

northern edge of the area the structural relief on this monocline decreaaea 

and the synclinal bend at the foot of the monocline cul'ves into a north­

westerly trend nearly parallel to the a~s of the San Juan Basin. 

The northwesterly trending .folds seem te indicate crustal 

shortening in a northeast-southwest directic:m that might imply a regional 

compr-essional stress oriented nearly in that direction. The northerly 

trending synclinal bend with its local areas of overturning along the 

western side -of the Nacimiento uplift has been thought to indicate crustal 
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shortening in an east-west direction caused by westward thrusting of the 

uplift along the Nacimiento fault (Renick, 1931, p. 71-79; Wood and 

Northrop, 1946). This would seem to imply a westerly oriented regional 

compressional stress. The unconformable relationship of the Nacimiento 

and San Jose formations in the present area indicates that the northwesterly 

trending folds began to be formed before the northerly trending folds. 

However, the unconformities within the San Jose indicate that the San Juan 

Basin continued to be depressed as the Nacimiento uplift was e\levated. 

The final stages of depression of the basin and elevation of the uplift were 

attended by the main movement on the Nacimiento fault after the deposi-

tion of the San Jose., but before the deposition of the Tertiary or Quater­

nary terrace gravels. A major problem of analyai$, then, is to determine 

how the two different structural trends (which might seem to require entirely 

different forces for their production) could have be.en developed contem­

poraneously or, at least, during overlapping time periods. 

The San Juan Basin and its bounmng uplifts exhibit the two major 

regional structural trends which characterize much ofthe eastern half of 

the Colorado Plateau. The Zuni uplift at the south side of the baain and the 

Archuleta anticlinorium and Sa.n Juan dome at the north side are north­

westerly trending and are generally parallel to the northwesterly tr~nding 

trough of the basin. The Defiance uplift at the west side of the basin and 

the Nacimiento and French Mesa-Gallina up' 8 at the east side are 
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northerly trending. Thus, the over-all symmetry of the basir. U1at i s 

partly included within these uplifts approaches the symmetry of a parallel­

ogram or an oval whos.e long direction is oriented northwesterly, parallel 

to the orientation of the trough of the basin. Upon this over-all symmetry 

is superimposed the poorly-developed circula.r symmetry of the Central 

basin. This circular symmetry is largely the result of the curved 

northeasterly trend of the Hogback monocline and the curved northwesterly 

trend of the monocline that links the French Mesa-Gallina uplift and the 

Archuleta anticlinorium along the eastern side of the basin. 

Kelley (1955, p. 66-67) suggested that the eastern part of the 

Colorado Plateau has been shortened in a northeasterly direction. The 

shor~ening was said to be effected in the Zuni uplift, San Juan Basin and 

the Eastern Rockies as well as in other basins and uplifts farther west. 

Kelley suggested further that the crustal shortening would have necessita­

ted right shift betw·een the Plateau and the Nacimiento uplift, citing the 

staggered folds at the base of the Nacimiento uplift as suggesting right 

shift. The entire Plateau is said to have been under compression during 

Laramide deformation (idem, p. 74). Thus, if the crustal shortening is 

actual, the northwesterly trending folds in the present area might be 

interpreted to have formed under a regional compressional force oriented 

more or less southwest-northeast. The anticlinal noses (and interven-

ing synclines} would have been horizontal drag folds formed by a horizontal 

component of movement along the Nacimiento fault. 
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However, it is difficult to prove that the Zuni uplift, the 5an Juo n 

Basin, and the adjacent uplifts to the north and east were fonne.d under 

horizontal (tangential) compressional stresses, and that the geometry of 

these features necessitates crustal shortening. In a recent discussion 

of the origin of the Zuni uplift Kelley and Clinton ( 1960, p. 48) state thc;t 

"there does not appear to be anything about the fracture pattern that could 

not have been formed by a predominantly vertical pressure", but "orir, n 

by a dominant lateral stress, on the other hand, is favored by overturned 

and thrust structures that are common bordering the Plateau. 11 The s~ 

statements might be applied also to most other parts of the eastern sector 

of the plateau, and to such bounding uplifts as the San Juan dome. Geologic 

structures that clearly indicate (Laramide} origin by horizontal com­

pressional stress are not common in the eastern part of the Colorado 

Plateau although they are present in some of the bounding uplifts. Fur her­

more, the nor.thwesterly trending folds in the sedimentary rocks at ~he 

base of the Nacimiento uplift seem to be older than the fault or the uplift 

and they may or may not be related causally. Th~ p;robable relationships 

of the folds and the fault are discussed in a later section of this chapt·-r. 

On superficial examination, it might appear that the San Juan Ba -

and its bounding uplifts could have been formed as the r sult of differ­

ential vertical movements of large crustal blocks in a regi nal stre s 

field that could have been compressional or tensional. Most of the present 
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uplifts are ancient highlands or areas of thin pre_,- retaceous sedimentary 

cover, whereas a thick sequence of pre -Cretace ous rocks is present in 

the San Juan Basin. This might suggest an isc ... tatic response to regional 

tensional stress. During the Cretaceous submergence of the Rocky Mountain 

geosyncline, the Paleozoic (and Mesozoic) Uncompahgre geanticline (of 

ReadandWood, 1947, fig. 2, p. 225) subsid.~d lessthanthe ancient 

Paradox-San Juan basins which lie south of the ge-anticline. The basins 

contained sequences of sedimentary rocks that were thick compared to the 

sedimentary rocks on the geanticlinal area. Differential subsidence during 

Cretaceous time is indicated by the fact that the Cretaceous rocks are not 

as thick at the northern edge of the San Juan Basin in Colorado as they are 

in the Central basin in New Mexico (Silver, 1951, fig. 4, p. 110). Dane 

(1960b, p. 67) indicates that the sources of some of the sediments of the 

Dakota sandstone were the Precambrian rocks in the area of the present 

Brazos uplift on the ancient Uncompahgre geanticline. Dane ( 1960a, figs. 

2 and 3, p. 49, 51} shows also that there are unconformities within the 

Mancos shale at places on ard near the Archuleta anticlinorium and also 

at the northwestern side of the San Juan Basin . 

The major factor in upsetti"lg whatever isostatic equilibrium 

may have existed before the Cretaceous subsidence would have been the 

influx of a tremendous amount of sediment derived from the region 

southwest of the present Colorado Plateau. The region of the present 

Chaco slope and Central basin received a thicker cover of Cretaceous 
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1edimenh than did the ancient geanticline. The weight of the1e sedimer,ta, 

added to the weight of the thick section of older rock• itt t he ancient b8:1in~ 

would have created an ieoatatic differential between the b oad ba.eined 

area and the t·elatively narrow Zuni, Nacimiento, Arcl~uleta, an<l 

Uncompahgre areae. Sedirnentl eroded from the upliftl and depoaited 

in adjacent ba1in1 late in Cretaceoua time and in early Tertiary time 

would have tended to continue the ieoatatic adju1tment1. 

The 1ub1idence of the San Juan Baein 1eem1 to have r~quil-ed the 

tranlfer of a tremendou1 amount of aubcruatal matel'lal lrom under the 

balin (re1ardle11 of what force a produced the b~ain), and •orne of thi1 

material probably migrated into the poeition o! the San Juan dome which 

1eem1 to be an upwarp complementary to the Central balin. Durina 

Laramide orogeny the ancient Uncompahgre aeanticllne expanded and 

encroached on the older sedimentary basina a.s it was tranlforr.ned into 

the early Tertiaz·y Uncompahgre-Sangre de Crilto aeanticlifie. lf vertical 

movement• occurred in re~ponse to regional t tltion trea ~t , the 4tpr~•­

aion of the San Juan Ba1in and the attendant iJ.Ostatic: de f the. rdbdllg 

uplift• would have neceatitated aome regiQnal cruttal leCI.athcminl• art 

of the 10lution to the problem of whether the 11 Juan Balin and &llociated 

uplift1 were formed in re1pon1e to re1ional 

for~•• dependl 011 determining whether the 

ahortened. The 1trati1raphy and aeolo1ic 
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(Fia. 2) provide evi~nce eonce:rnina the nature of the Laramide deforma-

' 
Uon of the entbe reaion. 

Nacimiento Fault 

l'or alrnoat ..50 mile• north of the Puerco fault belt the ealtern 

boWldary of the San Juan Baain il the north-trendina Nacimiento fault 

alona which the baain ia depr.eaaed r.elative to the Nacimiento uplift 

(l"il· 12). The northweeterly trendina fo1da of the bLain terminate abruptly · 

a,ataat the fault which tranaecta them, and the fold• are tilted weatward 

a1oq the pereiatent ~ajor aynclinal bend weat of the fault. The aynclinal 

IM'ACl, 1rhich heD:ll to be related aymmetrically to the fault, il auper-

impo1ecl acro11 the northweaterly trendina folda, and the •tratiar-aphy of 

the Sail Jo•e formaUo~ provide• evidence that the aynclinal bend is youn1er 

da&n the northwe1terly trendina fold•. 

·Jlenick (1931., p. 71-74) did the firat detailed mappina of the 

Nacimiento fault which he called the "Sierra Nacimiento overth!'Ua.t." 

Accer&t .to B.enick (p. 7.1) "mott of the fault planet in thiJ sone dip 

toward the eaat, 1howin1 that the me ntain mil ha.1 en ov r thr at to 

the weat, toward the San Juan Baain. Thi1 overthrust il not a ain1le 

fault, but in leveral place• the m. ver nth tak n pl& e alon1 aen.sl 

pl&De• of •hear. 11 

Oil molt of hi1. c:ro11 1ectlon1 lleniclt (pl. 1) 1how1 tiM Nacimiento 

fault (o:r faultl) aa relatively ateep an4 dippina ea1t at about the aame 
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.-4 welt ~f the fault are not overturned, but dip welt at anaJ.e• rangina 

from aearly vertical at the Dakota outcrop to about 45° at the Wetaverde 

0 
outcrop, and about M at the Ojo Alamo outcrop. The dip• of the Nacimi-

rmaUon and Cuba Meta member of the San J.o•• formation are 

1teepM' than dip1 of the bed• to the east, and the Cuba Meta member may 

be nearly vertical althouah the expo1urea are too poor to be certain. Hel'e 

the Nacimiento formation it thicker than it it in areal to the north aud 101dh. 

T·o the 1outh, as the dip of the Nacimiento formation become• 1teeper (AII4 

the Wetaverde il overturned), the Cuba Mel& r::1ember of the San Jo .. 

formation rest• on atratiaraphically lower beds of the Nacimiento. Molt of 

thi1 thinning of the Nacimiento can be demonstrated to be ltratigrapbic. 

The ove rtumed bed• pre sent alona part&; of the Nacimiento fault 

could have reached their pre1ent ltructural attituclel &I tU NIWt of 

we1t tiltin1 on a monocline or on a draa fold (tynclinal be ) aloaa a hip-

anal• fault. The IIOptetry of thil concept il illultr&t.4 ba l'lpN IJ. 

Cro11 1ection A illu1trate1 the northwestern pa.rta of a pre-San Jose 

anticline and flankina 1yncline a• they would appeal' in t.be aubturiace ar 

the eattern edge of the Central batin. Crota •ecUon B illu1trate1 tbe 

ttructural condition• farther Iouth along upper San Joee Creek where the 

axial plane of the tynclinal bend il welt of the axb of the pre-san JoH 

tyncline. Cro1 1 1ection C repre 1ent1 the 1tructural cou.clitioDI f rtbel' 

to the lOUth in lee. 11, T. al N •• R.. 1 w. where the axial plane of 

tynclinal bend lie1 we at of tM axi• of the pre-lul Jote antic •• lhowa 

2.08 

• 



ron 

da where 

tale main ata1e ef rm&tien of .the 

... 1-.ation of the B.e1in& member of the San 

....... ._ of .tM synclinal 

.,. .. I'D Um'b• of the aatic 

JoN 

baae of tbe San JeM .formation (minua 

of the !lelia& member, cro•• ae~tion 

-Saa JoN aaticline s ar.e incline~ 

JoN cauae the southwestern limb• 

MM:UII•• to the we•t (a• much as 30° at 

f t S&D Jo•e be1an. Thus, where the 

• weat of the pre-San JoM aaticliua, 

• reacud overtl&nw4 ,.tiKI .... 

folded into a vertical attit .. ----
ve-rMly, where the axial plane of the 

asia of a pre -San Jose syncline, the 

re ateeply west than i• the weatera 

.. -•try of the•e concepts is •hown clia1r&m-

writer conclude• that the local 

at of tM Nacimi.eato fault do 

t.ult. 

210 



o. Pre-Son Jo ont1clrn 

1 

/-=-===== 

2 

..... --======== /--/" 

··~ ... --v ~-------

3 

Figur 14.-- Oiogrommot•c cro 
d v lopm nt of t ply 
to o h •Oh- ongl fault 

211 

b Pr -Son Jo 

1 

2 

to of o ing po 1bl 
rturn d d odjoc nt 





OXIOI plane 
·synclinal 

bend~ 

I 

X X 

o Concentric folding Bed sl1 p post 
each other and bedd1ng planes 
loco lly ore concentnc shears 

c S•m1lor fold1ng w1th thtnntng of ltmb 
accomplished by pia t1c stretch•ng 
and sl1ght ruptur~ng 

concentr1c 
shears 

ant thetoc 
f o u Its 

basement 

ox ol plane 
5yncl no 

bend < 

b Parallel fold 1ng and 

-

I \ 

!__j 
x' x 
overthrustmg 

d S1m1lor fold1ng wtth thinntng of ltmb 
occompl1shed by cleavage fold•ng 
(vert• col shear cleavage) 

lonQ•tudmol normal foults 

e Folded and faulted beds draped across o shear fold •n relat1vely r~gtd 
basement Movement of basement 1S predom1nantly verttcal 

F1gure 15--Q,agrammotiC cross sections of several types of folds. 

213 



t• on a r·MI-*1,,..• .... aPitt• t •basement ... _.,.. 
r•••-aM to 

oae •i of 

Me--ned ia fold lly ~J~GYe 

Zl 



100-101, 109. IJ&) •uaa •• 

• 9 N •• a. 1 • 

Mea&Yercle may " been favorabl.t- ,.2' 
• were aot ob•el'ftcl. Tbe aotl.da.uc 

c. Z3, T. 22 N., • 1 W. could have 

uioaal fol'cea aet up by alipt atretch- . 

