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THE PENNSYLVANIAN OF TEE SAN JUAN BASIN. 

INTRODUCTION. 

NATURE AND SCOPE OF THE PAPER. 

Du:ring the summer of 1920 the writer accompanied 

Dr. R. C. Moore, head of the department of Geology of the 

University of Kansas, on a geologic expedition into the 

San Juan region. The investigation extended over a much 

larger area than is discussed in this paper, and was 

almost entirely of a reconnaissance nature. As the 

purpose 0£ the work made it ne,cessary to visit practically 

all of the Carboniferous outcrops on the western slope of 

the Rocky Mountains in the states of Colorado, eastern 

Utah and northern New Mexico, it is plain that the 

information could only be gathered in a hurried and 

fragmentary manner. Even with the much smaller area 

under discussion, the writer has found a broad, entangled 

problem, which has proved, however, to be exceedingly 

interesting. 

Several localities adjoining the San Juan basin were 

visited, an.d the exposed sections of the Pennsylvanian 

rocks were studied. Stratigraphic sections were measured, 

and wherever possible, a collection of fossils was made. 

It is the primary object of this paper to set forth as 

clearly as possible the conditions as they were noted in 

the field, and the relationship of these rocks to those of 

(1) 
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the same age in other and better known localities. It 

must be.· clearly understood at the outset, however, that 

this paper does not attempt a discussion of all of the 

outcrops of the Pennsylvanian rocks found on the borders 

or adjacent to the San Juan basin. Such a work would 

involve a much broader study, and is beyond the scope 

of this paper. 

The literature dealing with this subject has been 

carefully studied by the writer. Much literature of · 

greater or less value has been written on certain parts 

of the area, and it is· not the desire of the writer to 

repeat any data already reported on by other writers, 

except as they may differ, or in case the work may have 

a direct bearing on the discussi.on of another area. 

BIBLIOGRAPHY. 

At the close of this paper will be found a 

bibliography of the literature which is directly 

connected with this question. Many articles that 

might have been included, .were excluded, as they had 

no exact bearing or added nothing of value to the 

investigation • . In order to determine the value of 

these articles it was necessary to read each one, and 

in a great many cases, to make a careful review of it~ 

The original sources of almost all of the references 

were accessible to the writer. 
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investigations, an·d their excellent and thorough 

reports. 

GEOGRAPHY. 

DEFINITION AND LOCATION OF AREA. 

The San Juan River rises in the San Juan 

Mountains of southwestern Colorado, the small streams 

at the head flowing westward for a short dist snce 

before turning to the south. (See Pl.I) The stream~. 

flova a short distance through Colorado before 

entering New Mexico, through which it continues for 

about 100 miles, then crosses the southwest corner of 

Color~do, and flows westward through Utah to its 

junction with the Colorado, approximately 45 miles 

northeast of the point at which the Colorado crosses 

the Utah-Arizona state line. 

The San Juan River and its tributaries drain 

practicaJ.ly all of the southwestern corner o:f Colorado, 

except a portion which is a part of the Dolores basin; 

the northwestern part of New Mexico, composed of all 

of San Juan, western Rio Arriba and northern McKinley 

counties; the northern halves of Apache and Navajo 

counties of northeastern Arizona; and the southern 

part of San Juan county, Utah. Roughly speaking, 

the San Juan drainage basin, and including a small 

portion of the Dolores basin, lies in a circle whose 
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center is the point at whiah the four state boundaries 

meet, and whose radius is 100 miles. With this 

drainage area, the San Juan River becomes one of the 

principal tributaries of the Colorado River. The 

·drainage area of the former comprises approximately 

28,500 square miles. ·It's principal tributaries that 

enter from the north according to length and amount of 
1 

water flow as gaged by the U.S. Geological Survey, are 

Navajo, Piedra, Los Pinos, Florida, Animas, La Plata, . 

and Mancos Rivers, McElmo, Montezwna, Hallett, Butler, 

Wash, and Comb Wash Creeks. Of these the Animas is 

the most important. The tributaries that enter from 

the south, of which the Chaco River is the most, 

import~t, are intermittent stre.ams, subject to sudden 

floods during violeµt rainstorms. These streams have 

their source of supply among the arid·mesas and arroyos 

that are so typical of the New Mexican area, and 

flowing water is visible only during times of heavy 

downpours. The water rapid;(ly runs off of the mesas 

and slopes, and·it is a common sight fallowing a 

violent storm, to see a 'dry' arroyo fill up with 15 

1 
Fellows, A.L.; Water resources of the State of Colorado: 
U.S.Geol.Survey Water Supply Paper 74,p.lll, 1902. 

LaRue,E.C., The Colorado River and its utilixation: U.S. 
Geol. Survey Water Supply Paper 395, p.93, 1916. 
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or 20 feet of water in almost as many minutes. The 

streams to the north, which rise in the mountains of 

Colorado, and even though they are also sometimes 

subject to rapid rise, are perennial in their flow, 

and carry beautiful, clear sparkling water that is 

purified by continued dashing along the boulder 

strewn river bed. Thus the waters of the San Juan 

River are principally from the mountain streams. 

Within this drainage basin is located a 

structural basin that is known as the San Juan Basin, 

lying almost entirely within the borders of New MeJ.tioo, 

but extending for a short distance into Colorado and 

Utah. The basin, which is like a!l:" :i-meex ied saucer, 

is bounded by meridians 10? and 109 and paraliels 36 

and 3? 30'. Practically all of the streams of this 

basin flow into the San Juan River, the most notable 

exception being the Rio Pueroo which drains the west 

slope of the Naoimiento Mountains and flows south 

to the Rio Grande •. 

The Pennsylvanian rooks outcrop irregularly 

around the borders of this structural basin, and on 

the slopes of the mountain ranges to the north and 

east. The measured and studies sections lie in 

these general localities. Successively younger 

formations outcrop to the center of the basin, and 



P ~TE II. 

THE N V JO TlINS. 
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erosional feautures of 
The Colorado Pl'ateau. 
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no Pennsylvanian outcrops are known. To the west of 

the basin and along the San Juan River, different 

·folds bring the older rocks to the surfac·e, and it is 

in one of these folds that the classic Honaker Trail 

section is found. 

PHYSIOGRAPHY. 

The San Juan Basin is a part of the Colorado 

Plateau province, a region of folded and faulted 

sedimentary rocks, traversed by innumerable canyons. 

Parts of the area are so intricately dissected by 

interlaced gorges that the original surface of the 

plateau appears to have been destroyed, and is now 

represented by a bewildering arr_ay of scattered 

mesas, buttes, isolated ridges, and towering spires, 

among which dwindling streams follow tortuous paths. 

Plate II showing the Navajo Twins and erosion of the 

Mancos shale gives excellent examples of some of 

these types. 

Entirely different types of physiographic features 

are found bordering the basin. On the north and 

northeast are·the La Plata and San Juan Mountains, 

while the Nacimiento Mountains lie to the east of the 

basin. To the west, the Carrizo and Chuska Mountains 

bound the basin. In these areas, particularly in the 



.PLA.TE III. 

Erosion of the M ncos Shale 
which is typical in tne 
Colorado Plateau country. 
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San Juan and La Plata Mountains, the features are of 
1 

different types. Howe describes the San Juan Mountains 

as being a dissected and glaciated plateau of more or 

less horizontally bedded volcanic rocks resting upon 

a foundation of sedimentary rocks whose structure is 

complex. Around the border of the mountains the 

inclined sedimentary rocks appear, and the conditions 

are those of a warped and dissected peneplain, whose 

drainage is independent of the rock structures, except 

in a few minor localities. The Needle Mountains in 

the south central part of· the San Juan Mountain region, 

represent the exposed and dissected core of the San 

Ju.an dome. The region as a whole is still in the 

early stage of its maturity, cer~ain parts having 

advanced farther in the cycle than others on account 

of the character of the rocks of which they are 

composed. 

Practiaally every formation has its characteristic 

topographic expression due to its physical peculiarities. 

Notable examples of this feature are the cliff-making 

qualities of the upper parts of the Ouray limestone 

and the Hermosa formations in the Animas Valley, whereas 

the lower Hermosa and Molas formations, being of a soft, 

1 
Howe, Ernest; Landslides in the San Juan Mountains, 
Colorado: U.S.Geol. Survey, Prof. Paper 67, p.11,1909. 
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friable na. ture, occur as slopes. But the same 

features are not al ways characterist ~c of the same 

formations, due to changes in the physical properties 

of the rouks, as for example, the Hermosa, Rico and 

Cutler formations may form abrupt cliffs as at Ouray, 

and elsewhere, as ne~ Rico, they may form smooth 

slopes with occasional outcropping ledges of harder 

rocks. 

PREVIOUS WORK. 

The Colorado Plateau, of which the San Juan basin 

is a part, has peen the happy hunting ground of 

geologists since the middle of the nineteenth century. 

The wonderful opportunities of studying enormous 

thicknesses of strata in the thousands of miles of 

canyons, were early recognized, and the earliest of 

the Government Surveys spent much time in this new 

and vast territory. The various Pacific railroad 

surveys orossed the plateau country at one place or 

another. These surveys were primarily for the 

purpose of establishing wagon roads and possible 

railroad routes to California. The importance of 

bringing this state closer to the east was rapidily 

becoming obvious. Interest was also aroused by the 

creation of the Territories of Uew Mexico and Arizona 
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by Congressional enactment in 1850 and 1863 
respectively. 

~ geologist accompanied each of these early 
expeditions, and it is from their reports that we find 
the first descriptions of the geology of the area. In 
many cases these descriptions are very meager, and 
contain little of scientific value, but one cannot 
help but marvel at the accuracy of . some of the results 
when the difficulties encountered were so numerous, 
and knowledge of the country was possessed by the 
hostile Indians. 

In 1853, Whipple's expedition passed along the 
present line of the Santa Fe Railway, and the 

1 
de script ion by Marcou consti tute.s the first geologic 
report of any region closely adjacent to the San 
Juan Basin. 

During 1859 Newberry served as the geologist to 
the Macomb2 expedition from Santa Fe New Mexico to the 
junction of the Grand and Green Rivers in Utah. On 

1Marcou,Jules, Resume of a geological reconnaissance extending from Napoleon, at the junction of the Arkansas with the Mississippi, to the Pueblo de los Angeles in California in 1853, U.S.Pacifio. RR. Exploration,Vol.3, part 4, pp. 165-171. 
2Newberry,J.S. Geological report of exploring expedition from Santa Fe, N.M., to the junction of the Grand and Green Rivers of the great Colorado of the West, in 1859, under command of Capt. J.N.Mac9mb,pp.53-101, 1876. 
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their outward journey they travelled up the Chama 

River almost to the present site of Tierra Amarilla, 

and then northwest across the divide that separates 

the waters of the San Juan from those of the Rio 

Grande. They entered Colorado near where the village 

of Edith now stands, and still travelling northwest 

for a short distance came upon the San Juan River. 

They followed this stream northward for about 20 

miles, where they beheld the springs at Pagosa. Of 

these springs Newberry said:l 

"In the upper part of this valley is the 
:Pagosa, one of the most remarkable hot 
springs on the continent, well known, even 
famous, among the Indian tribes, but, up to 
the time of our visit never being seen by the 
whites. It can hardly be doubted that in 
future years it will become a celebrated 
place of resort ••••• There 'is . scarvely a more 
beautiful place · on the face of the ea~th." 

The writer can, at least partially, appreciate 

Newberry's feeling at the time he made the above 

prophecy, for after two weeks of dirty work in 

New Mexico he enjoyed a bath, as no doubt did 

Newberry, in these now famous waters. 

From the Pagosa, Newberry traversed the now 

popular route to Dolores. He crossed the Animas above 

Durango, traveled north of the Mesa Verde, thence into 

1Newberry, J.S. op. cit. p.74. 
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the Dolores valley. They continued northwest, through 

the territory south of the La Sal Mountains, arriving 

at a point about 6 miles north of the junction of the 

Green and Grand Rivers. In this locality Newberry 

measured sections of the c·arboniferous and overlying 

formations and made collections of fossils. 

On his return trip he found the San Juan River 

near the present site of Bluff, Utah, and proceeded 

up this river some distance above Farmington before 

turning southeast to skirt the western and southern 

flanks of the Nacimiento Mountains. He had crossed 

the heart of the San Juan Basin, but contributed 

nothing to the study of the Pennsylvanian rocks in 

that region. 

The HS¥den snd Wheeler Surveys covered a wide 

amount of territory in this region by reconnaissance 

work following the· Civil War. They added 

considerably to the knowledge of the San Juan Basin, 

especially to that part in Colorado and Utah, but 

under the conditions imposed upon work of that nature, 

the results were not entirely satisfactory from a 

geological viewpoint. The work done by these Surveys, 
e-

ho~er, between 1872 and 1876 is probably the most 

valuable of the early investigations of the area 

under discussion. 
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White's description of the Carboniferous 

invertebrates1 is the first of that nature to cover 

a large and fairly complete collection from a few 

localities in this region. Some articles appeared 

in the journai·s during the following years, but 

nothing· of great importance concerning the 

Pennsylvanian rocks of the San Juan Basin until 

1899 and 1900. From that time until the present, 

every year has brought forth the results of 

investigations that have been carried on in this 

area. 

The present United Stat es Geological Survey has 

done much work of considerable value on the 

Pennsylvanian rocks (as well as on the entire 

stratigraphy) of this region. Particularly in 

Colorado in the region immediately adjacent to the 

basin area, and to the north, has the Survey' s work 

been of a detailed and valuable nature. The La Plata, 

Rico, Silverton, Needle Mountains, .Ouray, and Engineer 

Mountain quadrangles in Colorado have all been mapped 

in detail, and have a ·close relationship to the problems 

1White,C.A. Report on the invertebrate fossils collected 
in portions of Nevada, Utah,· Colorado, Uew Mexico and 
Arizona by expedition parties: U.S. Geol. & Geog. Survey 
west of the lOOth meridian, Vol. 4. part 1, pp.3-219,1877. 
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involved in this paper. It' is ·in the region covered 

by the above named quadrangles that some of the best 

exposures of the Pennsylvanian rocks and the type 

localities of the various formations are found. 

Practically nothing of value has been published 

concerning that part of the basin that extends into 

New Mexico. Utah, however, has fared much better, as 

it has been included in the work on the Grand Canyon 

and north along the Colorado River. 

Numerous writers, including those who have made 

the studies fDr the Government, have published 

articles covering loca1 facts. Much valuable work 

has been contributed regarding. the ad·gacent areas. 

Wherever the occasion demands, these articles will 

be discussed in this paper. ,-Girty1 in his discussion 

of the Carboniferous faunas and formations of Colorado·, 

made a large contribution to the knowledge of the 

geology of the area. 

1 
Girty, G. H. Carboniferous formations and faunas 
of Colorado: U. S • Geo 1. Survey Pr of • Paper 16 ,, 19 03. 



THE PENNSYLVANIAN SYSTEM. 

HITRODUCT!Olf. 

The San Juan district has become the standard 

section of reference for the Rocky Mountain 

Carboniferous group, of which the Pennsylvanian is 

the principal system. The Pennsylvanian rocks of-

southwestern Colorado have been traced and correlated 

with other occurrences of the Pennsylvanian in Utah 

and New Mexico. (See Plate IY~: .) 

DISTRIBUTION. 

The total area covered by the outcrops of the 

Pennsylvanian rocks in southwestern Colorado is 

comparatively small. Due to the presence of a thick 

series of younger sediments, the Pennsylvanian series 

outcrops only where folds or faults bring the~ to the 

surface, or in a few cases, where the streams have 

carved deep canyons into the sediments and laid bare 

the older rocks. The uplift and folding that formed 

the San Juan Mountains has raised the Pennsylvanian 

rocks high above their normal position, and the 

outcrop of these rocks on the flanks of the mountains 

cover a large area. On the southern:~ and western 

slopes of the San Juan Mountains, these rocks may be 

traced more or less continuously, occasionally being 

(15) 
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covered by younger rooks in local depressions., Good 

exposures were studied at the following loo_alities in the 

San Juan region of Colorado. 

In the Rico quadrangle. Especially on Sandstone 

Mountain, about two miles above Rioo, along the East . 

Dolores River. Also, the type section of the Rioo 

formation is just about three miles below the town 

of Rioo on the same river. In this region many of 

the outcrops are covered by recent landslides. 

The Engineer Mountain area. Between Lime and 

Cascade Creeks, which are tributaries to Las Animas 

River, in the northeast part of the Engineer Mountain 

quadrangle. The Pe~sylvanian beds of this area may· 

be traced oontinuouslY, to the south along the west 
l 

side of the Animas o~riyon, to . within 10 miles of 
' / 

Durango, where they" dip beneath the younger rocks. 
! 
' They may a_lso be traced to the southeast and southwest 

___ .. --

of Engineer Mountain, through Hennosa Park and along 

Hermosa Creek. The type section of the Hermosa 

formation, the principal group of the Pennsylvanian 

series, is found in this locality. 