• cUaal bead •• tiM n 

.. Chinle, Naacoa, au I..Mrla • 

• 

a 110 rly dire 

Z15 



crowded toward the uplift, and this crowding effect probably reduced the 

tensional stresses in the synclinal bend. Evidence of r owding is afforded 

by the fact that some of the northwesterly trending pre-San Jose folds were 

rejuvenated slightly during and after the deposition of the San Jose 

formation. 

The synclinal bend extends north of the Nacimiento fault where the 

axial plane of the bend marks the foot of the large monocline. Th-e syn­

clinal bend probably rna rked the foot of a southern extension of the 

monocline along the western side of the Nacimiento uplift in early Eocene 

time. This conclusion is indicated by the fact that the gently tilted Regina 

beds overlap sharply folded Paleocene and Cretaceous rocks in the southern 

part of the San Pedro Foothills (Fig. 13,· cross aection C). These over­

lapping beds consist largely of rewo:rked Mesozoic sediments and do not 

contain large quantities of grantitic debrie that would indicate ·that the 

core of the Nacimiento uplift was exposed to erosion in Regina time. Much 

of the present vertical separation on the Nacimiento fault seems t() have 

developed after the synclinal 'bend (and the monocline to the north) wao 

largely formed; i. e., after the deposition of the San Jose formation. Some 

further tilting of the synclinal bend accompanied the development of the 

Nacimiento fault. 

From these hyP9ihetical and factual considerations t w iter e:.on­

cludes that the symmetry of the major synclinal bend does not indicate a 

geometric necessity for the Nacimiento fault to be an overthrust dippin1 
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ll'I)med.iately north of the Nacimiento uplift th~re is s 1m ;Lar lack 

of correspondence of immediately adjacent struct nrfl e a o an d west v i the 

Gallina fault. However, the buried anticlinal nose west of the cu l!'ving 

segment of monocline in the northern part ofT. Z3 N., R. 1 W. and the 

southern part ofT. Z4 N., R. 1 W. might correspond to the highest part 

of the granitic core of San Pedro Mountain which has a northwesterly trend. 

Also, the sharp synclinal fold north of the Rito Leche anticlinal nose in the 

northeastern part ofT. Zl N., R. 1 W; might correspond to the Bluebird 

Mesa sag on the Nacimiento uplift (Fig. lZ). If these correspondences 

are more than coincidental a right shift of perhaps 3 miles is indicated 

along the northem part of the Nacimiento fault. Thus, the Nacimiento 

fault is probably a wrench. 

In order to check the general validity of the mechanics discussed 

above, a simple model was constructed (Fig. 16). The model consisted 

of two flat pieces of cardboard laid together flush and partly covered with 

a viscous batter of flour and water. Dry flour was sifted on the batter to 

form a crust. The piece of cardboard representing the San Juan Basin 

was moved slightly so as to produce right shift, and a series of echelon 

folds began to develop in the batter across the joint between the pieces of 

cardboard. As the right shifting was continued, and the "basin" was 

depressed relative to the "uplift", a monocline formed in the batter above 

the joint between the pieces of cardboard. During t his stage of deformation 

the parts of the echelon anticlines in the "basin11 a djacent to the a1 ea of 
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greatest ·relief on the monocline were overturned (Fig. 16, cross section 

A-PI ). The anticlines adjacent to the area of least relief on the monocline 

were tilted west (Fig. 16, cross section B-B" ). During continued right 

shift and depression of the ''basin" the batter began to rupture and dis­

continuous high-angle faults formed along the monocline above the joint 

between the pieces of cardboard. As the faults began to form, the echelon 

folds ceased development. By a. very slight under-thrusting of the 11ba3inu, 

the "uplift" was caused to bulge upward near the fault (Fig. 16. A-It'). 

Although there was no attempt to construct the model to scale with 

re-spect to strength of materials, etc., the experiment with the model indi­

cates that the sequence of events postulated for the Nacimiento :fault is 

mechanically possible with right shift along a high-angle reverse fault. The 

echelon folds in the 11 basin 11 part o£ the model are shallow-seated which 

suggests that the actual folds in the San Juan Basin may be shallow-seated 

also. Near the 11uplift 11 the amplitudes of the folds are much greater, which 

accords with the postu~ation that the local patches of s~dirnentary rock at 

the western edge of the Nacimiento uplift are tilted synclinal ttoughs faulted 

from the tilted synclines of the San Juan Basin. 

The vertical displacement on the Nacimiento fault becomes greater 

from south to north. The greatest amount of vertical displacement on the 

Nacimiento fault is near its northern end where, south of the San Pedro 

Mountain fault (Fig. 12), the vertical eepa.ration may be as much as 

6, 500 feet. The axis of the San Juan Baein lies just a few miles north of the 
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considered instead of the infimte planes, ar ""s an"' 

implied by considering the surface of the a 

in constructing conventional cross section . 

In the. cross sections shown on Figur 18 

general curvature of the earth; line ADB represents a chord o th arc 

' ACB; and !.ine CO represents a segment of the radibs of arc ACB hose 

center is the center of the earth. Points A and B r..!present the edges of 

a segment of the earth's crust that has subsided. 

In Figure 18a line AEB represents the gener<1.l configuration of the 

upper surface of a structural basin that has subsiderl vertically through 

a distauce CE. It is apparent that line AEB is shorter than line ACB; t.hus, 

if points A and B have not changed position relative to each oth r and to 

the center of the earth, the horizontal dimension of the basm has been 

decreased. Since there has been no change in the volume of the sub-

sifiing segment of the crust, the segment has been compressed. The gen-

erated stresses are related directly to the length of the chord ADB and to 

the amount of subsidence CE. 

Actually part of the compressional stress would be r Heve by 

slight lessening of volume as the result of bulk compaction of the rocks, 

and perhaps by a slight flowage from the edges of the basin. However, 

the v~lume change would be small, and most of the stress would be re-

lieved by folding or thrust faulting which would, in effect, locally change 

the vertical shape or the vertical dimension (thickness) of th c u tal 
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the axil of the basin along a hori~ontal cCJ nJvnen r•ght shift alt;mi 

the Nacimiento fault indicate • that the aouth~ at · 1i 1b l s no• ?een 

atretcbed apprecially, but ha• moved toward t le xi• of 1e b<' in; thll.& 

the Central baain haa been l;hortened relative to the Nadmiento ucl 7~ 

Meaa-Qallina uplifta. However, this horisontal component of moveJDtt.t 

would be uce aaary whetheC' the batinal trouah aubai~d due to a ~rtt..eal 

force, and "pulled" the southweatern limb toward it, or whether the eflillth-

weatern limb waa "ahoved" toward the axil by horisontal compressional 

force• cauain1 the basin to be downbuckled. 

J'rom the foregoi.na diacuaaion it can be aeen that riaht ahUl along 

the Nacimiento fault could have been cauaed by differential yieldina of the . 
' . ' 

batin and the Nacimiento:uplift either to a vertical io'rce aa illuatrated 

in Fi1ure 17b,. or to local vertical forcel (downbuckling of the baain) pro-

duced by nearly horizont•l reaional compree•ion &I illustrated in Fi.ure 

17c. The direction of shift on the Gallina fault provide• a clue about the 

forces. 

Gallina Fault 

Near the northern end of the Nacimiento uplift the Nacimiento 

fault paaaea into the nortbeaet-trendilla QalliDa fault (Fia. 11). The 

OalliDa faaJt u dowathrown to the ... t u i1 the Na.cimieDlo lault, but 

tlaa ~.e&Al .... ntton Oil tbt aaw.a fav.lt l• .... thaD 1, 000 feet in 

coatra•t to a w.ftical ••parati of IIM;)N th-.n 6, 000 feet oa tbe 
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Nacimiento fault near the northern f 1d of the u.,.~.ift (crc.,s iL .ns nd 

B, l'ia. 13) .. The work of Hutson (1958), and Lookingbill.t953) ~owe 

that the Gallina fault cuts obliquely acrose part of the monocline north of 

the Nacimiento uplift, persist• north-northeastward on the French Meea­

Gallina uplift {or almost Z5 miles from the Nacimiento fault, and dies out 

north of the Gallina anticline (Fig. 12). 

The apparent throw on the Gallina fault ie down to the weet between 

the Nacimiento uplift and the northern end of the French Mesa an~icline. 

Farther north the apparent throw is down to the east on the Gallina and llio 

(iallina anticline• but the throw is down to the weet near the termination 

of the fault. Along the Gallina anticline the fault is high-angle reverse, 

and the fault plane dips welt (Lookingbill, 1953). Theee difference• in 

apparent throw eeem to be a reeult of strike-slip movement that caused 

juxtaposition of folds which were not formed together originally and 

allowed eome fold• to develop independently on either side of the fault. 

The fold• weet of the fault indicate that the San Juan basin has been ahort­

ened relative to the part of the French Mesa-Gallina uplift that il eaet of 

the fault. Thia indicate• right ahift on the fault, and part of the northeaet­

ward 1hift on the weetern aide of the fault seems to have been "taken up" 

aeometrically by the northwelt-plunaina Puerto Chiquito anticlinal noae 

(l'ia. 17a) which il •tronaly aaymmetrical, having a •teep northeaat limb 

and a bordering faulted 1yncline at tlie northeaat. The Gallina fault die• 

out north of thia fold. The axe• of the Rio Gallina and Gallina Mountain 
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anticlines parallel the Gallina fault, and they may be se cvnd a f ve r~.! 

drag structures related to the fault but partly younger t ' n the P -e r ~_o 

Chiquito nos.e and the monocline to the west, The amount uf r1 '~ fft 

on the Gallina fault is leas than that on the Nacimiento fault mainly bec•u.se 

the Gallina faul~ is near the trough of the San Juan Basin where the great-

est amount of vertical movement occurred. Aleo, the alinement of the 

Gallina fault is much nearer to the northeast-southwest direction of shortening 

ol the San Juan Basin than is the alinement of the Nacimiento fault--a factor 

which tends to decrease the amount of shift necessary to accomplish shorteniac 
I 

of the basin along the Gallina fault. 

If the trough of the San Juan Basin had subsided (relative to the 

French Mesa-Gallina uplift) in response to a regional vertical force -within 

the basin (Fig. 17b) the northeastern limb of the basin would ~ave been 

stretched or "pulled" southwestward toward the trough during the late 

stages of basin formation, and the lateral shift on the Gallina fault would 

have been left instead of right. However, the right shift on the Gallina 

fault indicates that the basin was downbuckled as it shifted to the northea..t 

and encroached on the Archuleta anticlinorium (Fig. 17c). T!:le •hift. that 

accompanied the major movements on the Nacimiento and Gallina fault• in 

post-San Jo.se time seems to have been the last major stage of defonn•tioll, 

and most of the shift occurred after the stage of deformation (l"ia. 18b) 

during which compressio.nal forces could be attributed to the shorteniDa 

and crowding within the basin nd along its margin if it had subsided iD 
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response to a dominantly vertical regional force. Therefore, the t· ight 

shift on the Gallina fault seems to be good evidence that the force which 

produced the northwesterly trending axis of the San Juan Basin was a 

regional tangential compressional force. 

San Pedro Mountain Fault 

Along the north side of San Pedro Mountain, the northern part of 

the Nacimiento uplift is tilted steeply to the north and dropped along a 

northwesterly trending normal fault (Fig. 12) which was called the San 

Pedro Mountain fault by Hutson (1958, p. 33). According to Hutson the 

fault plane dips 63° northeast in the SW 1/4 sec. 1, T. 22 N •• R. 1 VI. 

At the northwest this fault intersects the Nacimiento fault near the upper 

part of San Jose Creek in sec. 1, T. 22 N., R. 1 W., and the fault extends 

with a curved trace for about 10 miles to the southeast where it dies out. 

The dropping and northward tilting of the block north of the San Pedro 

Mountain fault causes the vertical separation on the southern part of the 

Ga~lina fault to be much less than the vertical separation on the Nacimiento 

fault (cross sections A and B, Fig. 13). 

Wood a ~t No r throp (1946) indicated left shift along the (then 

unnamed) San P e d r o .Mountain fault on their geologic map and indicated 

that the fault terminates at the Nacimiento fault. Hutson (1958, p. 37 an.d 

fig. 5) indicated ~hat the block south of the San Pedro Mountain fault has 

shifted west (right shift), and he indicated that the fault ext~"lds west of 
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the Nacimiento fault into the belt of steeply dipping bed• alonJ th major 

synclinal bend west of the Nacimiento fault. 

Hutson's (1958, fig. 5) map shows the San Pedro Mountain fault 

extending west along San Jose Creek into sec. 34, T. 23 N., R. 1 W. and 

indicates that the Mesaverde group and younger rocks south of San Jose 

Creek are offset to the west relative to the same rocks north of San Jose 

~ Creek. However, Hutson seems to have mistaken the Cuba Mesa member 

of the San Jose formation for the Ojo Alamo aandetone in sec. 3, T. 22 N., 

ll. 1 W. south of San Jose Creek, and he mietakenly nU..pped tbe Nacimiento 

formation, Ojo Alamo sandstone, and undivided Fruitland formation and 

Kirtland shale as the Lewis shale in this vicinity. There are no exposure a 

in the broad gravel- and alluvium-filled valley of San Jose Creek to sub-

stantiate the offsets of the Mesaverde group and younaer rock• depicted by 

Hutson. The outcrops of the Dakota sandstone and lower part of the 

Mancos shale in sec. 35, T. 23 N., R. 1 W. are ofteet to the east J.'elative 

to ·outcrops in sec. 2, T. 22 N., R. 1 W., as shown by Wood and Northrop 

(1946). However, this offset seems to be mainly the result of right shift 

J 

on an easterly trending fault in the southern part of eec. 35, T. 23 N., 

R. 1 W. This fault seems to terminate at the Nacimiento fault, and if it 

is part of the San Pedro Mountain fault it haa been dUpl•ced by l"i&ht 

shift along · the Nacimiento fault. The present writer concludes there ia no 

particular evidence that indicate • the San Ped.ro Wo\lnt~:n. fault doe • not 

terminate at the Nacimiento fault, and there is no evidence that indicates 



a major strike -slip component of movement along the ~lt. 

The San Pedro Mountain fault at the northern end of t he Naclm Len J 

uplift is near the area of maximum structural relief between the uplift and 

the San Juan Basin and might be a tensional fault formed in response mainly 

to dominantly vertical local for:ces. However, the 63° northeast dip of the 

fault plane indicates that, as the block north of the fault moved down, the 
. I 

' 

\ block also had a horizontal comp~nent of movement which accomplished 

I 

some lengthening of the northern end of the uplift. Th~s lengthening occur-

edina north-northeasterly direction almost parallel to the general trend 

of the Gallina fault (Fig. 12). If the San Juan Basin ahifted northward 

along the Nacimiento fault and north-northeastward along the Gallina fault, 

ae seems to be indicated, local horizontal tensional stresses, as well as 

.v.ertical stresses, would have been set up in the vicinity of the junction 

of the faults, i.e., near the northern end of San Pedro Mountain. The 

geometry of this concept was not taken into account in the illustration 

of the general case (Fig. 17c), where the Nacimiento and Gallina faults 

are considered as segments of a straight line, but is shown on Figure 

19. In the simplest case, if the basin were moved northward along the 

Nacimiento fault a gap would appear along the Gallina fault (Fig. 19b) as 

the basin is pulled away fror ... 1 the uplift and southern part of the French 

Mesa-Gallina uplift. A segment of the monocline near the axis of the San 
' 

Juan Basin and west of the Gallina fault would then be unsupported along 
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relations of the San Pedro Mountain, Naomiento, d.lld Galhn f •• t a. t 

shown in three dimensions in Figure 2 0. 

Archuleta Anticlinorium 

The northwesterly trending Archuleta anhclinorium lies along the 

' 
northeastern edge of the San Juan Basin north of the French Me sa -Gallina 

uplift. ' Th~ anticlinorium is an inte rbasinal structural divide that separdte.., 

the San Juan Basin from the Chama basin and the San Juan sag (Kelley, 1955, 

fig. 5, p. 23) which is a northwestern extension of the Chama basin in 

Colorado (Fig. 9). The anticlinorium is essentially a wrinkled and faulted 

arch, and this was emphasized by Kelley and Clinton (1960, p. 49-50) 

who referrc:d to the structure as the Archuleta arch. However, the pre ent 

writer prefers the term Archuleta anticlinonum as originally used by 

Wood, Kelley, and MacAlpin (1948), and Kelley (1955) because it empha-

sizes the complex natu:.·e of the a.rch. 

The axes of most of the folds of the anticlinorium tr nd north-

westerly as do many of the faults. A few fold axes and a few faults 'trt-r.d 

northerly or northeasterly. The crest of the anticlinorium is rna ked by 

local structural highs ar~d sags most of which are slightly oblique to the 

general trend of the anticlinorium . The structurally high st p trt of . e 

anticlinorium is on the Horse Lake and Willow Creek anticlines near the 

southeastern end of the anticlinorium. (S e tructure contou .. s: D e, 

1948; Wood, Kelley, and MacAlpin, 1948). Th portion of th a l 

orium in New Mexico plunges southeast into ti-Je Crama basin (F 

237 



......... -----

\ f 
Fu;~ur 21.--Structur contour mop of th outh o t rn port of th Archuleta 

anticlinorium and OdJOC nt port of th Son Juan and Choma bo in . 
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The peculiar system of faulted folds in the Crct~ ~ t' u 4 S ro l ks on 

the Archuleta anticlinorium north of El Vado (Fig. 21} has been interpreted 

differently by Muehlberger (1960) and by Dane (1948). Muehlberger (1960, 

p. 109) interprets the Horse Lake and Willow Creek anticlines, and other 

stru~tures on the anticlinorium, as having been formed by shallow seated 

"decollement folding." The Dakota sandstone and overlying rocks are 

said to have glided westward over older sedimentary rocks and to have 

been folded because of the driving force provided by the weight of the Creta­

ceous sedimentary rocks tilted up on the western flank of the Brazos uplift. 

There are several objections to this theory. Wells drilled to the basement 

of Precambrian rocks on the Horse Lake and Willow Creek anticlines 

and on South El Vado dome show that the basement is uplift d, and that 

rocks beneath the Dakota are folded or faulted up in .app rent concordance 

with the structure of the Dakota. Thus, there appears to be no evidence 

of decollement. Certainly there is no evidence of shearing at the contact 

of the Dakota and the underlying Morrison formation where it is exposed 

in the canyon of the Rio Chama east of North El Vado dome. Furthermore, 

it is unlikely that a thick sequence of Cretaceous shale and sandstone ever 

stood on the we stern flank of the Bra.zos uplift to provide the driving force 

for a decollment sheet, because erosion must have attend'!d the uplift o£ 

these rocks as shown by the fact that the Blanco Basin and El R t o forma­

tions bevel the Cretaceous and older rocks on the eastern edge of the Chama 

basin and the Brazos uplift (STrrith and Muehlberger, 1960). 
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According to Dane (1948) the folds were caused by horizontal com­

pression, possibly with some vertically applied uplifting force. Dane 

explains the nort~westerly trend of the Horse Lake anticline and the north­

erly trend of the Willow Creek anticline as having resulted from the 

\ye·dging together of two blocks, one of which had a northwesterly trend 

and the other a northerly trend. The wedging together is said to have 

produced the (Tecolote Mesa) syncline between the two blocks. Dane pios­

tulated that the compressional stress was oriented northeast-southwest 

in the northern part of the anticlinorium, and east-west in the -southern 

part of the anticlinorium. 

The configurations of the Horse Lake and Willow Creek anticlines 

and the pattern of the fold axes and faults (Fig. Zl) shed some light on the 

origin o-f these structures. The asymmetrical Horae Lake and Willow 

Creek anticlines are essentially faulted blocks tilted in opposite directions 

(Fig. ZZ). Between them lie two wedge-shaped slices that also are tilted 

in opposite directions. The southeastern wedge has been dropped slightly 

and folded to form Lagunas and Puente domes and adjacent faulted syn­

clines (Fig. Zl).' The northwestern wedge ie dropped to form the Tecolote 

Mesa syncline. The over-all configuration of the Horse Lake and Willow 

Creek anticlines and the intervening wedges is that of a faulted, north­

westerly-elongated dome that has been tilted slightly towar d the San Juan 

Basin. The southeastern and northwestern wedges are the dropped 

axial parts of the dome. 
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The axea of the northweatern part of the Horae Lake tlf ~ne .t.nd 

-.lltb,el"ll part of the Willow Creek anticline trend 1•nerally N. 70°-

• , reaa the axe a of the northweatern part of the Willow Creek anti-

. 0 
aad the aouthern part of tile Horae Lake anticline trend N. 10°-30 W. 

The fault. on the oppoaed ateel Umba of the anticline• are generally 

,.raUel to the adjacent ••1me • of the a:xea of each fold. The angle 

between these two main "aeta" of folda &ad faulta is between 50° and 60°, 

and thia is auggeative of ween 1enetically related aeta of ar 

fracturea. In a general way, tAll lar1• normal faults of the Willow Creek 

fault sone and the fault a para:Del te Latuaaa and Puente dome • trend in a 

rthweaterly direction c ·"eta •• -le lMtw••• tile treau of 

lta. If 

an related 1 ticaUy ., . ' 
0 0 

• 10 -30 . ' l'ly trendiq faulta mi11at bave oripnatecl a• 

loaiiNtblal fMa a rallel tM axia of an elongate dome. 

The over-aU pattern of fold axea and taults ia aimllar to 

• 

LoD1itudinal faulta deYelop raUel to tiM axia becauae of atretc:hi.Da at 

&all•• to ~ axia. I' 

• a• well aa le•, 

t1w •beara allow reUe f ten a ion 
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the two m~in directions of tensional stress. In the terminology of De Sitter­

(1956, p. 208-2U, fig. 147) the shear faults would be peri-anticlinal faults. 

The stretching of the shallow upper part of a fold causes lengthening which 

is accomplished often by grabening in the crestal part of the fold. 

If the major northwesterly trending faults and the major faults 

.. pa1 · Jlel t < ~ -~ee o t '.t: H ot· se r..ake and Willow Creek anticlines 

.:.a.•..< de o 1 IH c . ir th:·· uppe pa.rt of a dome , it is apparent 

· that the vertical di placemfl' t on the· faults would become less in the 

deeper part of the fold because the deeper part was not stretched as much 

as the upper part. Thus, the uparched basement rocks might have been 

displaced only slightly on each fault. Also, the vertical displacement on 

the faults becomes less in a horizontal direction away from the structurally 

high part of the dome, and the unfaulted Creta.ceous rocks on the sreep limbs 

of the northwestern parts of the Horse Lake and Willow Creek anticlines 

may ove rli e .)Uried faults which are extensions of the faults that displace 

the Creta ous rocks near the central part of the dome. Thus, the pat-

tern made by the major faults and the curved axes of the Horse Lake and 

Willow Creek anticlines may have developed because of fracturing of the 

competent basement rocks during doming of the southeastern part of the 

Archuleta anticlinorium. 

The evidence for this concept ie circumstantial because it cannot 

be "proved that the supposed shear and longitudinal faults were formed at 

the same time. Also, it cannot be shown definitely at present that the first 
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ataae of Laramide orogeny produced a broad low dome on the aoutJ. as ,. r n 

part of the anticlinorium, although stratigraphic relations of latest Creta-

ceoua a.nd Tertiary rocks in San Juan Basin west of the anticlinorium aean 

to indicate thie, as do unconformitiee within the Mancos shale on the 

an\i,clinoHum. ,:'he Cretaceoue rocks might have been ~formed along very 
I 1 • 

e 
ancient baeement fr3&cturee of the Paleozoic uplift on which the &llticlioorium 

' 
ia aituated. The deformation would have proceeded aelectively a.lona thotJe 

fractures that were oriented to relieve the Laramide streeaea moat easily. . . 

Neverthelese, the general pattern of the larger features is notably similar 

to a. fracture ~ttern which might be predicted for a large elongated dome 

or doubly-plunging anticline. 

· If the southeastern part of the Archuleta anticlinorium originated 

a.a a broad dome. the fracture pattern itself does r:ot necessarily indicate 

whether the dome was formed by predominantly vertical forces (with tW 

attendJLnt crustal shortening), or by generally horizontal deep-Hated com-

preesional fore•• (with attendant bulging and cruetzl shortening). Al.ao the 

pattern of deformation might have been caused by ahift along a poHulated 

deep-seated regional wrench zone (the Rattlesnake lineament) aa auageated 

by Kelley and Clinton (1960, p. 95). However, it should be noted that. if 

the aoutheaatern part of the anticlinorium has been shortened, the atruc-

turally hi&h part on which Horae Lake and Willow Creek anticline• are 

•ituated baa been ehortened more than the structurally lower part of the 

anti~linoriwn on which Dulce and Monero dome 1 are situated. Thus, a 

. !. 
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local coupling action would have resulted between the Horae Lake -Willow 

Creek and Dulce -Monero structural culminations, and this may or may 

not be related to deep-seated regional wrench zone 1. 

The ~onfigurationa of the individual folda of the aoutheaatern part 

of the anticlinorium indicate aomething about their origin. Locally, on 

the eaatern flank of Horse Lake anticline and the weatern flank of Willow 

Creek anticline, the sedimentary rocks are vertical and at aome places 

may be overturned slightly. The configuration of the Tecolote Meaa ayn­

cline and the adjacent steeply dippina limb• of the anticlines indicate• 

ahortening in a northeast-aouthweat direction, as doea the confi·auration 

of the Laguna• -Puente dome 1 wedge. The Horae Lake anticline baa the I&IDe 

relationship to the Tecolote Mesa ayncline that the Puerto Chiquito anti­

clinal nose has to the syncline on its northern flank, and the alinementa 

of the Horae Lake and Puerto Chiquito folda are aimilar (Fia. Zl), thua, 

poalibly indicatin& a similar origin due to northeasterly oriented 

compresaion. 

Thua it may be seen that, although the pattern of the major faulU 

on the Horae Lake and Willow Creek anticline• aeem to indicate that the 

faulta were formed by ,lonaitudinal and transverae tenaional atreaaea in 

the upper part of a broad dome, the confiauration of the individual folda 

indicate• at leaat a amall amou~t of .•hortenina which would require a 

comprataional force. Theae atre11 condition• areD4\;neceeaarily incom­

patible inaamuch &I they could have been procNced durin1 two (or more) 
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pha••• of yieldin& of the competent basement rocks to a .northeasterly 

oriented tangential compressional force. 

A pOssible mechanism is illustrated by the structural profiles 

shown on Figure Z3. In Fi,gure Z3a the hypothetical profile (at right 

anales to the axi8 of the southeastern part of the Archuleta anticlinorium) 
' 

•howe faults that might have developed on ·a low doubly-plunging dome 

which was upwar.ped between the San Juan and Chama basins because of a 

deep-seated nearly horizontal compressional stress. Tensional (longi-

tudinal and shear) faults would develop in the higher part of the relatively 

comi-tent basement rocks of the dome because of longitudinal and trans-

verse stretching, and these faults would be extended upward into the 

relatively incompetent sedimentary rocks which would be stretched more 

than the basement because they are higher in the fold. It seems likely that, 

once the faults were developed in the relatively competent basement rocks, 

further deformation would proceed along these early-defined zones of 

structural weakness. 