The Rio Piedra area. Along the upper Piedra 

River, near the mou~h of . Sand Creek, approximately 25 

miles in a straight line northwest of Pagosa Springs 

and about 16 miles north of the village of Piedra. This 
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outcrop is not shown on any geologic map, but the 

section has been briefly described by Cross and 

Larsen1 • The lower pa.rt of the Pennsylvanian is 

present here, but the upper part has been beveled 

off by post-Pennsylvanian and pre-La Plata folding 

and erosion. No Pennsylvanian sections or outcrops 

are known on the south side of the San Juan Mountains 

east of this locality. 2 

The outer rim of the San Juan Basin swings to 

the southwest, and Tertiary volcanics overlap the 

Mesozoic formations so that the Pennsylvanian rocks 

are deeply buried. It is quite probable that more 

careful and detailed investigation will reveal some 

outcrops of the older rocks in this area. Swinging 

south into New Mexico, the ba~in rim is bordered on 

the east by the Nacimiento Mountains. Here the 

Pennsylvanian rocks are upturned along the flanks of 

the range, but in most cases are too poorly exposed 

to measure a section. Two days were spent on the 

northern flanks of this range in the vicinity of San 

1cross, Whitman, and Larsen, E.S. Contributions to 
the stratigraphy of southwestern Colorado: U.S.Geol. 
Survey Prof. Paper 90, pp. 39-50, ·1915. 

2cross and Larsen, loc • . cit~ p. 39. 
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Pedro Peak, south -of Gallina, New Mexico, but 

exposures.sufficient to measure a satisfactory section 

were lacking. The few fossils collected from the 

scattered outcrops were clearly of Pennsylvanian age. 

Farther south in the vicinity of Naoimiento Peak, and 

northeast of Cuba, New Mexico, it was not difficult to 

identify the central core of the uplift as being of 

Pre-Cambrian granite ,and the writer is of the opinion 

that careful and diligent work will reveal the presence 

of older Paleozoios, such as have not yet been described · 

from this area. 

Following the west side of the uplift and around 

the southern end where the Mesozoic strata . appear to 

overlap the Paleozoics, the Pennsylvanian is found 

on the east side in the canyon of the Rio Guadalupe, 

above its junction with Jemez Creek. A section was 

measured at a point about 8 miles above the junction 

of the Guadalupe and the ·Jemez Rivers, and about 

four and a half miles north 50 degrees east of Jemez 

Peak. The exposures at this place are good. The 

Pennsylvanian group is widely distributed along the 

Guadalupe and Jemez Rivers. 

-.The Pennsylvanian . of New Mexico has quite antit. 

extended distribution, being found in a great many : 

widely separated localities. Whether or not all of 
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these beds are equivalent has been the subject of 

much discussion, of which little has been based on 

the area above mentioned~ The Pennsylvanian rooks 

around the Naoimiento Mountains are isolated fromm 

all other exposures of rooks of the same age in New 

Mexico, and probably the closest exposures are those 

found in the Sandia Mountains near Albuquerque. 

In southeastern Utah the Pennsylvanian beds are 

exposed along the San Juan River in the vicinity of 

Goodridge. Butler1 on his geologic map of Utah, shows 

the C~boniferous (undifferentiated) outcropping 

throughout an area 40 to 60 miles wide, and north 

from the Arizona border to just above the junction of 

·the Green and the Grand Rivers, thence along the Grand 

River in a narrow zone, widening in the vicinity of 

Moab and Salt Creek, to the mouth of the Dolores River. 

The Carboniferous is also widely exposed in the west 

and central parts of Utah. The Pennsylvanian forms 

a considerable portion of the Carboniferous group, but 

is largely covered by the Permian series in this area. 

The long fold that has brought the Carboniferous 

formations to the surface is quite evident, and is 

clearly marked on the east by the Comb Ridge. The dip 

1Butler, B.S. et al. The ore deposits of Utah: U .s:. 
Geol. Survey Prof. Paper 111, plate IV. 
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is less severe on the west, and the younger 

formations make little change in the topograph~. In 
? the San Juan valley, Pennsylvanian·strata form the 

surface of two uplifts, separated by one and a half 

miles of younger beds. 

In conclusion it may be stated that probably 

strata of Pennsylvanian age underlie the entire San 

Juan Basin, and the adjoining territory to the west, 

north and east; that because of their deep burial by 

Mesozoic formations, and in the basin area also by 

the Tertiary, they are exposed only at the summits 

of eroded folds, as upturned beds along the flanks, 

or in the bottoms of profound canyons. 

GENERAL CHARACTERS. 

It is difficult to describe the Pennsylvanian 

rocks in a general manner for such widely separated 

areas, for they vary considerably within short 

distances. 

In the San Juan area of Colorado the outstanding 

feature of the Pennsylvanian series is · the predominance 

of ola.st ic material, the percentage of limestone rarely 
-

exceeding 25 or 30 percent of the total thickness. The 

series is one of altermating shales and sandstones with 

some limestones, with thick beds of arkosic and in some 
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parts conglomeratic $aterial. Correlation of 

individual beds is impossible because of lateral 

variation, both in thickness and lithologic characters. 

The upper beds, or Rico formation, differ radically 

from the lower or Hermosa group, the former being a 

series of red to chocolate colored snadstone and 

sandy shale , with sandy fossiliferous lime stones. 

The Rico resembles the overlying Permian (?) Cutler 

formation more than it does the underlying Hermosa. 

The section of Pennsylvanian red beds seems to thin 

or disappear towards new Mexico and Utah. The 

proportion of limestone however, increases to the 

south and west. 

The_ Pennsylvanian beds are fossiliferous 

wherever found, some portions ·being extremely so. The 

lower shales and thin friable sandstones are rarely 

found exposed, but are generally covered in a gentle 

slope at the base of cliffs which are more or less 

prominent and characteristic of the upper beds of the 

system. This feature varies however, with the change 

in the thickness and quantitative distribution of the 

sediments. 

The thickness of the Pennsylvanian series al·so 

varies to a marked degree. It has been found to range 

from one thousand to twenty four hundred feet. 



(22) 

TABLE I. Generalized s·ection of the Pennsylvaniai1 rocks. 
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ChorQcter o.f ]3e.d.s. 

Largely made up of limestone and cross-
bedded conglomerate containing fresh 
feldspar. Interbedded with shale and 
sandy fossiliferous limestone. All beds 
are calcareous, many impure limestones. 
Color a chocolate and dark maroon. Top 
marked by a very fossiliferous limestone. 
Green micaceous shale at base. Thickness 
usually under 300 feet •. 

A succession of alternating limestones, 
shales and grits, with· conglomerates 
in some places. Presence of thick beds 
of arkose with he~vy limestones above 
and below is a peculiar feature. Each 
kind of rock occurs in massive and 
homogeneous beds, sometimes up to 50 
feet in thickness. Some dark calcareous 
shales, some sandy, colors usually brown, 
gray and green. Limestones almost all 
blue-gray and dense. Sandstones are : 
green, gray, brown and pink. No red beds 
are present. Thickness normally about 1800 
feet. Co).{f ormable beneath with Ivfolas and 
above with Rico. Base a prominent massive 
limestone or sandstone up to 15 feet thick, -
usually dark colored by underlying Molas • 
Top is marked by the appear,i(nce of the 
Rico fauna. 

A thin series of red, calcareous shales 
and sandstones, with some lenses of chert 
conglomerate and thin layers of reddish 
fossiliferous limestone, Beds are soft and 
friable and rarely exposed. Red color marks 
contact with Hermosa. Rests unconformably 
on Our~y limestone with a zone between of 
breccia of Ouray blocks in a matrix of red 
shale or sand of Mo las. 

Massive limestones. 
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In the San Juan area of southwestern Color a.do however, 

the beds are fairly constant in thickness, and the range 

would be from 2100 to 2400 feet. At a great many places 

it is impossible to secure a complete section, apd hence 

a total section cannot be measured. But it is evident 

that the system becomes much thinner to the south and 

west. It is probable that further work may reveal other 

formations and a greater tota1 thickness. 

SUBDIVISIONS. 

As the Pennsylvanian beds of the area under 

discussion were first studied in detail in southwest 

Colorado, it was in this area that they were subdivided 

and named. The group was carefully studied and well 

known before the divisions were made and type sections 

selected. The .boundaries are well . defined lithologically 

and paleontologically so that sections elsewhere mfW 

be correlated with some degree of accuracy. For these 
r · 

reasons the southwest Colorado section has been taken as 

the standard of reference, and it is the purpose of this 

paper to correlate all ofher Pennsylvanian fo;rmations 

of the San Juan Basin .with those of southwest Colorado. 

Three main divisions have been made of the 

Pennsylvanian system in this area. They are from the 

bottom up, Malas, Hermosa, and Rico. The Molas is 
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unconformable on the Ouray limestone of Mississip.pian 

and Devonian age, and is of little importance. It bas 
I 

been referred to the Pennsylvanian on faunal evidence 

and due to the presence of a marked unconformity at its 

base. Conf ormably overlying the Molas is the most 

important group of the Pennsylvanian system. These beds 

have been called the Hermosa formation because of their 

tJ:pical exposures along the creek of the same name in 

the Engineer Mountain quadrangle. Attempts have been 

made to divide the Hermosa formation into smaller 

groups or members, but a basis is not everywhere 

preseht. In the Rico quadrangle the · grouping of the 

beds is such that they could readily be divided into 

three members on lithologic characters alone. Elsewhere 
? 

this· not hold good and the divisions could not be f', 
recognized. Other than this, there seems to be no 

basis for division, except as Crossl states, that, 

locally at least, as in the Silverton quadrangle, the 

grouping of the fauna is suggestive of a three fold 

division. He finds that in the lower part of the 

Hermosa almost all of the fossil forms are brachiopods, 

while in the middle J>ortion a number of gasteropods are 

introduced, the number of brachiopods being about the 

1 Cross, Whitman and Howe, Ernest, Geology of the Silverton 
quadrangle: U.S.Geol. Atlas, foliol20, 1905. 
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same. In the upper division the nwnber of brachiopods 

is still about the same, but their proportion is 

greatly reduced by the increase in gastropods and the 

appearance of the pelecypods •. 

In the Rico quadrangle are found beds o_f a 

distinctive maroon or chocolate color, bearing· a fauna 

that was originally called Permian, but that is now 

considered to be of Pennsylvanian (?) age. These beds 

have been named the Rico formation because of their 

typical development near the town of Rico. This group 

is the upper division of the Pennsylvanian system, and 

is conformable with both the unaerlying and overlying 

beds. The development of the Rico group in the 

neighboring localities is uncertain, as it does not 

always seem to be present. in its typical form. 

DETAILED DISCUSSION. 

TEE SAN JUAN MOUNTAIN REGION. 

The Pennsylvanian rooks of this area have already 

been discussed to some extent, but only in a general 

manner. In this areo. Sr
1

e found the classic sections 

of all the formations of the Pennsylvanian system. Not 

only are the formations typically developed, but they 

are also well exposed and may be studied for some 
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distance in each direction. 

THE ENGINEER MOUNTAIN AND ANI11AS Vft..LLEY SECTION. 

LOCATION. 

Engineer Mountain is loaated in the northeast 

corner of the quadrangle o:f the same name. Durango 

lies about 35 miles south, Silverton about 12 miles 

northeast, and Rico 13 miles directly west. It is 

one of the peaks o.f a group forming the southern 

and western ext~nsion of the San Juan Mountains that 

lie to the west ·of the Ueedle Mountain group. Cascade 

Creek flows on the west, and Lime Creek on the east 

and south sides of the mountain. The old Durango-

Sil verton road passes the base of the mountain. 

SEOTIOl~. 

·The upper part .of :kkm: Engineer Mountain is a 

peak of bare rock rising about 1200 feet above a 

bench of Permian and Pennsylvanian sediments on its 

eastern side. On the north, west and south the 

platform or bench is not pronounced, but wooded, 

gentle slopes rise to a sharply defined junction with 

the upper cliffs. The peak is a ridge about one half 

mile w~de, with a very narrow crest marked by two 

:prominent summits. The mountain owes its existence as 
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such to a large intrusive sheet of trachyte which has 

resisted denudation more effectively than the softer· 

sediments. 

The steep. east facing scarp, is formed by the 

massive beds of the Hermosa · forma.tion. At this point 

the beds are dipping about 10 degrees northwest, but 

to the south the dip is reversed, and for a long 

distance the beds are nearly horizontal, with a slight 

dip to the west. The Hermosa Cliffs on the west side 

of the Animas River are formed by the erosion of the 

Hermosa beds along their strike. The formation may 

be followed from Engineer Mountain around the base 

~ 

for a few miles westward, and then south alo~the above 

mentioned cliffs to within 10 miles .of Durango, where 

the south dip is greatly increased and the overlying 

formations are developed • . A complete section of the 

Pennsylvanian rocks outcrops ·on Engineer Mountain 

and in the locality to the south. The exposures of 

the lower beds are very poor however, _and do not make 

prominent ledges. Just below the new Durango-Silverton 

road, at the point where it crosses Cascade Creek, a 

good exposure of the upper Ouray limestone is found. 
Above this, buried in a covered slope, lies the Molas 

formation. The Ouray limestone is also exppsed in the 

vicinity of Ignacio reservoir. 
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The Rico formation overlying the Hermosa, is 

exposed near the top of Engineer Mountain, beneath 

the Tertiary trachyte intrusiv.e .• 

DESCRIPTION OF TEE F01Th1A.TIONS. 

THE MOLAS FORMATION. 

DERIVATION OF NAME. 

Although Spencer1 as early as 1900, recognized 

beds carrying characteristic Pennsylvanian types 

within 100 feet of the Ouray Limestone and in the 

lower part of the Hermosa, as he describe.d it, it 

was not until 1905 that Cross2 distinguished these 

beds as.a cartographic unit. Because of their 

typical development and good exposure along Molas 

Lalre in the extreme northern part of the Nee.dle 

Mountains quadrangle, he gave the beds the name of 

that lake. 

1 Cross, Whitman, and Spencer, A.O. Geology of the 
Rico Mountains~ U.S. Geol. Survey Twenty-first Annual 

· Rept., part 2, pp. 47-48, 1900. 

2cross, Whitman, and Howe, Ernest, Geology of the 
Silverton quadrangle: U.S. Geol. Survey Geol. Atlas, 
folio 120, 1905. 
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DEFINITION OF BEDS. 

Cross1 defines the Molas as a thin series of 

red, calcareous shales and sandstones with some 
. f~- ¥1 1'\ . lenses of che_rty oongl omerate, and af1(9ccasional.1;1 

thin bed.5 of fossiliferous limestone. The beds are 

soft and friable, and are rarely found in good 

exposures. The gently sloping bench between the 

Hermosa Cliffs and the west bank of Las Animas 

River is covered by. the soft beds of the Molas 

. formation. It is only found in outcrop where 

conditions are favorable to remove the debris as 

rapid~ly as it collects. 

The thickness of the formation is usually given 

as ranging from 75 to 100 feet, but it may vary even 

more, as the writer found at · Ouray where he measured 

a section of approximately 65 feet. This. variati'on is 

entirely possible because of the marked unconformity 

at the base of the formation. 

LIMITS OF THE FORMATION. 
"" The base of the Molas formation is unconformable 

on the underlying beds. Wherever the Molas has been 

observed in the San Juan region it is found to rest 

almost universally on the Ouray limestone. The writer 

1 Cross, Whitman and Hole, A.D. U.S. Geol. Survey Geol. 
Atlas, Engineer Mountain folio (171) p.6, 1910. 



observed the contact of the Molas with the Ouray 
limestone at a point on the west bank of the 
Uncompahgre River at the tovm of Ouray. Beds number 

1 .and 2 represent the reworked portion of the Ouray 

limestone that are cemented by impure and sandy · 
red 1 imestone or muds of the Mo las. Bel ow these 
beds the surface of the Ouray was marked by deep 
solution crevices, some several feet deep. The 
red color of the Molas is due to the ferric 
~oxide (FeOH) that it had containe:d. In many _ 
places this coloring has spread into the underlying 
massive limestone beds. The contact of the upper 
beds of the Molas with the over lying Hermosa has 
been conformable wherever it. has been observed, but 
the transition is well marked by the extreme change 
in color, as well as by the bed of conglomerate that 
is distinctively different from the conglomerate 
beds of the Mo las. The massive character of the 
sandstone ' and limestone beds of the Hermosa is aJ.so 
a feature different from that found in the Molas. 
CHARACTER OF THE BEDS. 

A glance at the stratigraphic section of the 
. Malas formation clearly impresses the fa.ct that it is 
composed almost entirely of elastic materials. The 
little limestone that does occur in the section is 
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found at the base, and is very impure and sandy, with 

irregular fragments of the breccia type. 

Section of the Malas formation at Ouray, Colorado. 

Bed. 
Hermosa formation, apparently conformable. 