During the post-San Jose stage of deformation, when the major 

riaht shift occurred on the Nacimiento and Gallina faults, the San Juan 
' J I 

f ' 
Basin encroached northeastward on the Archuleta anticlinorium, and the 

San Juan Basin was depressed more than the Chama basin. The basement 

rocka of the Horse Lake block were tilted toward the San Juan Basin and 

this tilting probably deflected the compressional force locally so that it 

was directed slightly upward on the western flank of the dome (Fig. Z3b). 
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seems to ·have been produced by the northeasterly compressional force 

which downbuckled the San Juan and Chama basins and caused the right 

shift on the Nacimiento and Gallina faults. Probably the main deforma-

tion was accomplished in two or more stages during Late Cretaceous and 

early Tertiary time, but some stages of faulting occurred later . . Accord-

ing to Dane (1948) a few of the faults on the anticlinorium are younger 

than the Miocene(?} dike swarm crossing that feature, and may be of 

Miocene or Pliocene age. However, accc•rding to Wood, Kelley, and 

MacAlpin (1948), sills associated with the dikes in Colorado are not dis-

placed by the major faults that offset the Cretaceous rocks. The alinements 

of the dikes show little relationship to the structure of the eastern part 

of the San Juan Basin or the Archuleta anticlinorium, and their intrusion 

probably was related to stresses other than those which produced the basin 

and anticlinorium. 

Regional Structural Discontinuity 

The Nacimiento and Gallina faults and the eastern margin of the 

Archuleta anticlinorium mark a major regional structural discontinuity . 
. ' 

The Nacimiento and Gallina faults are a sharp and easily recognized dis-

continuity, but north of the surface termination of the Gallina fault there 

is no sinM le st ... ct u ral fe ll tu r e to de line ate the discontinuity. However, 

the patterns of d o rmat Lj n a ·e co s i derably different on either side of a 

slightly < .. :::-ved une proje ded uorth-nor th f~ astv. ard from the northern 
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termination of the Gallina fault. The folds and faults of the Archulet a 

anticlinorium certainly do not terminat~ abruptly at th~ no: n - nort' 

trending stippled boundary shown (on Fig . 12) a• the e~atern boundary of 

the anticlinorium north of the Gallina fault; nevertheless. many of the 

structures do terminate very near this boundary and the structural grain 
I 

of the Chama basin at the southeast is dissimilar to that of the anticlinorium. 

The line or band of discontinuity can be projected north-northeast-

ward pa,st t~e · northwest-plunging end of the Brazos uplift but is lost 

beneath the rocks of the San Juan Mountains volcanic field in the vicinity 

of Cumbres Pass north of the New Mexic0-Colorado boundary. The total 

length of the discontinuity from the c':.o\,lth end of the Nacimiento uplift to 

the vicinity of Cumbres Pass is almost 110 miles. The structural dis-

continuity is similar in its general alinement and position to a central 

segment of the Eastern Rockies trend (of Kelley and Clinton, 1960, fig. 

9, p. 93)--a straight north-northeast-trending lineament drawn through 

the northern part of the Lucero uplift, the northern end of the Nacimiento 

uplift, and the northwestern end of the Brazos uplift. 

Not only is the structural grain different on opposite sides of the 

discontinuity but, perhaps more importantly, differing major structures 

are opposed. Thus, where the Nacimiento uplift is opposite the San Juan 

Basin, the eastern side is structurally highest; where the Archuleta 

anticlinorium is opposite the Chama Basin the western side is atructur-

ally highest; and, farther north,, whe.re the Br~zo• uplift is opposite the 
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northern part of the Chama Basin and the San Juan sag, the eastern 

side is again structurally highest (Fig. Z4). The major structural uplifts 

on either .side of the discontinuity seem to be more or lese distinct 

structural blocks whole general outlines and orientations were deterc !ned, 

at least partly, by pre -Laramide eventl. The northerly alinernent of the 

Nacimiento uplift is .as old as Pennsylvanian or Permian (Renick, 1931, 

p. 14-UJ; ,Wood and Northrop, 1946; Read and Wood, 1947, p. ZZ6. Z3Z-Z34), 

I 

and tl)e northwesterly alinemente of the Archuleta anticlinorium and Brazos 

uplift also are as old a1 Pennsylvanian or Permian (Dane. 1948; Read and 

others, 1949). Although Pennsylvanian rocks are absent from much of the 

anticlinorium and the uplifts, deep wells have shown that they ar~ present 

in the San Juan and Chama. basins. 

The structural discontinuity is oblique to the \. re -:.ds of the ~~jor 

structures on either side, and the alinement of the Nacimiento fault diverges 

' 
more from the direction of shortening of the San Juan Basin and Archuleta 

anticlinorium than does the alinement of the Qallina fault and the northern 

part of the discontinuity. This obliqueness suggests the rather obvious 

conclusions that the basement rocks of the region ;a.re not homoaeneou• 

an~ that they yielded differently durin& defoTmation, setting up local 

stresses which aoverned the formation of k •cal •truduret. The Precam-

brian batement rock• of the Nacimiento uplift are mostly granite, where-

, •• th~ Pr~cambrian rocks of the Brazos uplift are mainly metaeediment&ry 

and metavolcanic rocks. Unfortunately. practically nothin1 h known 
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. -

about the basement rocks of the An~huleta antichnonum 

and Chama basins. 

Ju • 

Where the regional structural discontintlity is the Nacl.mH• an 

Gallina faults it is "real". Along the eastern side of the Archuleta a.ntl­

clinorium the sig!liiicance of the discontinuity is a matter of interpretation. 

However, the fact that the rocks are deformed differently on opposite sides 

of a line (or nar1·ow band) lead.s to the id·~a that the discnntinuity may 

represent a r.eal feature such as the contact between rocks of differing 

structural competence, or a n1ajor zone of fractu-ring. This feature, if 

present, would have to be in the basement along the eastern side of the 

Archuleta anticlinorium inasmuch as the surface sedimentary rocks are 

the same on either side of the discontinuity, and at the surface there are 

no known faults parallel to the dis continuity. 

During Laramide orogeny the considerable structural competence 

of the massive granite of the northerly trending Nacimiento uplift block 

caused it to resist deformation by the regional northeast-southwest 

compressional force, and the uplift had a buttressing effect which partly 

accounts for the relatively minor deformation of the Chama basin region. 

The upward-bulging of the Nacimiento uplift and the slight downbuckling 

of the Chama basin region caused a small amount of northeast-southwest 

shortening, whe rea.s the down buckling of the northwesterly alined San Juan 

Basin and the upbuckling of the northwesterly alin.ed Archuleta block 

caused a greater amount of northeast-·southwest shortening. This 
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difference in amount of shortening wafl acconuhodated main1 b · gn • 

shift along the Nacimiento and Gallina fauil s. The fuldin~ and crUlilpl.:.ug 

of the Archuleta anticlinorium that cause a small amount of shortening 

in a northeasterly direction would seem to necessitate some right shift 

between the anticlinorium and the Chama basin. If the shift took place 

along a deep-.seated shear zone in the basement rocks, the overlying 

sedimentary blanket ~ould have been twisted above ihe shear zon~. The 

bend and increase in amplitude of the northern part of th~ Rio Chama 

anticline, and the southerly trend of some of the large faults northeast of 

El Vado might indicate twisting but the evidence is not conclusive. The 

Archuleta anticlinorium and the Chama basin are, in a sense, complemen-

tary features. The amount of northeast-southwest shortening of the up-

buckled anticlinorium is of the same general magnitude as the amount of 

shortening of the downbuckled Chama basin; thus there was no geometric 

necessity for a large amount of lateral shift along the structural discon-

tinuity north of the Gallina fault. Unfortunately, the northern parts of the 

Brazos uplift and the San Juan sag in Colorado are buried beneath the 

San Juan Mountains volcanic field and it is impossible to determine whether 

lateral shift occurred along the dis continuity in Colorado. 

Although most of the regional compressional stress was relieved 

by buckling nearly at right angles to the stress, and by right shift on the 

Nacimiento and Gallina faults, part of the stress was transmitted across 

the oblique discontinuity to bulge the Nacimiento uplift and buckle up the 
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northeasterly-trending western limb of the Chama basin along the French 

Mesa-Gallina uplift. 

Discussion 

The general oval or parallelog·ram symmetry of the San Juan Basin 

c~nnot. be attributed to outward-directed compressional forces arising 

. ' ' entirely from shortening and crowding within the basin as it subsided. 

The amount of subsidence was such that outward-directed compressional 

forces in the basement would have acted only during the initial phases of 

Laramide subsidence. During the remainder of the subsidence the 

basement of the Central basin would have been lengthened or would have 

subsided as a graben if it had not been under compression by a force 

directed toward the basin. The right shift along the Nacimiento and 

Gallina faults indicates that the basement rocks of the eastern part of 

the basin were shortened during the later stageo cf subridence, and this 

shortening seems to require that the subsidence was caused by north-

easterly directed regional compression. This force probably produced 

both the basin and the surrounding uplifts. 

Dallrnus (1958, p. 907) has shown that the greatest compressional 

stresses in a subsiding basin are near the area of greatest depression 

of the basin. This is true whether the crust subsides in response to a 

principal vertical force, or in response to a principal tangential com-

pressional force. Thus, the central part of a depressed segment of the 
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crust is a favored location for intrabasinal and interbasinal arches 

uplifts. The positions of the a.rches are governed, of cou se, by the 

positions of pre -existing zones of cru•tal weakness as well as by the 

position of maximum stress within a basin. The interbasinal San Juan 

dome and Archuleta anticlinorium lie pa1'tly on an ancient northwesterly 

· tre11;ding 'uplift,,. ,and are near the central part of the nor.thwesterly trending 
' I I 

Late Cretaceous basin whose northeastern margin was marked by the 

Uncompahgre -Sangre de Cristo geanticline (Fig. 10). Thus it seems 

likely that the dome and anticlinorium originated as an intrabasinal 

arch in the area of maximum compres1ional stress in the subsiding 

basin. 

After the arch was formed the San Juan Basin and the San Juan 

sag seem to have been deformed semi-independently. The poorly defined 

semicircular shape of the northern rim of the Central basin probably is 

due partly to secondary outward-directed compressional forces caused 

by crowding in the Central basin as it was shortened and downbuckled. 

Also, the- San Juan dome seems to have been upwarped as the Central 

basin was depr~ssed, and the compensating effect of the radial expansion 

of the dome probably helped to define the curved northern rim of the 

ba1in. 

Although an analysis of the structure of the eastern side of the 

San Juan Basin and adjacent uplifts indicates that the basin and uplifts 

were produced by regional tangential compression, the analysis does not 
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indicate whether this stress was ultimately the result of a regional 

vertical principal force which caused the subsidence of a very large 

segment of the earth's . crust. Possibly this segment might have been as· 

wide a• the entire Cretaceous Rocky Mountain geosyncline. On the other 

hand, it ie obvious that a regional compressional principal force could 

produce local s.econdary vertical forces. In this connection it should be 

noted that the linear uplifts and basins east and north of the San Juan Basin 

follow a regional pattern of curving uplifts concave to the southwest. On 

the .eastern side of the Uncompahgre -Sangre de Cristo geanticUne, the 

Sangre de Cristo Mountains were the site of overthrusting in Paleocene 

and Eocene time (Burbank and Goddard, 1937; Johnson, Dixon, and 

Wanek, 1956; Baltz and Bachman, 1956; Wanek and Read, 1956). The 

northern part of the Sangre de Cristo uplift bends northwestward and 

merges, more or less,with the northwesterly trending uplifts such as 

the Gunnison and Uncompahgre uplifts in the northeastern part of the 

Colorado Plateau. These relations suggest that n. segment of the earth's 

crust comprising the Colorado Plateau may have shifted ~orth-northeast-

ward and encroached upon the region to the north and east (or vice versa), 

generating a regional tangential compressional stress. 

Thus, it would appear that, although analyses of the mechanics 

I 

of formation of individual basins can more or less demonstrate the forces 

that produced the basins and adjacent uplifts, the analyses cannot con-

elusively demonstrate the ultimate nature of the regional forces involved. 
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It is unlikely that the ultimate causes of regional stresses in the earth's 

crust will be determined and understood until the local mechanics of 

deformation of all parts of large regions have been analized thoroughly. 

DEPOSITIONAL AND TECTONIC HISTORY 

On the basis of stratigraphic relations determined in the mapped 
, . 

. area and elsewhere in northweEtern New Me:x.ico and southwestern Colorado, 

some of the stages of Laramide deformation of the San Juan Basin and 

some of the adjacent uplifts can be dated. In late Montana time, during 

deposition of the Pictured Cliffs sandstone and the Fruitland and Kirtland 

formations, the Uncompahgre-Sangre de Cristo geanhcline (Fig. 10) 

rose to define the northeastern limb of a northwesterly trending basin 

that included the area of the present San Juan Basin but wat1 larger than 

the present basin. The area of the Nacimiento uplift may have been a 

shoal at this time. Near the end of Cretaceous time the San Juan Basin 

began to be formed. Prior to deposition of the Ojo Alamo sandstone, 

low northwesterly trending folds began to be formed in the adjacent parts 

of the present San Juan Basin and Nacimiento uplift. Thie folding may 

indicate a small amount of shift between the San Juan Basin and the Naci-

miento uplift,, but the structural relief between the two probably was small. 

The Archuleta anticlinorium probably began to be formed during deposi-

tion of the Mancos shale, and before the end of Cretaceous time it was 

uplifted to form an intrabasinal arch, thus beginning the delineation of 
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the San Juan Basin and the San Juan sag. The Hogback monocline on the 

northwestern side of the Central basin probably began to be formed prior 

to deposition of the Ojo Alamo. 

During Paleocene time the Uncompahgre -Sangre de Cris Lo geanti-

'cline · (probably including part of the Brazos uplift) contributed a large 

amount of orogenic and volcanic detritus to the San Juan Basin region. 

The Nacimiento uplift, Archuleta anticlinorium and Chama basin may 

have undergone some deformation, but they were parts of the same depo-

sitional basin in which the Nacimiento and Animas formations accumulated. 

The A11ima~ formation seems to have been deposited across the Archuleta 
• • 

, anticlinorium and is present in the San Jua.n sag in the southern part of 

the San Juan Mountains. No unconformities were· found within the 

Nacimiento formation on the eastern side of the basin and it is probable that 
• 

the Nacimiento and Animas formations were deposited across the region 

of the Chama basin and Nacimiento uplift. Parts of the Nacimiento and 

Animas formations were deposited on the Four Corners platform west of 

the Central basin, but intraformational unconformities indicate that folding 

continued episodically along the Hogback monocline during early and middle 

Paleocene time. In latest Paleocene or earliest Eocene time the entire 

Central basin was downwarped and the northwesterly trending anticlines 

at the eastern side of the basin and adjacent part of the Nacimiento uplift 

were rejuvenated and folded sharply. The basin may have been depressed 

slightly relative to the Nacimiento uplift during the right shift which 
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In early Eocene time the Uncomp 111re -Sang l.' rla aeant line 

ri eel a lar1e amount of arkosic detritue to the San Juan Ba~tul repon. 