15 Shale. 6 

14 Conglomerate similar to lower beds. 2 6 

13, Shale, red, similar to No. 11. 2 0 

12 Conglomerate, similar to No. 4. 2 0 

11 Shale, brick red, more or less laminated 
bedding. Scattered small pebbles up to 
2 inches in diameter, generally however 
pebbles are smaller. 13 0 

10 Conglomerate, similar to lower beds of 
the same. 2 0 

9 Shale, similar to No. 5 and 7. 10 O 

8 Conglomerate, similar to No. 4 and 6. 2 O 

7 Shale, similar to bed.B No. 5. 3 O 

6 Conglomerate, similar to No. 4. 2 O 

5 Shale, brick red, mottled yellow and red 
in upper part, very indurated. Breaks in 
small irregular fragments. Not laminated. 
Contains scattered pebbles similar to those 
in conglomerate, locally abundant. 6 0 

4 Conglomerate, quartzitic, pebbles of flint, 
quartz, quartzite, calcite and limestone 
pebbles up to· 6 inches in diameter. 4 O 

3 Limestone, dark red and purplish, very fine 
grained, crystalline. Ferruginous, upper 
part mottled gray and red. 9 0 

I 

\ v 
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Bed. Ft. In. 

2 Limestone, mottled light purple and blue 
finely crystalline appearing sandy, 
irregularly bedded and sometimes massive. 9 0 

l Limestone, blue, porous. Irregular 
fragments cemented by red impure sandy 
limestone. Represents the reworking of 
upper part of the Ouray fornation. 2 0 

Unconformity. 
69 0 

The lower 20 feet of the Ouray section of the 

Molas formation is composed of thin bedded limestone, 

which in the upper part becomes very finely crystafline, 

and mottled gray, blue, purple and re.d. For 40 or 45 

feet above the limestones are alternating beds of 

conglomerate and shale, the former being in thin beds 

not exceeding 2 or three feet, and the latter in beds 

ranging up to 13 feet, the average thickness of the 

shale beds being greater than the conglomerate. The 

lower shale beds are not laminated, but very indurated 

and break in small irregular fragments. They have a 

characteristic brick red color and are in pa~t mottled 

yellow and gray. The shales al so contain numerous 

fairly large pebbles, identical ·to those found in the 

interbedded conglomerates. About 20 feet above this 

type of shale, another type is introduced which differs 

only in being more or less laminated, and the pebbles 

are smaller and more scattered, but are similar to 
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those found in the conglomerate. 

Interbedded with the shale series a.re found the 

thin beds of conglomerate of persistent characters. 
The conglomerate is usually. in single massive beds, 

but locally may contain very thin breaks containing 
shale. The conglomerate is composed almost entirely 
of pebbles of flint, quartzite, quartz and calcite up 
to 6 or 8 inches in diameter, whioh are _firmly cemented 
and indurated almost to quartzite. 

The 'section that has been given above is fairly-

charaoteristic of the Molas wherever found in the San 
Juan region, but some little variation has been found 
in other parts of the area •. Crossl makes the 
following remarks regarding the Molas formation as 

found on the south side of the San Juan Mountains. 

1 

"The best section of the formation thus far 
observed is situated on the southwest slope of 
the Needle Mountains, on the south side of Tank 
Creek. At that locality there is a continuous 
section, about 75 feet in thickness, representing 
the whole formation, as there :developed, between 
the Ouray limestone and the Hennosa complex. 
There is no distinct stratification in the section. 
At the baselis a zone of gradation into the Ouray 
limestone, ~or the upper zone of the latter is 
much broken up, with the red calcareous mud of 

Cross, Whitman, U.S. Geol. Survey Geol. Atlas, Needle 
Mountains folio (131), p. ,5, 1905. 
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the Molas filling the interstices. This 
relation of the formation is very common. ·For 
some feet above this transition zone there is a 
chaotic mixture of chert and limestone.fragments, 

.with not a few of bluish or white quartzite, 
but none of granite or schist. In all the lower 
part of the section much of the material is an 
impure limestone, reddish in.color, but with the 
saccharoidal texture of the Ouray. It is 
probably a calcareous sandstone. The matrix 
in which the fragments of chert, quartzite, 
and limestone are held is a red marl-like 
material. There are in places indications 
that a calcareous mud was broken up before 
consolidation and was worked over with the 
fragments of foreign rocks. From the base 

·upward the section becomes more and more sandy, 
but chert fragments were found almost up to the 
fossiliferous limestone of the Hermosa." 

Cross1 found the type section at Molas Lake 

to differ very little from the section described above, 

which in turn varies slightly from the section 

measured by the writer at Ouray. It is true that the 

thickness may vary locally due to the unconformity at 

the base, but on the face of the slight variation it 

seems advisable to use the Ouray section as the type 

for this paper. 

DISTRIBUTION • 

As has already been noted, Spencer2 described the 

presence of beds in the Rico quadrang:ie that have later 

been correlated as Mo las. Their presence in the Ouray, 

Cross, Whitman and Howe, Ernest, loc. cit. p 5. 

Cross, Whitman and Spencer, A.C. lac. cit. p.47. 
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Needle Mountains, Silverton and Engineer Mountain 

quadrangles has been made clear. Cross1 found the 

Molas along the Piedra River in the eastern part of 

the San Juan region in its typical and peculiar 

development, but slightly increased in thickness. 

Thus it seems safe to conclude from the persistent 

character of this formation, as it has been foU.nd 

out cropping on the north, west, south and southeast / 

slopes of the San Juan Mountains, that it once 

extended throughout the entire region. 

CORREJ.JATION. 

The Malas formation was first distinguished as 

a lithologic unit, because in certain peculiarities 

of its sediments it remorded important events of the 

preceding interval of erosion, including the almost 

total destruction of a Mississippian formation • . There 

have been observed a few faunal differences which 

separate the Malas from the Hermosa, but these are 

limited because of the meager faunal c9llection from 

the Malas. 

The six species, Archaeocidaris triplex, 

Rhombopora lepidodendroides, Rhipidomella pecosi. 

Spirifer boonensis (?), Composita subtilita and 

Cross, Vlhitman and Larsen,E.S. Loe. cit. p. 49. 
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Myalina perniformis-, as identified by Girty1 represent 

all of the known forms from the Molas formation~ Of 

the six species, all of which were obtained from the 

upper beds, three occur a'bundantly in the basal Hermosa, 

namely, the Rhombopora, Spirifer and Composita, the 

latter with the same varietal modifications and wit.h 

equal abundance as :found in the Mola.s. The writer is 

able to state that he has identified the Rhipidomella 

species from beds in New Mexico that he has correlated 

with the Hermosa. Thus the Molas fauna is seen to be 

·closely related to that of. the Hermosa., and-even though 

Girty 2 believes that some points of individuality 

distinguish the Molas :fauna from that of the Hermosa, 

it cannot be surmised what the final judgement will be 

when better and larger collections have been made from 

both formations. From the meager evidence at .hand, the 

writer is inclined to place the Molas as the basal 

portion of the Hermosa, representing the opening period 

of the long and continuous period of sedimentation in 

the San Juan region following the denudation of 

practically all of the Mississippian beds. On the other 

1Girty, G.H. loc. cit. p. 250 

2cross, Whitman, and Howe, Ernest, toe. cit. p.4,. 
quoting Girty, G.H. 
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hand, the suggestion received from the marked 

li thologic difference in the Molas and Hermosa 

formations, indiaating a change in conditions of 

sedimentation, possibly a slight uplift, manifest 

changes probably of a formational magnitude. 

Many of -the chert nodules found in the lower 

part of.the Molas formation contain a Mississippian 

invertebrate fauna. This however, does not aid in 

:placing the age of the beds, except merely as calling 

them post-Mississippian. The derivation of the chert 

fragments has alre~dy been discussed. 

The writer has not correlated any other beds in 

the San Juan Basin definitely with the Molas formation 

of the San Juan Mountain area and the Piedra River. 

Along the San Juan River in Utah it is not certain 

whether the lowest Pennsylvanian beds are exposed; 

and the lowest beds in New Mexico, which are in 

contact with the granite, are believed to be younger 

than the Molas, as will be discussed later. 

THE HERMOSA 1!10RMATI ON. 

I.NTRODUCTION. 

The writer spent a greater amount of time studying 

this formation than any other in the area. Undoubtedly, 

this is the most important group of Pennsylvanian beds 



(38) 

in the San Juan Basin. It has the greatest thickness 
of any of the formations, and is exceptionally variable 
throughout the area. It's type locality is in the San 

Juan Mountain region, and has been used as a standard 

in this paper for the entire Basin area. 
DERIVATION OF N.A1!E. 