Mctiments of the Cuba Mesa member of the San Jose formation rest 

' I o 

\Ulmaforma~ly on the Nacimiento formation on the western, southern. and 

eastern margins of the Central Msin, but the San Jose and Nacimiento 

probably are conformable in the iaterior of the basin. Durin1 depositioa 

of the Regina member of the Saa Jose formation, differential vertical 

movements defined the eaatera •41e of the Central basin as the basin 

was depressed relative to U.. cimieato aad French Mesa-Gallina 

uplifts. The first stage of deformation was th~ production of a west-

facial monocline alon1 the western aide of the uplift. Lar1e YOlumea of 

Cretaceous and older sedimentary rocks were eroded from the Macimiellto 

aplift althou1h tAe Precamltrian core does not seem to have been exposed 

at this time. ProMbly the Paleocene and latest Cretaceous rocks were 

eroded also from the main part of the Archuleta anticlinorium and the 

San Juan dome and the detrit\as was deposited in the San Juan Basin. Tile 

Precambrian terrane of the rasos uplift contributed a large volume of 

coarn detritus (Llaves mel'ftMr of the San Jose formation) to the deeper 

rt of the San Juan Basin. J'ol ias continued episodically on the Ho1back 

monocline on the northweatera aiM oft ~entral basin in early Eoce .. 
I 

• time. Durin1 a period of•relative tectonic quiescence the San J"'-&11 sia 



was filled by sediments of the San Jose formatJ.on which lapl;~ d out ,.)f the 

basin and onto the flanks of the adjacent uplifts (Telluride conglomerate. 

Blanco Basin and El Rito formations) as the source areas were worn 

down by erosion. 

Post-San Jose (probably Eocene or Oligocene) deformation was 

attended by the. main movements along the Nacimiento and Gallina faults 

during further depression and northeastward shift of the Central basin. 

, The San Jose formation was tilted inward along the margins of the entire 

Central basin. The Sc.n Jose formation and older rocks were uplifted and 

tilted along the western side of the Archuleta anticlinorium, causing the 

axis of the basin to be defined in its present position in the Central basin 

a:s the arch was deformed into an anticlinorium. 

The Brazos uplift and the eastern part of the Nacimiento uplift 

were tilted eastward after Oligocene or early Miocene time, as shown 

by the fact that the El Rito and Abiquiu formations (of Smith, 1938) in 

the Brazos uplift and in the northeastern part of the Nacimiento uplift are 

tilted eastward. This tilting probably occurred in Miocene and Pliocene 

time and was accompanied by strong faulting along the eastern margins 

of the uplifts during the formation of the Rio Grande trough. The east­

ward-tilting of the uplifts that lie east of the San Juan Basin might have 

caused slight stretching in the eastern part of the basin. This stretching 

could have selectively opened certain earlier -formed fractures such as 

those into which the lamprophyre dikes were intruded in Miocene(?) 



time in the· northeastern part of the basin a.nd on the Archuleta anti c lin orium. 

Structural adjustments have taken place in the southeastern p c:~. r t of the 

Nacimiento uplift as recently as Pleistocene and Recent time as shown by 

the fact that the Bandelier rhyolite tuff (of Smith, 193 8) has been broken by 

normal faults (Wood and Northrop, 1946; Northrop, 1950, p. 41-4Z). 

PRINCIPAL CONCLUSIONS 

During the mapping and study of the subsurface geology of the 

! 
'east-central part of the San Juan Basin, it was determined that several 

Late Cretaceous rock unit s are more extensive than indicated in previous 

reports. The Pictu re Cliffs l ' e and the undivided Fruitland 

formation a r, c·· Kirtland s hale \ e 1 t 11.1 d a long the eastern side of the 

ba ln more tha thirty mllee nGr.th d th.s x i tic-ns where they had been 

n, porie .i to we dge out L-r:.o the Lewis shal The Pictured Cliffs changes 

laterally into a thin eque nce o f 3haly ar dstone and sandy shale that can 

be traced to the no1 Lheaste rn pa rt of the area where it finally becomes 

indistinguishable from the upper part of the Lewis shale. The Fruitland-

Kirtland sequence, which contains northward-thickening marine or br'l.ckish-

water sandstone as well as nonmarine sandstone and shale, does not wedge 

out and was traced across the entire area. 

The Fruitland-Kirtland sequence is overlain unconformably by the 

Ojo Alamo sandstone in the east-central part of the San Juan Basin . The 

unconformable relationship indicates that low folds were developed on the 
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eastern side of the basin prior to the deposition of the OJO Alamo. The 

Ojo Alamo has been considered to be Cretaceous by most workers becau.e 

a locally present unit of dinosaur-bearing shale was assigned to the lower 

part of the formation at its type locality Howevet·, the p!r tatent • nd­

stone which constitutes the upper part of th" Ujc Alarr~o at it• type 

locality probably is unconformable with the underlying dinosaur-bearing 

shale. The persistent upper s~ndst~ne is c~rrelated with the Ojo Alamo 

of the east-central and western parts of the basin, and meagre florules 

indicate that the Ojo Alamo sandstone (excluding the dinosaur-bearing 

shale at the type locality) is early Tertiary. 

The Ojo Alamo sandstone is overlain conformably by the Naci-

miento formation of Paleocene age. No evidence of unconformity was 

observed at the base of the Nac niento in the east-central part of the basin 

although previous worker have postulated that the contact is an uncon-

formity ~n the sout we n a "'ld w . s ern sides of the basin. The 

Nacimienfo fo:::·niation :..s ov~rlr'lin unconformably by the San Jose formation 

of·~ r-ly -ocf. t age. P!oysical evidence .:.ubstantiates the unconformity 

postulated previc..Jsly o• paleontolog.>c;: evidence by Simpson. The varia­

tions in thickness of the .Nacimiento .rmation indicate that a system of 

northwesterly-trending folds developed along the easte\:"n side of the San 

Juan Basin prior to the deposition of the San Jose formation. 

'rhe San Jose formation consists of several mappable facies which 

were named the Cuba Mesa, Regina, Llaves, and Tapicitos memb rs. An 
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intraformational angular unconformity between the Regina member and 

older rocks near the eastern edge of the basin indicates that a monocline 

began to form on the western side of the Nacimiento uplift in early Eocene 

time. The overstepping Regina beds are folded also, and this indicates 

that much of the structural relief between the basin and uplift is the result of 

movements on the Nacimiento fault after the deposition of the San Jose 

formation. 

The stratigraphy and structure of the mapped area provide evidence 

concerning the nature of the laramide deformation of the entire eastern 

part of the San Juan Basin and the adjacent uplifts. The north-trending 

Nacimiento fault and the northeasterly-trending Gallina fault are high­

angle wrenches along which right shift occurred during downbuckling and 

shortening of the basin in response to a northeasterly-directed reg1onal 

compressional force. The southeastern part of the Archuleta anticlin­

orium was upwarped and shortened by the same compressional force. 

The Nacimiento and Gallina faults and the southeastern margin of 

the Archuleta anticlinorium mark a major north-northeast-trending 

structural discontinuity along which differing major structures are opposed. 

The variations in structure on either side of the discontinuity appear to be 

the result of differential yielding to the regional compressional stress by 

crustal blocks whose alinements and structural competence are different. 
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DESCRIPTIONS OF 
STRATIGRAPHIC SECTIONS OF 

TYPE LOCALITIES 

Index 

Nadmi.ento formation. 

San Jose formation: 

Pages 
265-269 

Cuba Mesa member. . 273-276 

Regina member • 27 8-281 

Llaves member, lower part 282-283 

Llaves member, upper part 285 

Tapicitos member, lower part. . 286 
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Localities 1a-1d, composite sc:ction, T. 20 N., K. 2 W. Units 
1 -13 measured at locality 1a on the south side of the small butte in 
theSE 1/4 SW 1/4 sec. 25. Units 14 -31 measured at !o rality 1b on 
the topographic spur projecting eastward from Me6a Portal in the 
SW 1/4 NW 1/4 sec. 25 and the NE 1/4 sec. 26. Units 32 -52 r:'leasurf'd 
at locality 1c on the mesa north of Arroyo Chiuilla in the NE 1/4 NE /4 
sec. 2 3, and the SE 1/4 sec. 14. Units 53 -95 measured on the Sno 
side of a spur of Mesa de Cuba at locality 1d in the NW l/4 SW 1)4 ~ec. 
12, and NE 1/4 sec. 11. 

Top 
Thickness 

(feet) 
San Jose formation: 

Cuba Mesa member (in part): 
95. Sandstone, light-tan to brown. Fine -grained 

to very coarse grained quartz with 10 percent 
pink feld:3par. Contains many granules and 
pebbles composed mainly of quartzite. Cross­
bedded, beds 1-15 feet thick. Contains silici­
fied wood. Lower two -thirds forms nearly 
vertical ledges; upper one -third forms rounded 
ledges at the top of the southern part of Mesa 
de Cuba. . , . . . . . . . . . . . . . 140 

94. Sandstone, light··gray, shaly. Forms notch. 
E:-o::.:d.onal ccmta.ct with overlying unit . . . 6 

93. Sa.ndetone, Hght-tan, fine -grained to very coarse 
grained" Composed of angular to subround quartz 
with some rock fragments and a trace of muscovite. 
Forms thin , notched, rounded ledges. . . . . 30 

Nacimiento formation: 
92. Steep slope mo -;.i tly covered by talus from above 

units. Gray to olive -green silty clay shale is ex­
posed at a few places. Upper 50 feet ia a boulder­
strewn bench. . . . • . . . . • . • , • • 100 

91. Shale, silty clay, gray and olive-green; fc·rma 
steep slope. . . . . . . . • • . • • . . . 16 

90. Lignite, dark-gray, silty and argillaceous; forms 
conspicuous band. . . . . . . . • • • . . 3 

89. ' Shale, silty and sandy, light olive-green. . . . 30 
88. Sandstone, light-brown, medium-grained, soft, 

and channel cross -bedded. This unit thickens 
southwestward and forms a strong ledge. 8 

265 



Localities la-ld - Continued 

Nacimiento formation - Continued 

Thickness 
(feet) 

87. Shale, sandy and silty clay, light olive-gray with 
a few purple bands. Near the middle of the unit 
is a yellow sandstone lens four feet thick. 68 

86. Clay, purple, with interbedded olive -green sandy 
siltstone; forms steep slope. . • . . . . . . lZ 

85. Sandstone, light-buff to light olive-green; fine-
to medium-grained and argillaceous. Forms 
so.ft rounded slope. . . . . . • • • 13 

84. Siltstone, olive-gray and purple, and inter-
bedded clay. Near the middle is a lens of 
ferruginous sandstone, Z feet thick. Unit forms 
a steep, fluted slope. . . . . . . . • 30 

83. Sandstone, light-brown, medium-grained; forms 
a vertical ledge. . . . . . . . . . . R 

8Z Sandstone, fine-grained, argillaceous, slope-
forming. . . . . . . 8 

81. Shale, silty clay, olive -green, sandy. . 5 
80. Clay, purple, slope -forming . . 4 
79. Sandstone, light-:buff, fine- to hWdiu l-grair< 

soft. Contains gray clay len!" . . 
78. Shale, silty clay, olive-gray with pur ;- bands 

Contains very thin beds of soft yellc.w s nd­
stone. Forms a steep, fluted, irregul.u slope. '-

77. Shale, · gray clay; and buff, fine- to medium-
grained sandstone. . . . . • . • . . . 6 

7 6. Claystone, light-purple; interbedded soft sand-
stone and olive -gray siltstone. Forms a small 
bench. . . . . . . . . . . . • • • . • 13 

7 5. Siltstone, olive -green with purple bands. Soft 
white sandstone 3 feet thick occurs near the 
middle. Unit forms a soft slope. • • . • • l<l 

74. Siltstone, argillaceous, light yellowish-gray. . <l 
73. Sandstone, light-brown to tan, medium-grained; 

contains pink rock fragments and black grains. 
Sandstone is cross bedded and contains thin 
stringers of gray shale. Unit is mostly soft, 
but some beds form small vertical ledges. • Z3 

7Z • . Shale, silty clay. light olive -green. Upper part 
is sandy and contains lignite shale and silici-
fied wood. Unit forms a rounded hill. . . . 26 

7 L. Lignite, black to dark-brown; forms a conspicuous 
band above a small bench. . . . . . . . . 3 
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Localities la-ld - Continued 'hiclo. e 
(f L) 

Nacimiento formation - Continued 
7 0. Claystone, bentonitic, olive -gray; forms a. 

soft slope on the lower part of a bench. 
69 . . Siltstone, shaly, yellowish-gray; forms a 

soft slope. . . • . . . . . . . • • . 
68. Sandstone, buff to yellowish-brown, fine- to 
· I , coarse -grained, argillaceous; forms a soft, 

rounded to vertical cliff. . . . ; • • • : . 
67. Shale, light olive -gray; contains several beds 

of sandstone 2-7 feet thick and forms a soft, 

z.s 

8 

11 

smooth slope. . . . . . • . • • • • . . . 42 
66. Sandstone, light-buff to yellowish-brown, fine-

to medium ·-grained; forms a rounded ledge. . 5 
65. Shale, silty, light olive-gray; contains stringers 

of nodular ironstone and bands of dark olive­
green bentonitic clay. Unit forms a soft, 
rounded slope. . . . . • . . . • . 18 

64. Sandstone, light-gray, similar to unit 62 below. 
Unit is lenticular and locally merges with unit 
62. This sandstone is the upper bed of a zone 
characterized by soft, white -weathering sand-
stone and interbedded gray shale. . . 14 

63. Shale, silty clay, medium- to dark-gray, lenti-
cular.. . . . . . . . . . . . . . . . . . . 8 

62. Sandstone, light-gray, stained yellow-brown; 
composed of very fine grained to coarse-grained 
quartz with a few pink, yellow, and black rock 
fragments and feldspar grains. The unit grades 
laterally into shale, and forms a soft, rounded, 
fluted, steep slope. . • . • . 25 

61. Shale, light olive -gray to dark-gray; forms a 
small rounded bench. . . . . . . . . . . . 5 

60. Coal and dark-gray carbonaceous shale; forms 
conspicuous notch. This bed was ·traced north­
westward from exposures near the Torreon road 
into the deep canyon on the south side of Mesa de 
Cuba where units 61-95 were measured. • . • 0. 5 

59. Siltstone, slightly sandy, dark-brown. . . . • . • 3 
58. Siltstone, shaly, light olive-gray. • . • . . . 6 
57. Claystc1ne, slightly sandy, dark purplish-gray; 

forms a dark irregular band on the slope . . 5. 5 
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Localities la-ld - Continued 

Nacimiento formation - Continued 
56. Siltstone~ argillaceous, light-gray; contains 

several thin stringers of white-weathering 
lenticluar sandstone. . . . . . . • . . 

55. Claystone, purple. . • . . . • . . • . . . 
54. Sandstone, argillaceous, gray-white; forms an 

. irregular band on a steep slope. • . • . 
53. Siltstone, shaly, light gray; forms a steep fluted 

slope north of the Torreon road east of a 

Thickness 
(feet) 

20 
1 

4 

cattle guard. . . . . . . . . • . . . . . . • 8 
52.. Sandstone, light-brown, very argillaceous, thin­

bedded. The unit forms a soft slope near the top 
of a gravel-capped butte in sec. 14, T. 2.0 N. , 
R. 2. W. Units 51 and 52. dip northward 1°-2.

0 
and 

seem to be equivalent to a white sandstone below 
unit 53 just north of the Torreon road. • . . • 3 

51. Sandstone, .vety light-tan; weathers almost white. 
Sandstone is fine to medium grained, argillaceous, 
soft, and slope -forming. . • . . . . • • . . . 1 

50. Siltstone, shaly, argillaceous, dark-gray. . . 3 
49. Sandstone, silty, shaly, light-gray, very fine 

~rained; slope-forming. . . . . . • • • . . • 11 
48. Clay, silty, gray; light-gray weathering, slope-

forming. . . . . . . . . . . • . . . . . . . Z. 5 
47. Sandstone, light-gray, very fine grain~d, argil-

laceous, shaly; forms a slight, rounded ledge. • 2.. 5 
46. Clay, silty, light-gray to olive-gray with a 

purplish band; slightly bentonitic. . • . • . • . 9 
45. Sandstone, very light-olive, weathering almost 

white. Sandstone is very fine grained and argil-
laceous. . . • . • Z 

44. Silt stone, shal y, gray . . . . • . . • . . . . • . 1. 5 
43. Clay, dark-g :t:" ay. . • . . • • • • . . • . • • . 1 
~Z. Sandstone and sandy shale, olive-drab, argillaceous. 

Unit weathers to light yellowish-brown slope • . 4 
41. Clay, similar to unit 39. . . . . . • • . . . . . 8. 5 
40. Sandstone, gray-white, fine-grained, argillaceous, 

soft. . . . . . . . . . . . . . .. . . . . . . 1 
39. Clay, light olive-gray .... ~ • . . • . . . • 2.. 5 
38. Sandstone, gray-white, fine-grained, argillaceous, 

soft. . . . . . . . 2 
37. Clay, light olive-gray. . . . • • . . . • • . . . l. 
36. Sandstone, gray-white, fine -grained, argillaceous, 

a oft. . • • • . • . 1.5 
2.68 



Localities la-ld - Continued 7 ckn 
(feet 

Nacimiento fo.rmation - Continued 
35. Clay; mainly drab gray with some purpUsh and 

olive bands, and some siltstone stringers. The 
unit forms soft rounded slopes on a butte. • • 

34. Siltstone, argillaceous, light brownish"gray; 
contains stringers of yellowish ea.rtdetone, 
and forms a slope. . . • • . • . . 

Total thickness of Nacimiento form•tior . . 

Ojo Alamo sandstone: 
33. Sandstone, yellowish-broWl'!, argillaceous • fine .. 

to medium-grained, shaly-bedded, soft; forma 
poorly exposed rounded slopes. • • • • • • . 

3Z. Sand~:~tone, light-buff, medium- to coarse-
grainedJ concave cross bedding. Unit forms 
moderately strong, smooth ledges retreating 
from unit 31 on the north side of Arroyo Chiuilla. 
Unit 31 was correlated from the south side of 
Arroyo Chiuilla. . . . . . • • • • • . . • 

31. Sandstone, fine- to coarse -grained, with granules. 
A thin stringer of carbonaceous shale oc curs 

near the base. The unit forms low rounded hills 
on the northeastern part of Mesa Portal. . . . 

30. Sandstone, yellowish -brown; coarsf"- -grained to 
granules; mostly angular to subangular quartz 
with fragments of feldspar common. Locally at 
the base of this unit is a lense of channel-filling 
gravel composed of small pebble e of quartz, chert, 
clay, and feldspar. Flattened carbonized logs are 
present in the gravel. The unit forms a strong 
cliff, and thickens south of the locality of tneas­
urement. The base of the unit is an irregular 
erosional surface. . • • . • • • • • • • 

Total thickness of Ojo Alamo sandstone . 

Kirtland shale and Fruitland formation, undivided: 
Z9. Sandstone, light-brown, fine- to coarse-grained; 

grades into underlying unit and wP-athers to a 
notch. . . . . . . . . . . . . . . . . . . 

?-~· Clay, purplish-gray; forms low rounded slopes •• 
Z1. Shale, sandy and silty, olive-gray; forras 

rounded slopes. . . • • • . • . . • • 

Z69 

38 

-797 

s. 5 

zs 

11 

Z1.5 
69.0 

Z.5 
5 

11 



Localitiee la-ld - Continued 

Kirtland shale and Fruitland formation, undivided - Continued 
Z6. Sandstone, very light gray to buff; weathers 

light orange -brown. Sandstone is composed 

Tnicknesa 
(feet) 

of fine -grained to very coarse grained, an­
gular to subangular quartz with a minor amount 
of weathered feldspar and rock fragments. The 
sa~dstone is ferruginous and contains numerous 
.casts of logs. Bedding is irregular, and an 
ironstQne layer 1-3 feet thick occurs near the 
top of the unit. The unit forma a blocky vertical 

cliff. . . • . . . . . . . . . . . . . . . . . ZZ 
ZS. Siltstone and very fine grained sandstone, inter­

bedded. The lower half is olive-green; the 
upper half is banded gray, brown, and purple. 
The unit forms nodular-weathering rr.otch. . 9 

Z4. Shale, purple and olive; upper part is silty and 
grades into the overlying unit. • • • . . . . . 16 

Z3. Sandstone, light-gray, tan-weathering; composed 
of silt to very coa::se grained quartz, a few 
grains of black minerals and ·rock £rags, and a 
few clay pebbles. About ZO feet above the base 
is a dark-brown concretionary layer. The unit 
is cross bedded and forms a vertical ledge. . . ZS 

ZZ. Sandstone, brown to white, medium-grained, 
argillaceous; weathers to a notch. . . • . • . 1 

Zl. Sandstone, olive-gray, fine- to medium-grained, 
slope -forming .L • • • • • • • • • • • • • • • 18 

ZO. Shale, light olive-gray; contains plant fragments.. 1. 5 
19. Sandstone, buff, fine-grained, argillaceous; 

forms a small rounded ledge. . . . . . . . . . 3. 5 
18. Clay, similar to unjt 16. . . . • • . • • • • 8 
17. Sandstone, very light-brown, fine- grained to 

ver.y fine grained, argillaceous and micaceous; 
forms a rounded ledge with a gray shale strin-
ger near the middle. . . . • • • . . . • . • 11 

16. Clay, banded olive-green and purple, slightly 
bentonitic; forms smooth, rounded, fissured 
hills. . . . . . . . . . . . . . . . . . . 34 

15. Sandstone, very light gray to white, fine- to 
medium-grained. Sandstone is composed of 
angular to subround quartz with a trace of pink 
and green chert and black minerals; forms a 
rounded soft slope at the eastern end of a spur.. Z7 
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Localitiee la-ld - Continued ' tckr ts 

(fet 
I<irtla.Dd ehale and Fruitland formation, undivided - Contin u 

' . 1•. Sandstone, similar to unit 13 but softer; rest 
on pink 1andstone equivalent to unit 13 on a 

. small cueeta cros1ed by a road. • • • • • . 
13. s-.ndstone light-gray to light-buff to white; 

medium- to coarse-grained, with sorr1e gran· 
ule-s, , The sandstone is composed of angular 
to subround quartz with som~ .rock fragments 
anc\ contains pebbles of sandstone and red and 
gray· Siliceous rocks. Much silicified .wood is 
present, with some logs as large as 2 feet in 
diameter. The •andstone is strongly cros1 
bedded and forme a strong ledge capping an 
isol.ated butte . . . . . . . . . • . • • • 

lZ. Sandstone, light olive-gray to buff, fine- to 
medium-grained; contains a ·rgillaceou& string­
ere and forms a sEght, rounded ledge on 
the butte. . . . . . . . . . . . . . . . • 

11. Sandstone, medium-gray, fine- to mediurn-grai71-
ed, argUlaceou•. The eandstone contains many 
flattened lignitize d logs and a lignite band. at 
the base. The sanda:tone contains stringers of 
gray clay with lignitized plant fragments. To 
the southwest this unit forms a prominent, per­
sistent carbonaceous zone on the escarpment of 

1l 

10 

Zl 

MesaPortal. . . . . . • . . • • • • . • • 10 
' Total thickness of Kirtland shale and Fruitland 

formation. . . . . . . . . . . . . . . . . 
Pictured Cliffs sandstone.: 

10. Sandstone, light-gray, medium-grained. The 
sandstone is composed of angular to sub­
angular quartz with a few pink and black grains 
and black mica flakes. The unit is slightly 
gyp1eous and ferruginous, and forms a steep 

slope. . . . • · • • • • • • • • • • 
9. Shale, fissile clay, dark-gray; poorly exposed 

on a slope. • . . . . • • • • • • • . • • • 
8. Sandstone, light olive-gray, fine-grained to very 

fine grained. About 30 percent of the unit is· 
clay shale in beds Z inches-1 foot thick. The 
unit is poorly exposed on a slope. 

7. Covered. Probably shale. . • • . . • . 
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Localities 1a-1d - Continued Thickness 
(feet) 

Pictured Cliffs sandstone - Continued 
6-. Sandstone, light olive -gray, fine -grained to 

very fine grained. The lower part is poorly 
cemented and forms a soft slope. The upper 
part is "papery-bedded'', brown-weathering 
s R.trde t (.lne. , , . . . . • • • . 

5 Shall'!, (lay, olive-green, poorly exposed. 
4. S;.arlstone, fine-grained, soft, similar to 

umt 2; poo:rly exposed. . . • . . . . . 
3. Sandstone, buff, medium-grained; contains 

black grains; cross-bedded. The weathered 
surface is a ferruginous brown rind one -eighth 
Lnch ~ruck, and the beds have a slightly concre­
tionary appearance. The sandstone contains 
Hal:ymenit~s and pelecypods, and forms small 
ledges capping benches. Locally the unit forms 
slo~s. . . . . . .......... . 

2. Sandstone, light yellowish-brown, fine -grained 
to very fine grained, silty. Upper half contains 
three 6-inch stringers of gray shale. The unit 

forms a rounded slope. . . . . . . . 
Total thickness of Pictured Cliffs sandstone. : .• 

Lewis shale {in part): 
1. Shale, silty clay, light olive -gray to gray; con­

tains scattered tiny carbonized plant fragments. 

6 
5 

4 

3.5 

7.5 
64.5 

The unit is poorly exposed on a slope. . 1 S+ 

Locality 2. Outcrops along State Highway 44 northwest of Cuba, 
New Mexico. Section measured mainly on the north side of the road. 
The base of the· section is in the NE 1 I 4 NW 1 I 4 sec: 20, and it was 
measured westward across sees. 17, 8, 7, and 6, T. 21 N. 1 R. 1 W., 
-.nds,·c.s. land2, T. 21N., R. 2W. Thethicknessofunit30insecs. 
28 and 33-35, T. 21 N., R. 2 W. ,was estimated from topographic maps. 

Top 

San Jose formation: 

Llaves member(?): 
11 . Sandatone, buff, massive. The unit caps a mesa 

Thickness 
(feet) 

o•t the Continental Divide. Top eroded. . . . 50+ 
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Locality z· - Continued Thickness 
(feet) 

San Jose formation - Continued 

Regina member: 
30. Shale, sandy silty clay; gray with reddish, 

. yellow, and white bands. Lenses of soft, 
argillaceous, fine- to coarse -grained, buff 
sandstone are interbedded, and most of the 
unit forms soft slopes and low rounded hills. 
Several ledge -forming, thick beds of sandstone 
are interbedded with variegated sandy shale. 
The highest part of unH exposed along the 
Continental Divide in sees. 28 and 29, T. 22 N., 
R. 2 W. is predominantly reddish shale with 
thick lenticular sandstone interbedded. . . 600 

(estimated) 

Cuba Mesa member (type section), upper tongue (Tsc4 ): 
29. Sandstone, rusty-brown to buff-weathering. The 

sandstone is composed of coarse -grained to 
granule -size angular to subrounded quartz, with 
some feldspar. The upper part of sandstone is 
a hard, rusty, ferruginous zone. The unit thins 
northward, but thickens southwestward and merges 
with unit 22 as units 23-28 wedge out. . . 52± 

Regina member, tongue (Tsr); wedges out to southwest: 
2 8. Shale, silty clay, olive -gray, reddish-

weathering. . . . . . . . • . . . . . 20 
27. Sandstone, olive-green, fine- to medium-

grained, soft, argillaceous. . . . . • . 9 
26. Covered. Probably shale. . . • . _. • • . 7 
2 5. Sandstone, light-orange to buff; composed of 

very coarse grained to granule-size quartz, 
with some feldspar. The unit forms a slope 
in road cut. . . . . . . . . . . . . . • . 8 

24. Sandstone, buff, fine- to medium-grained; caps 
a small hill and forms an irregular ledge . 

23. Shale, sandy and silty clay, greenish-gray to 
olive -·green with purple -weathering bands . . 
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Locality 2 - Continued Th ' 
(f t) 

San Jose formation - Continued 

. 
Cuba Mesa member (ttype section), tongue (Tsc 3 ): 

22. Sandstone, light yellowish-orange; composed 
of fine -grained to granule -size, angular to 
sub round quartz with feldspar and rock fr~g ~ 
ments. The unit forms a strong ledge ... e 
lower half is composed of several stream­
channel sandstones with thin interbeds of g:r4)' 
shale. The upper half is more massive. The 
unit wedges out to the northeast, but tP,ickens 
to the south and merges with unit 18 as unit 19 
wedges out. . ........•.. 