After an extensive study of a thick heterogeneous 
group of rocks "occurring between the Devonian 

lime stone and the typical red beds, and sharply defined 
from each", Spencer1 in 1900, called them the Hermosa 
formation. The name was derived from Hermosa Creek1 
a large stream that rises in the northern part of the 

I Engineer Mountain quadrangle and flows south into the 
Durango quadrangle, thence southeast until it empties 
into Las Animas River at the town of Hermosa, about 
10 miles above Durango. There are good exposures of 
the Hennosa all along this creek and its tributaries, 

all but the very lowest portion being exposed. 
DEFINITION OF BEDS. 

The Hermosa is a aonfused mass of arkose, sandstone, 

shale, and -limestone. It is predominately a elastic 

series, and the arkosesand sandstones are often thiok 
and massive. The absence of red beds is also a 

1 Cross, Whitman and Spencer, A.O. loc. cit. p. 48 
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notable feature. The- sandstones ar·e especially 

variable, and the shales often become so sandy that 

it is difficult to differentiate the two. The 

limestones are singular in their almost persistent j p,,f,"r~~;z~1 'l 
c;,P'~A Ll{.,,~ blue-gray color, dense texture, and massive hedding r' 

throughout the section. Locally a number of sills 

of monzonite-porphory ·are found, which sometimes 

reach a thickness of 100 feet. 

The Hermosa 'formation is normally a cliff 

forming group. This feature is exceptionally well 

developed at the Hermosa Cliffs, and it is a 

coincidence that the beds which form the cliffs 

should be named ~he same, even though the formation 

name is derived elsewhere. For over 10 miles this 

cliff with its perpendicular wall, lines the west 

side of Las Animas valley. The east face of Engineer 

Mountain is also a typical Hermosa scarp, as is 

Sandstone Mountain in the Rico quadrangle. Locally, 

where the beds are not so massive, the barren cliffs 

are absent and steep covered slope:s are found. This 

is ol>ten the case where landslide have been effective, 

which is quite common in the San Juan region. 

The thickness of the Hermosa in this area is only 

slightly variable, ranging from 1800 to 2000 feet. 
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Spencerl gives ::the thickness of the Hennosa at Rioo, 

where it has about its normal development, as 1800 

feet. Elsewhere its thickness has been found tq reach 

almost 2000 feet. It is diffioult to measure a complete 

section that is continuous and be absolutely certain. 

It is usually necessary to measure several portions of 

the formation which either separated by faults or by 

covered portions, and the correlation of some of the 

thin variable beds is indeed perplexing. 

LIMITS OF THE FORMAT! ON. 

The original description of the Hermosa formation 

by Spencer2 included al 1 of the rocks between the 

Devonian limestone and the typical red beds. At this 

time the presence of a Mississippian fauna in the upper 

part of the Ouray limestone had not been discovered. 

Thus Spencer did not include any of the Mississippian 

beds in his original definition of the Hermosa, as he 

merely was mistaken in identifying the upper Ouray 

limestone as Devonian age. Cross3 is of the opinion 

that Spencer did not include the formation now known 

as the Molas in his original definition of the HermoBB.; 

1cross, Whitman and Spencer, A.C. loo. cit. p. 49 
2Ibid. p.48. 
3cross, Whitman and Howe, Ernest, loot cit. p.4. 
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and he sey-s there was a hiatus in Spencer's 

observations between the Ouray limestone and the 

lowermost Hennosa. After reviewing Spencer's1 

definition and discussion of the lower Hermosa beds, 

the writer is inclined to believe that Spencer did 

include the beds immediately above the Ouray limestone 

in his new group, as he s~ys,~ 

"At the base and resting upon the Devonian 
limestones there are shales and impure limestones 
which have been considerably baked and 

, metamorphosed but which may still be seen to 
contain abundant upper Carboniferous fossils, 
and which correspond with similar strata 
occurring above the Devonian along the western 
side of the .Animas valley. Above this the rocks 
are green or gray grits, or sandstones, 
alternating with gray shales and containing 

··several beds of black shale and occasional thin 
impure limestones". 

The Devonian to which he refers is the Ouray 

lime stone. The beds described in the last sentence are 

similar to those now regarded as immediately overlying 

the M:olas. For he al so says3, 

"The fossiliferous limestones which occur at the 
base just above the Devonian are found throughout 
this extent, but the strata above them change 
greatly from place to place". 

By this Spencer surely means the persistent Molas 

1 cross, Whitman and Spencer, A.C. loo. cit. p:p. 48-50. 
2 Ibid , p • 5 0. 

3Ibid, pp. 48-49. 
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beds as now known, and above them, the changeable 

lower beds of the Hermosa formation as it is 

described today. His description of the strata in 

contact with the Ouray limestone leaves little doubt 

in the writer's mind that he really was re:ferring to 

the group that Cross ident if:ie d as the Malas. However, 

the writer does not wish to refer these lower beds 

back to the Hermosa, as they probably are a distinctive 

unit, as has been discussed under the heading of the 

correlation of the Malas formation. 

The base of the Hermosa was not seen by the writer 

in his study of the formation at Engineer Mountain as 

it is covered in. that immediate vicinity. But from 

descriptions the lower beds are known to be conformable 

with the Malas, but variable in lithology. Along the 

southern part of Hermosa Creek, the basal members are 

green sands and shales, while to the northeast in the 

Silverton quadrangle the basal stratwn is a blue-gray, 

dense lime stone; and st ill farther north at Ouray, 

conglomerates and sandstones are found overlying the 

Moles. 

The upper beds of the Hennosa are more constant, 

especially on the southern and western slopes of the 

San Juan Mountains., On Engineer Mountain and in the 

Rico area, the beds in aontact with the overlying 
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Rico formation are practically identical. A thin 

limestone bed 6 to 18 inches thick, with abundant 

Fusulina is covered by 30 or more feet of green 

micaceous shale which is conformably overlain by 

limestones of distinctive lithologic characters and 

bearing the typical Rico fauna. 

CHARACTER OF THE BEDS. 

The detailed section of the Hermosa formation· 

as measured at Engineer Mountain may differ somewhat 

from a section taken along Hermosa Creek, the type 

locality. But as a section from that locality is not 

available, and hence cannot be compared, the writer has 

compared his section to the one measured by Spencer1 

and used in his description of the Hermosa formation. 

It has already been stated that the section is 

typically one of elastic materials. The .arkosic 

character of some of the sandstones in the middle and 

lower -parts of the section is a noticeable feature. 

Locally monzonite porphory, or other intrusives, may 

be found as sills and sheets. 

The advisability of subdividing the Hermosa 

formation has been considered by Spencer2and also by 

1 Ibid. p. 55. 

2raem. p .49. 
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Cross1 • At Rico the limestones are particularly 

well developed in the middle portion, but scarcely 

appear in the lower and upper parts. At Engineer 

Mountain this is not the case, and along Hermosa Creek, 

an entirely different classification is found. Thus 

it ha.s not been deemed wise to make a division of the 

formation into srmller groups. It is 'impossible to 

correlate individual beds because of the lateral 

variation, both in thickness and quantitative 

distribution. 

The following section represents clearly the 

character of the Hermosa formation. 

Bed. 

Section of the Hermosa Formation on East Side 
of Engineer Mountain. 

Rico formation, apparently conformable. 

Top of Hermosa. 

Feet. 

62 Sandstone, greenish, yellow, massive. 4 

61 Covered, possibly shale in part. 75 

60 Limestone, blue-gray. Fusulina bed. 2 

59 Shale (?) mostly covered. 120 

58 Limestone, massive, light blue-gray. Capping 
bluff east of Rico formation and igneous 
rock at top of Engineer Mountain. 30-50 

5tl Limestone, dark gray, massive cherty lenses. 
Weathers white. 6 

1cross, Whitman, and Hole, A.D. u.s. Geol. Survey, Geol. 
Atlas, Engineer Mt. folio (171}, p. 6., 1910. 
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Bed. Feet. 

56 Sandstone, light giay;coarse arkosic, in 
part limy. 33-45 

55 Limestone, blue, massive, like No.51. 38 

54 Shale, cove red slope. 6 

53 Limestone, like No. 51. 12 

52 Shale, soft shaly lime or shale, covered in 
parl. 8 

51 Limestone, blue-gray, fine grained, dense, 

50c 

50b 

50a 

49 

massive beds 10 to 12 feet thick. 130 

Sandstone, brown on exposure, coarse, having 
appearance of granite. Massive layer in center 
with two foot layer above and below it. 
Sandstone, alternating thin beds shales and 
sand stones. Appears about 30 feet above base 
·of horizon 50. 