21. Covered. . . . ........•.. 
• • 80 

10 
20. Sandstone, rusty-brown, very coarse grained; 

gray shale interbedded. 

Regina member, tongue (Tsr); wedges out to sot:.th: 
19. Shale, gray, soft; contains thin beds of soft sand­

stone. The unit forms a slope on the high hill 

5 

north of State Highway 44. • . . . • . . . . 55 

Cuba Mesa member (type section), main part: 
18. Sandstone, buff, stained yellowish-brown; coarse­

grained, cross -bedded, forms smooth rounded 
ledges north of State Highway 44 west of Rito de 
los Pinos. This unit is the upper part of the 
lower tongue (Tsc2 ) of the Cuba Mesa member 
north of the locality of measurement. . . . . . 47 

17. Sandstone, soft and shaly, with carbonaceous shale 
interbedded. . . . . . . . . • . • • . 15 

16. Sandstone, yellow and buff, very coarse grained 
and pebbly; cross·-bedded,forms rounded 
ledges ........... ~ . • • . • . • 45 

15. Sandstone, gray and yellow, soft. Lenses of shale 
are interbedded. . . . . 27 

14. Shale, clay, gray and carbonaceous; shaly sand-
stone interbedded. The shale contains many 
silicified logs, and forms a long, low slope. . 20 

13. Sandstone, yellow and buff; very coarse grained 
with granules and small pebbles. The sand is 
mainly angular to subangular quartz, but is 
arkosic and micaceous. Unit has sweeping 
cross beds and forms irregular, rounded ledges. 
Large silicified logs are nume roue. . • . . . 83 
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Locality 2 - Continued 

San Jose formation - Continued 

Cuba Mesa member. {type section), main part - Continued 
12. Shale, gray, carbonaceous; forms a poorly 

exposed slope above lowest sandstone ledge 

Thickne 
{ f et) 

west of Rito de los Pinos. • • • • • . • . 5 
11. Sandstone, yellow-buff; coarse- to very coarse 

grained, arkosic. Contains many silicified 
.logs. Upper 1-2 feet is ferruginous ironstone. 
The uni~ caps the top of the hill north of State 
Highway 44 in the northern part of sec. 29, 

, ' T~ ~1 N., R. 1 W. The top of the unit seems to 
be equivalent to the top of the lowest sandstone 
ledge west of Rito de los Pinos. This unit and 
underlying units are mainly equivalent to the 
basal part (Tsc 1) of the Cuba Mesa member 
further north. . . . . . . 55 

10. Sandstone, orange -brown, coarse- to very coar se 
grained; forms a small poorly exposed ledge .. 7 

9. Sandstone, light yellowish-brown. coar se - t o v ry 
coarse grained, arko sic. T h e unit 1s sun'la o 
unit 7, and fo rms a n ir r e gular s op c pp db} 
hard ferrugin ous b a nd . . . . . 3 l 

8. Shale, clay, olive - gray. The lowe r 5 fe et i s 
slightly purplish weathering, brown, lignitic 
shale. The unit forms a soft slope. . . . . 13 

7. Sandstone, light brownish-gray; compo s ed of ve ry 
coarse grained to granule-size suban gular t o 
subround quartz and quartzite with abundant 
feldspar fragments and lenses of small pebbles. 
The cross beds are broad and sweeping. Forms 
an irregular, rounded, retreating ledge. The upper 
1-2 feet is highly ferruginous. . • • • . 36 

.6. Sandstone, buff; weathers rusty-brown to red. 
Similar to unit 5. Cross bedded, forms ledge .• 27.5 

5.. Sar_dstone, bu.££, has a slight rusty stain. The 
sand is fine- to very coarse grained, angular 
to subround quartz with a trace of pink chert, 
feldspar, and mica. A few clay and quartzite 
pebbles are present in the upper half. The unit 
is cross bedded, and forms a strong cliff. Some 
bedding planes are marked by brown carbonized 
leaves and other plant debris. . . . . . . . • 50 
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Locality 2 - Continued 

San Jose .formation - Continued 

Cuba Me a a member (type section), main part - Continu d 
4. Sandstone, . ,buff to brown, fine -gra.ined; and shaly 

ailtltone, gray to li&ht olive -aray. Sandstone 
and shale are interbedded in bedl 1 inch to l 

· foot thick. The sha.le is lignitic. Unit forma a. 

Tl 

nearly-vertical slope. . • • • • • • • • • • 9 
3. Sandatone, greenish-gray, li&ht- to dark.-·brown 

weathering. The sand is medium- .to coarse- · 
grained, angular to subround quartz with some 
pin~ and,' black chert fragments, feldspar, and 
mica. The unit contains shale pebble• near the 
base, and several a hale lenses. 
Forms a strong ledge. • . • • • • • • • • . 17. 5 

2. Sandstone, gray; and interbedded gray and bt-own 
argillaceous siltstone. The unit seems to be a 
channel fill. About 30 percent of the unit is 
sandstone in beds 1 inch to 1 foot thick. The 
ailtstone beds contain much lignitized plant 
debris. Forms small, irregular ledge. Ero-
sional contact with underlying unit. . • • • • . 4 

Total thickness of Cuba Mesa member(il'lcluding 
tongues of the Regina member) 782 

Nacimiento formation (in part): 
1. Shale, silty clay, olive -gray. Dark-gray 

carbonaceous clay is about 12 feet below the 
top of the unit. Unit forms soft elope. Erosional 
contact with unit 2. . . . • • • • • • . • . Not meas'.lred 
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Locality 3. Units 1-15 measured a.t locality 3a on o bac 
and •lopes west of State Highway 112 in the SW 1/4 NE 1/4 s c. 31. 
T. 25 N •• R. 1 E. Base of section is on shale slopes north of U.S. 
Foreet Service fence. Units 16-56 meaeured at locality 3b in the 
valleys and on the steep escarpment in the SW 1/4 SW l/4 sec. 31. 
T. 25 N., R. 1 E.; and the N 1/Z SE 1/4 and the SW 1/4 NE 1/4: sec. 
36, T. Z5 N. ~ R. 1 W. 

Top Tbickne•• 
(feet) 

Sane Jose formation& 

Llaves member: 
56. Sandstone, gray to buff, coarse -grained and 

conglomeratic; contains some interbedded red 
shale, especially in lower half. The unit caps 
the highest part of the mesa. The upper beds 
probably are equivalent to the persistent medial 
sandstone of the Llaves member. Top eroded.. 160± 

55. Sandstone, light-gray; very coarse grained to 
granule -size quartz with some feldspar. The 

I 

unit forms a rounded ledge at the top of the 
ridge south of a saddle. . • . • • • • . • . 15 

54. Shale, sandy silty clay, reddish- and green -gray; 
slope-forming. . . . . . • . • • • . . . • 14 

53. Sandstone, buff, fine- to coarse-grained; forms 
small ledges. . . . . . . . • • . . . . . . 10 

5Z. Shale, silty clay, reddish- and green-gray; slope-
forming. . . • . • . . . • • • • • • • . • 25 

51. Sandstone, light-tan, medium- to coarse-grained; 
contains granules. Shaly sandstone of middle 
third of unit causes a break in slope separating 
rounded, irregular ledges. • . • • • • • • . 

50. Siltstone, light greenish-gray, .argillaceous; 
slope -forming. • . • . . . • • • • • . 

49. Sandstone, tan, fine- to very coarse grained; 
contains lenses of pebbles consisting of gray 
and purple quartzite. Pebbles are 3-4 inches 
in largest dimension. The unit forms strong 
multiple ledge s . . . • . . • • • • • . . • 

48. Shale, greenish-gray with a red band near the 
base. . . . . . . . . . . . . . . . . . 

47. Sandstone, tan with pinkish cat 
grained, arkosic; contains s 
pebble a and form• a ledge. 

Z77 

fine- to coarse­
n quartzite 

«< • • • • • • 

35 

10 

Z6 

zz 

zz 



Locality 3 - Continued Thlcknez; s 
(feet) 

San Jose formation - Continued 

Regina member (type section): 
46. Shale, silty clay, light-gray. The upper part wea­

thers purplish and contains small lime stone 
nodules. The unit forms a slope. . • • . . 30 

· 45. Shale, red; forms a poorly exposed slope. . . 18 
44. Sandstone, buff, fine- to coarse-grained; forms 

a small ledge. . . . . . . • • . . . · 5 
43 '" Sandstone, buff, fine- to coarse -grained, arkosic; 

forms a vertical ledge. . . . • . 20 
42. Shale, silty clay, greenish-gray and maroon. . 30 
41. Shale, silty clay, greenish-gray with rusty-

brown mottling·; slope -forming. . • • • . 9 
40. Shale, silty clay, maroon with greenish-gray 

streaks; slope -forming. . . . • . . . . . 17 

Llaves member (tongue): 
39. Sandstone, light-gray to buff; locally stained 

red by clay washing down from above. The 
sandstone is fine- to very coarse grained, and 
contains many lenses of granules and small­
pebble conglomerate. Pebbles and granules are 
mostly quartzite. Chert fragments and weathered 
feldspar are common. Highly irregular stream­
channel cross bedding. Unit forms a massive 
vertical ledge. This tongue of the Llaves member 
persists to the south wher;e it contains thin lenses 
of shale. . . . . . . . . . . . • • • 43 

Regina member (type section)- Continued 
38. Shale, silty clay, light-gray to olive -green; 

locally weathers to purplish bands. Unit forms 

37. 
36. 

35. 
34. 
33. 
32. 
31. 
30. 

a steep slope. . . . . . . • • • • • • . • 80 
Shale, silty clay, dull-red ..•.•..•. 
Shale, siltstone, light olive-gray; weathers 

purplish. . • . . . . . . . . 
Shale, clay, dull-red we a the ring. 
Sandstone, buff, medium-grained 
Shale, silty clay, light-gray ...•. 
Shale, clay, light -purple. . . • . • • • • . . 
Shale, clay; weathers light-red ..••••.. 
Claystone, gray, mottled brown; forms a light-tan 

11 

7 
4 
1 
5.5 
2 
3 

band. To the north the unit gracl.es into a l~dge­
forming sandstone tongue of the Llaves member .. 13 
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Locality 3 - Continued Thickness 
(feet) 

San Jose formation - Continued 

Regina member (type section) - Continued 
29. Shale, argillaceous silt, light-gray. . . . . . 
.28. Sandstone, light yellowish-gray, coarse­

grained; forms a soft yellow band, and con­
tains thin bands of lignitic clay . . . • . . 

27. Shale, silty clay, gray. . . . . . • . . ... 
26. Siltstone, brick-red, forms conspicuous band .. 
.2 5. Shale, silty clay, light brownish-gray with a 

faint purple band near the top. . . • . . 
24. Shale, silty clay, light-gray; contains a few 

lenses of soft, gray, medium- to coarse­
grained sandstone 2-5 feet thick. . . . . 

.23. Sandstone, buff to light ye1low-gr~.y; contains 
very coarse grained to granule -size quartz 
with feldspar fragments and small clay pebbles. 
The unit caps a point on the east end of a small 
ridge and lenses out to the west into gray shale. 
The unit thickens northward to form a strong 

29 

7 
14.5 

5 

30 

71. 5 

ledge . . . • . . , . . . . . . . . . . . . 8. 5 
22. Shale, silty clay, pale -tan, gray, and olive -gray; 

contains thin bands of soft argillaceous sand­
stone and siltstone. Unit forms a steep slope on 
an eastward-projecting spur.- . · . · . ·. . . . . 60 

21. Sandstone, buff to white, coarse -grained; locally 
contains quartzite pebbles as large as 3 inches 
in lange st dimension. The unit is a channel 
deposit locally 8-10 feet thick, and forms a hard 
ledge capping a long low' cuesta. . • , • . . • 2. 5 

20. Shale, sil.ty clay, 1igh~-gray to light olive -gray; 
has two thin bands of purple and red clay, and 
forms a slope. . . . . . . . • • .• • . . . 20 

19. Sandstone, light-gray; composed of very coarse 
grained to granule -size quartzite fragments and 
some feldspar. The unit is a channel deposit and 
forms a small ledge. . . . . . • • . • 5. 5 

18. Shale, silty clay; upper half is olive-gray; lower 
half is light -gray. Unit forms a slope. . . 22 

Total thickness of main part of Regina member 
(int; hdi ·ng tongue of Llaves member, unit 39). 574 
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Locality 3 .- Continued 

San Jose formation - Continued 

Cuba Mesa member, upper tongue (Tsc ): 
17. Sax:dstone, light-gray, stained iight-yellow; 

composed of very coarse grained quartz and 
quartzite with a trace of feldspar and mica. 
Sandstone contains numerous small quartzite 

Tluckness 

(fe t) 

, pebbles and forms a small ledge. . . . . . 15 
16. Shale .. , silty clay, light-gray with light-red and 

olive -colored bands; slope -forming . . . . 27. 5 
15. Sandstone, buff; weathers light yellowish-brown; 

medium- to coarse -grained, arkosic. Upper 
part contains numerous large cobbles and pebbles 
of quartzite and schist. Unit forms strong multi-
~ple ledges stepped back along shale lenses 
included iP tne sandstone. This sandstone was 
traced southward to the locality o£ measurement 
ofunit 16. . . . . . . . 30 

Regina member, tongue (Tsr): 
14. Shale, hght greenish-gray and gray; contains 5 

or 6 lenses of soft light-gray channel sandstone. 
Forms a slope and becomes thinner to the north .. 119 

13. Sandstone, light-gray to buff; contains interbedded 
shale. . . . . . . • • . . . . 9 

12. Shale, silty clay, greenish-gray, slope-forming. . 16 

Cuba Mesa member, Lower tongue (Tscz): 
11 . Sandstone, hght-gray to buff; weathers yellow­

brown; medium- to coarse-grained, feldspathic. 
Sandstone contains thin stringers of small pebbles 
and is irregularly bedded. Forms a ledge. . 29 

10. Shale, silty clay, light olive-gray; contains thin 
sandy lenses, and weathers to a slope. . . . • 9 

9. Sandstone, light-gray, limonite -stained; medium­
to coarse-grained with a few granules. Upper 
half is brown and contains thin clay lenses. 
Unit weathers to a slope . . . . • • . • . 23 
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Locality 3 - Continued T h tckness 
(feet) 

San Jose 'formation - Continued 

Regina member~ tongue (Tsr): 
8. Shale, silty clay, greenish-gray; lower 4 feet 

weathers dull red. Forms slope. • . . . . 51 

Cuba Mesa member, main part (Tsc ): 
7. Sandstone, brown to yelloJish-browr-.; 

contains fine-grained to granule-size quartz 
·and quartzite and some feldspar and scattered 
small quartzite pebbles. Concretionary weath­
ering causes brown "cannonballs 11 up to 2 feet 
in diameter. Unit forms a strong persistent 
ledge. . . . • . . . . . . . . • • . . 27 

Total tlf~ckness of Cuba Mesa member (including 
tongues of Regina member). . . . . . . 355. 5 

Nacimiento formation (in part): 
6. Shale, silty sandy clay , light olive -gray; forms 

poorly exposed slope. . . . . . . 16 
5. Sa.ndstone, light-tan, fine- to medium-grained, 

thin-bedded; forms poorly exposed slope. . . 27 
4. Shale, silty clay, dark-gray; slightly bentonitic. 