Limestone, blue-gray, very dense with greenish 
shales and sandstones interbedded in thin 
layers. For all of bed 50,111 

Sandstone, yellow, massive, prominent layer 
forming a protruding bank. 22 

48 Shale with thin sandstone interbedded. Locally 
massive yellow sandstone 8 feet from top. Also, 
beds of blue limestone 2 feet thick near top. 45 

47 Limestone, blue-gray,dense,slightly nodular. 3 

46 .- ,~· ~- s~. blue-gray, sandy with stray sandstone beds. 
Grades locally at top in massive yellow 
sandstone. · 42 

45 

44 

43 

Limestone, blue, dense, irregularly bedded. 
Very nodular. •Fossiliferous. 

Shale, like No. 42, with thin sands and shaly 
sandstone at top. 

Limestone, blue-gray, dense, fine grained. 

6 

36 

2 
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Bed. Feet. 

42 Shale, reddish, sandy, micaceous, with 
red sandstone layers. 11 

41 Sandstone, coarse grained, massive, single 
heavy layer. 18 

40 Shale with some thin lime beds. 20 

39 Limestone, blue-gray, fine gratned. Fossils. 7 

38 Shale, blue -drab. 8 

37 Sandstone, cong1omeratic near base. 19 

36 Shale, locally with sandstone. 14 

35 Sandsto·ne. 13 

34 Shale. 1 

33 Sandstone. 11 

32 Shale. 11 

31 Limestone. 3 

30 Shale. 8 

29 Sandstone. 11 

28 Limestone, massive, capping'c.inorth end of 
bluff. Basal part coarse grained, 18" to 2' 
thick. Upper part blue, dense, and very 
massive. 17 

27 Sandstone, locally streaked purplish and 
maroon. In part soft, other :r:arts much 
harder. Upper part shaly and cross-bedded. 33 

26 Sandstone , blue -gray, wea the ring yellow. Limy • 4 

25 Sandstone, blue-gray, massive, soft, moderately 
fine grained. 22 

24 Shale·, blue-black, sandy, with thin layers 
of sandstone • 22 



(47) 

Bed. ·Feet. 

23 

22 

21 

Limestone, dark-blue, weathering yellow, 
dense, fine grained. 

Sandstone, light-gray, very soft and 
coarse, ar~osic. Massive. 

Shale, blue, sandy with interbedded 
sandstones. 

Sandstone, brown, limy in part. Some beds 
sandy limestone. Thinbedded. 

19 Shale. Bottom covered, top, dark blue, hard 

::.2 

16 

13 

10 

calcareous. 10 

18 Limestone, blue, dense, massive, weathering 
in irregular blocky masses. Contains calcite 
veins and fossils·, mostly crinoids, corals 
and brachiopo~s. 12 

17 Shale, sandy, mostly covered. 8 

16 Limestone, blue, dense, sub-concoidal 
fracture. Fine grained. Weathered surface 
somewhat brecciated. 2 

15 Limestone, similar to No. 12. 3 

14 · Sandstone, arkosic, light gra:y, vexy coarse, 
weathering in rounded, sandy slopes, upper 
part shaJ.y. 15 

13 Shale, sandy. 11 

12 Limestone, blue-gray, crystalline, hard. A 
single massive layer weathering in vertical 
jagged escarpment, making conspicuous bench 
somewhat cavernous. Brown on weathered 
surface and showing numerous pittings. 12 

11 Shale, brown, gray and light blue. Very 
sandy and micaceous, grading laterally 
and vertically into shaly and soft sand-
stones. Coarse grained. 75 



Bed. 

10 

9 

8 

7 

6 

5 

4 

3 

2 

l 
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Limestone, dark gray. Lower part crinoidal 
and crystalline. . Upper part massive, 
dense, with few orinoid fragments. 

Shale, mostly covered. 

Limestone, blue weathering brown, massive, 
finely crystalline. Dense. 
Shale, brown to green·. Sandy grading to 
sandstone at the topc~ .. 

Sandstone, yellowish gray,.rnassive,_ soft, 
similar to No.l. 

Shale, brown, sandy, micaceous, grading to 
shaly sandstone, with thin beds of harder 
sandstone. · 

Covered, shale possibly. 

Sandstone, greenish-gray, rather thinly 
bedded, finer grained t ban No. 1. 

Shale, green. 

Sandstone, greenish-gray, strongly arkosio, 
coarse grained. Weathers in single, massive 
beds with a black smooth surface. 
This bed a very prominent layer. 0811 easily 
be traced along the east side of Engineer 
Mountain. Strata below covered at north 
end of section opposite north spnr pf 
Potato Hill~;. 

Summary. 
Sandstone 349 feet 
Shale 66~ feet 
Limestone 35ID feet 

1361 feet 

or 25.7% 
or 48.6% 
or 25. 7)b 

100. 07~ 

THE SANDSTONES. 

Feet. 

7 

-21 

6 

60 

13 

6 

1/± 

6 

1 

22 

1361 

The sandstones are probably the most variable of 

any of the beds in the Engineer Mountain section. 
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They range from massive, hard layers, to soft, 

crumbling thin beds, and are not restricted to any 

one portion of the section. A gray color seems to 

predominate, especially in the lower half, but green 

and yellow combinations often appear with the gray. 

In the middle part a purple and maroon streaked bed 

appears which is also cross-bedded. (Bed No. 27) The 

beds are often hard and massive, forming prominent 

benches on the side of the mountain. The nmnber 50c 

is very coarse grained with large particles of quartz 

and :feldspar, and is in part quartzitic, resembling a 

coarse grained granite. None of the beds exceed 50 

feet in thickness, and the greatest number range from 
10 to.18 feet, only a few beds being le.ss -than 10 feet 

in thickness. The total· thickness of the sandstones 

and arkoses in the section is 349 feet, o:r slightly 

over 25 percent ·of the entire section. 

TEE SHliliE S • 

In a great many cases, the shales are covered, 

either in part or entirely. It is possible that some 

beds designated as shales, because they were covered, 

were actually soft sands or limestones. The shales of 

the lower 300 feet of the section are brown and green, 

very sandy and usually micaceous. In this part of the 

section no true shales were found, only coarse grained 

.. 
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gritty materials that usually grade into soft 

sandstones. In the overlying 200 feet are shales of 

increasing calcareous properties with less sand and 

mica. In the remaining part of the section some 

thin interbedded sand beds are found, but they show 

marked, rather than gradational changes. Bed number 

42 is an exception to this generalization, and is 

indeed a very interesting horizon. The bed is shale, 

very miaaceous and sandy, with a pronounced red color 

and platy cleavage. It occurs with a few thin red 

sandstones interbedded. The writer observed a 

similar bed just above the 10,200 foot contour line 

on the southeast point of Sandstone Mountain above 

Rico, and believes the beds equivalent • The Sandstone 

Mountain horizon is especially characterized by its 

shiny copper color. 

The character of the, shales in th~ upper 500 feet 

of the section, is for the most part, uncertain, due 

to the large amount of covering. However, . in bed 

number 52 which is in part exposed, a soft calcareous . 

shales is observed. In the upper half of the section 

the prevailing color of the shales is a blue-gray or 

drab. 

The shales comprise 48·.6 percent or 661 feet of 

the total section. 
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THE Lil1ESTOHES. 

It is not possible to separate the Hermosa 

formation into smaller groups. However, in the 

Engineer Mountain section the limestones reach a much 

greater development in the upper third than in the 

balance -of the section. They are present with more 

or less regularly in the basal two-thirds, but in 

much thinner beds and more widely separated. 

The limestones throughout the section are blue-

gray to dark gray-, or .nearly black, massive and 

usually very dense, fine grained or crystalline. 
Nodular beds occur in the upper part. 

The limestones amount to 25.7 percent of the 

total thickness of the section. 

Gypsum also occurs in the lower part of the 

section below the section given in this paper, but 

thitty feet of it is reported from the Rico area. 

DISTRIBUTION. 

The Hermosa formation is the most widespread 

of the Pennsylvanian system in this area. The outcrop 

may be followed from the upper Los Pines River on the 

southeast slope of the Needle Mountains, along the 

southern part of the mountains, up the west side of 

Las Animas River almost to Silverton, and enclosing 

nearly three-fourths of a circle around the Needle 



(53) 

Mountain.group. Local folding and faulting· has 

brought the Hermosa to the surface at distant and 

isolated places, as at Rico and Ouray. 

AGE AND CORRELATION. 

The fauna of the Hermosa formation has been 

identified by Girty1 as certainly of Eennsylvanian 

age. He regards2 the Hermosa as being older than 

the lowest of the Kansas beds. The faunal evidence 

seems to substantiate this statement. Productus 

gallatinensis and some of the Bryozoa are identical 

or closely related to some of the Mississippian forms. 

Many of the long ranging forms found through a great 

part of the Hermosa, appear only in the lower beds 

of the Kansas Pennsylvanian. Likewise, forms which 

appear in the older Kansas becls and increase in the 

higher ones, are rare, or are not found in the Hermosa. 