Upper half is brown lignitic sandy shale. Unit 
forms a poorly exposed slope. . • . • . . 26 

3. Sandstone, light-tan, fine- to medium--grained, 
soft, pc (.' rly exposed. . . . . • . • • . 24 

2. Sandstone, dark rusty-brown, medium- to coarse­
grainf"d ; co~ta :i. r:.A stringers of quartzite granules 
and small pAbble s, and forms a small ledge. . 1 

1. Shale, clay, dark-gray; forms a poorly· exposed 
slope. . . . . . . . 10+ 
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Locality 4. Section measured on the eastwa · 1-pr•ne cting spur 
of the ridge southwest of Spring Canyon in theN 1/2 sec. 18, T. 25 
N., R. 1 E. 

Top Thickness 
(feet) 

San Jose formation: 

Llaves me·mber (type section of lower part): 
.50, Sandstone, light reddish-brown. c c)a "· se-gt'ained; 

I 

49. 

48. 

47. 

46. 

45. 

44. 

weathers to a massive rounde d blu c-. 'Ping to F 
of n'arrow pa.rt of r :. dge. . . . .: r 

' . 
Sandstone, light yellowish -brown ; c '.Jmposcd of 

medium- to very coarse grained, arkoc;ic . quartz 
sand containing small cobbles of gray to pux-plish 
quartzite. Channel cross bedding. Holds up 
narrow ledge. . . . . • . • • . 50 

Shale, silty clay, gray to olive; weathers red and 
contains interbedded red-weathering sandstone.. 35 

Sandstone, buff, coarse-grained with scattered 
granules and small pebbles; forms small ledge.. 3 

Shale, silty clay, light-gray to olive; weathers 
red. Unit contains interbedded thin sandstone.. 14 

Sandstone, light-brown weathering, coarse- to 
very coarse grained; contains nurnerous lenses 
of pebbles as large as 2 inches ir. diameter. Unit 
forms a strong ledge. . . . . • 40 

Shale, silty clay, red-weathering; contains thin 
sandstone beds. . . . . . • • . . . 37 

43. Sandstone, light pinkish-brown, fine- to coarse-
grained; forms a ledge on a long narrow spur. 20 

42. Shale, silty sandy clay, light-gray to light olive-
gray; contains thin sandstone beds, and forms 
a slope. . . . . . . • . . • . • . SO 

41. Sandstone, grayish-yellow, very coarse grained; 
contains numerous scattered pebbles 4. 5 

40. Sandstone, light reddish-gray, fine-grained. Beds 
are about 6 inches thick and separated by stringers 
of gray shale. Entire unit weathers red and forms 
a retreating slope on a small bench. 15 

39. Sandstone, light yellowish -brown; similar to unit 
37. Forms a strong ledge. . . . . . • . . . 55 

38. Shale, clay, red to gray; and interbedded shaly 
sandstone. Unit forms a notch in cliffs. • 30 
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Locality 4 - Continued 

San Jose formation - Continued 

Llaves member - Continued 

Thickness 
(feet) 

37. Sandstone, light yellowish-brown, fine- to coarse­
grained, arkosic; contains a lens of small-pebble 
gravel, and fossil wood impressions. Unit is 
cross bedded and forms a strong cliff. . . . 40 

36. Sandstone, light reddish-gray to maroon, fine-
.to medium-grained. Sandstone beds are about 

1 foot thick, and are separated by red-weathering 
clay shale beds. Unit forms a slope. To the north 
this unit grades into hard sandstone. . . . . 33 

3?. Shale, silty clay, light olive-gray; forms a slope.. 6 
34. Sandstone, light-brown, medium- to coarse-

grained; forms a small ledge. . . • 9 
33. Shale, sandy siltstone, greenish-gray, reddish-

we a the ring. . . . . . . . • . . . . . . . 3 5 
32. Sandstone, earthy, pale-maroon, fine- to medium­

grained. 50 feet to the south this unit becomes 
massive, yellow, coarse -grained sandstone. 6 

31. Shale, clay; weathers pale maroon. . . . 12 
30. Sandstone, yellow, coarse -grained; contains 

granules of quartz and feldspar, and pebbles and 
cobbles of quartzite. Unit is cross bedded and 
ledge forming. . . . . . . . • . . . 14 

29. Shale, silty clay, light-gray to olive-gray; weath-
ers pale maroon, and forms a slope. , . . . 12 

28. Sandstone, light purplish-brown and red, fine- to 
meC.ium-grained, earthy; forms a rounded, 
irregular ledge. . . . . . ... . • · . , 10 

27. Sandsto~e, buff, fine- to coarse -~rained; cqntain~ 
granules and scattered small pebbles. Unit is 
cross bedded and forms a strong ledge . . '. 30 

I 
26. Shale, argillaceous silt and fine -grained sandstone, 

greenish-gray, weathers red and forms a slope. 
To the south this unit is cut out by channel sand-
stone of the above unit. . . . • . . . 30 

25. Sandstone, reddish-stained, and interbedded 
thin reddish shale. Sandstone is fine- to 
medium-grained and contains a few small 
pebbles. Sandstone beds are 5-12 feet thick 
and form retreating ledges separated by notches 
weathered in shale. Bedding is irregular and 
the sandstones are channel bedded. • . . 85 

T,,tal thickness of preserved lower part of 
Llaves member. . . • . • • • . . 695.5 
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Locality 4 - Continued 

San Jose formation - Continued 

Cuba Mesa member: 
24. Sandstone, buff, medium- to coarse -grained, 

. arkosic; contains lenses of pebbles and, near 
the top, scattered cobbles. Forms a strong 

Thickness 
(feet) 

cliff. 04 
23. Shale, silts ton e, claystone. and v\- ....- y ii " e 

grained sandstone, reddish-a nd g1'een i • h os ra 
Forms a slope. 

22. Sandstone, gr!ly to reddish-purple, rnedi ·Hn - tu 
• very coarse grained, arkosic. Contains targe 

pebbles and small cobbles which are mostly 
quartzite. Some pebbles are feldspar, and 
volcanic rocks. Channel cross bedded. Forms 
a rna s sive cliff. 

21. Covered. 
20. Shale, silty clay, dark-gray. slope -forming. 
19. Sandstone, gray to light purplish-gray, very 

coarse grained; contains pebbles and is cross 
bedded. Forms a rounded ledge. 

18. Sandstone, olive -gray, fine- to rnedium-grained, 
slope -forming. 

17. Sandstone, buff, arkosic . 
16. Shale, clay, gray. 
15. Sandstone, olive-green, shaly; forms poorly exposed 

39 
10 
25 

40 

3.5 
2 
4 

slope. 7 
14. Shale, clay, siltstone; and sandstone, green to 

pale-purplish. Forms a soft slope. 19 
13. Sandstone, buff to greenish-gray, thin- to shaly-

bedded; forms a soft slope. 7 
12. Sandstone, buff; forms soft, retreating ledges. 8 
11. Sandstone, medium-grained; forms a small ledge. 3 
10. Shale, silty, argillaceous, sandy, greenish-gray; 

forms a slope. • 9 
9. Sandstone, yellowish-gray, fine- to very coarse 

grained, arkosic; contains pebbles of quartz, 
quartzite, feldspar, and volcanic rock. Forms 
a ledge. 18 

8. Sandstone, yellow-gray, fine- to very coarse grained, 
arkosic; contains lenses of granules and small peb­
bles. Channel cross bedded. Forms a massive 
ledge. 

Total thickness of Cuba Mesa member. 
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Locality 4 - Continued Thidmt:sa 
(feet) 

Nacimiento formation (in part): 
7. Sandatone, yellow to buff, fine-grained, 

argillaceous; forma a notch. . . • . 8 
6. Shale, siltstone and clay, gray; slope-forming 12 
5. Sandstone, olive -green, fine -grained, soft; 

shaly-bedded. . . . . • . . . . . • . • . . 7 
4. Sandstone, similar to unit 2. Base of unit is a 

small ledge, upper part is a soft slope. • . 15 
3. Shal~, sandy clay, olive -green; slope-forming . . 18 

· 2. Sandstone, olive -areen, fine -grained; forms a 
small ledge and 1rades into o.rerlying unit. 9 

1. Sandstone, yellowish-gray, medillm- to very 
coarse grained; contains lenses of pebbles, 
and lenses of gray clay shale. Irregular 
cross bedding. Forms a ledge. • . • • . 40 

Locality 5. Sectio:1 measured on a ridge on the northern side 
of Canyoncito de las Yeguas eaat of Pasture Canyon, from the SW 1/4 
sec. 4, T. 25 N., R. 1 W. to the center of sec. 33, T. 26 N., R. 1 W. 

Top Thickness 
(feet) 

San Jose formation: 

Llaves member (type section of upper part): 
Sandatone, buff, gray, brown, and red, fine- to 

very coarse arained, arkosic, conglomeratic; 
contains beds of red and gray silty clay shale, but 
is mostly andstone. Lowest part of the unit is buff, 
massive, ledae -forming sar.o.dstone containing some 
shale, and about 120 !eet thick. Above this is red 
shale with thin ~-:~tt!rbeds of sar~dsto:::e about 70 feet 
thick and mapped as a tongue of the Tadpitos mem­
ber. Above th:s is brown and red, thin- to thick­
bedded, ledge-formins sandstone with thin interbeds of 
red shale. The upper part of the unit contains several 
thick beds of shaly, soft, red sandstone. . . . 450+ 

The lower part of the basal sandstone of this unit probably is 
nearly equivalent to units 49-50 of the Llaves member at locality 4. 
West of locality 5 near the Continental Divide are more sandatone and 
shale beds of the Llaves member. These highest beds of the member 
are estimated to be about 150 feet thick. 
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Locality 6. Stratigraphic section modifJ~ d 'J litt :th f• •m 1 'e 
section measured by Simpson (1948, p. 370-37lj near the head of 
north branch of Oso Canyon. F'igure 3 of Simpt~On ( 194 d) bhr,w s U•i;, 
section (no. 1) measured east of the Wayne Hatley ranch. The locality 
appears to be in sec. 30, T. 25 N., R. 1 W. The ro<;ks were con­
sidered to be characteristic of the "Largo facies" by Simpson. 

Top Thickness 
(feet) 

San Jose formation: 

Tapicitos member, lower part (typical exposures): 
· 13. Sandstone, buff, massive in appearance but cross 

bedded, hard, bench-forming. Top eroded. On 
an adjacent peak about 50 feet more of similar 
beds are present. These highest beds probably 
are nearly equivalent to the tongue of the Llaves 
member near the middle of the Tapicitos member 
along State Highway 95 in sec. 2, T. 25 N., 
R. 2 W. . . • . • • • 

12. Clay, banded, red. . . . . . . 
11 . Sandstone, like unit 13. . . . . 
10. Clay and sandy clay, bright-red, in regularly 

alternating beds. . . . . . . . • . . . . 
9. Sandstone, local lens wedging out in a few feet 

late rally. . . . . . . . . . . • • . 
8. Clay, red, massive but slightly banded. . . . 
7. Sandstone, soft; wedges out laterally ..•... 
6. Clay, red, banded, with buff sandstone lenses 

in the upper part. . 
5. Sandstone, light-gray, hard, cross-bedded; 

per sis tent. . . . . . . . 
4. Clay, red, ba~ded; bluish- or greenish-gray spots 

and lenses. Reddish siltstone and very fine 
grained sandstone interbedded. American Museum 
of Natural History fossil mammal quarry, locality 
150, is 13.5 feet above base of this unit ... 

3. Sandstone, white; soft except for occasional plates 
weathering hard and brown ..... . 

2. Clay, variegated; mottled purplish and yellow .. 
1. Clay, red. . . . . . . . . . . . . . . . • . 

Total thickness of Tapicitos member preserved 
at this locality. . . . . . . 

15 
15 
15 

40 

2 
15 

5 

80 

12 

34.5 

0. 5 
12 

5 

251 

Base of hill; lower beds covered by s1opewash. Unit 1 is about 
25-50 feet above the base of the Tapicitos member and the top of the 
persistent medial sandstone of the L1aves member. 
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