Some common forms in the Kansas beds have their 

antecedent forms in the Hermosa of the San Juan area. 

With regard to other Colorado beds, Girty3 believes 

1Girty, G.H. Carboniferous formations and faunas of 
Colorado: U.S. Geel. Survey Prof. Paper 16, pp. 122-132 
162-216, 231-267, 1903. 

2Idem. p. 264. 

3 Idem. p. 262,. 
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"That the lowest Pennsylvanian de:posi ts in 
the San Juan, Crested Butte and Leadville 
areas are essentially synchronous. It 
also seems to be true that essentially 
the same fauna occurs in the Hennosa 
formation of the San Juan region, the 
Weber and lower :Maroon formations of the 
Crested Butte, and the Weber shale and 
Weber grits of the Leadville district". 

The relation of the Hermosa fauna to the 

faunas elsewhere in the San Juan Basin will be 

discussed later. 

In the faunal lists (Table II), the fauna of 

the lower, middle . and upper divisions are shown 

separately. Also, the forms that are in common 

with the Rico fauna are designated. As has been 

stated before, the formation has not been subdivided, 
either on lithologic or paleontologic evidence. The 

divisions are more or less arbitrary, and may be 

considered as the lower, middle and upper. thirds of 

the formation. 



TABLE II. Showin~ the range of Pennsylvanian species in the San Juan Region.1 
Hermosa 

PROTOZOA. 
Fusulina cylindrica 

SPONG IA. 
Hyalostelia sp. 
Hystriosporigia ? sp. 

COELENTERATA. 
Lophophyllum profundfun 
Campophyllwn torquim 
Zaphrentis gibs,oni 
Amplexus sp. 
Chaetet~s milleporaceus2 
Leptopora winchelli 

ECHINODERMA.TA. 
Archaeocidaris triplex ? 
Archaeocidaris ornate 
Eupachycrinus ? sp. 

HELMINTHA. 
Conularia crustula ? 

BRYOZOA. 
Fistulipora carbonaria 
Rhombopora lepidodendroides 
Prismopora serrata 
Prismopora. sp. 
Fenestella sp. 
Polypora. n. sp •. 
Poly!)ora sp. a. 
Polypora sp. b. 

~Girty, G.H. op. cit. pp.250-252. 

Lower Middle U-pper 

l 

1 
l 

1 

1 

·l 

1 

4 

2 

1 
1 
1 

1 

1 
1 
1 

1 

1 

4 

2 
l 
1 
1 

1 

? 

1 

1 

1 



TABLE 'II cont'd. 

BRYOZOA cont'd. 
Septopora sp. 
Chainodictyon laxum 
Stenopora carbonaria 
Stenopora ? sp. 
Leiclema ? sp. 

BRACHIOPODA. 
Derbya crassa 
Meekella striaticostata 
Chonetes flemingi var. verneuilianus. 
Chonetes mesolobus # 
Productus semireticulatus var. hermosanus 
P.roductus inflatus 
Productus pertenuis ? 
Productus cora fl · 
Productus (Pustula) punctatus 
Productus (Pustula) nebraskensis # 
Productus sp. a 
Product us sp. b. 
Marginifera wabashensis var. 
Marginifera ingrata 
Spirifer boonensis ? 
Spirifer rockymontanus 
Spirifer cameratus 
Squamularia perplexa 
Ambocoelia planiconvexa 
·Spiriferina campestris 
Spirifering kentuckyensis 
Seminula subtilita ~ 

# Also found in Rico formation. 

Hermosa 
Lower .Middle Upper 

1 

3 

1 

3 

2 

2 

1 
2 

6 

3 
2 

5 

1 

3 
1 

4 

1 
4 
2 
1 
1 

1 
1 
4 
4 
2 
9 
2 

1 
13 

1 

1 
1 

2 

2 
6 

9 
2 
7 
1 

3 

6 
4 

1 

8 



TABLE II cont'd. 

PELECYPODA. 
Aviculopecten occidentalis # 
Aviculopecten pellucidus 
Aviculopecten rectilaterarius 
Acanthopecten carboniferus # 
Streblopteria tenuilineata 
Modiola ? subelli:ptica 
Myalina subquadrata? # 
Pseudomonotis hawni # 
Aviculopinna ? peracuta 
Chaenomya leavenworthensis 
Allerisma terminale 
Schizodus sp. 
Leda bellistriata ? 
Edmondia subtruncata 
Edmondia. ? sp. 
Cypricardinia carbonaria 

SCA.PHOPOD.A. 
Dentaliurn sublaeve 
Dentaliwn s:p. 

GASTEROPODA. 
Worthenie ? lasallensis ? 
Naticopsis altonensis # 
Naticopsis monilifera # 
Strophostylus subovatus ? 
Platyceras parvum 
Euomphalus catilloides 
Minute gasteropods 

# Also found in Rico formation. 

Hermosa 
Lower Iv1iddle Upper 

2 
1 
1 
4 
2 
1 
2 
? 
1 
2 ('J1 

1 co 
1 
1 
2 
1 
1 

2 
1 

1 
1 

1 
1 

1 1 
1 

l 1 



TABLE II cont'd. 
Hermosa 

Lower Middle Upper 

G.ASTEROPOD.A. Cont'd. . . . 

Bellerophon crassus # 1 l 
Bellerophon giganteus ? 1 
Bellerophon percarinatus ? 1 
Patellosti'Wll montfortianum 2 
Patellostiurn -bellum # 1 '· 
Euphemus nodocarinatus ? 

CEPHALOPODA. 
Tainoceras sp. 1 

CRUSTACEA. 
Phillipsia major 1 .. 

Philli:psia trinucleata ? 
Leperditia . sp. 1 

# Also found in Rico formation. 
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The lower Hermosa fauna is probably closer 

related to that of the Molas formation than to the 

remainder of the Hermosa. It is also related to the 

middle Hermosa, but there are certain individualities 

that help to make sure its identification. Unless a 

very complete collection is at hand, it is often very 

difficult to differentiate the middle and upper 

division, their relation being so close. A possible 

explanation for the wide difference between the lower 

and middle faunas, lies in the fact that the collection 

from the lower division was ma:de at the very base of 

the Hermosa, or about 600 or 700 feet be low the lowest 

collection from the middle division. 

The table (Table II) shows that Chonetes filiemingi 

var. verneuilianus, Productus inflatus, Productus 

gallatinensis and Productus sp. b., do not range into 

the middle and upper Hermosa, and that Productus 

semireticulatus var. hermosanus, Pustula punctata, 

Spirifer rockymontanus, Spiriferina kentuokyensis, 
and a number of other species found above~ do not 

occur below. With the exception of the brachiopods, 

the fauna of the lower Hermosa has little in common 

with the middle or upper divisions. 

The middle and upper ·'di visions are characterized 

by th:e abundance. of the gastropods and pelecypods, the 
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latter being especially prominent in the upper group. 

THE RICO FORifiATION. 

It is questionable whether the Rico formation 

should be included with the discussion of· the 

Pennsylvanian series, as the question of it's . age has 

not been ·settled. However, the close association in 

many ways makes a brief discussion advisable. 

DERIVATION 0~' NAME. 
r 

The formation succeeding the Hermosa in the 

normal section of the SB;U Juan region was first 

identif,ied and named by Spencer in his report on the 

Rico Mountains1 • Although. he first recognized a 

P'ennsylvanian fauna in the typi:Cal "ned:beds" section 

along Hermosa Creek, he selected the· section on Scotch 

Creek as· the type, and called it the Rico formation 

because mf its excellent development in the quadrangle 

of that name • 

DEFINITION OF THE FORMATION. 

The original description by Spenoer2 of the Rico 

1 . . 
Spencer, A. C., Geology of the Rico Mountains: U.S. 
Geol. Survey Twenty-first Ann. Rept., pt. 2,p60, 1900. 

2 Op • cit • p • 5 9 • 
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formation included about 300 feet of strata between 

the Hermosa and the Dolores :formati one. The Triassio, 

which includ"es the Dolores, was thought at that time 

to begin immediately above the Rico group. 

The formation consists o:f sandstones and 

conglomer~tes, with some shales and irregularly bedded 

sandy fossiliferous limestones. Lithologically, the 

strata resemble the overlying Cutler (:formerly part of 

Dolores beds) beds, but are distinctly marked from the 

grayish beds of the older Hermosa. 

The section of the Rico :formation on Scotch Creek 

is 238 feet thick, but elsewhere 250 to 300 feet of 

strata have been referred to the group. Recent 

discqvery 1 of fossiliferous limestone with Rioo 

characteristics in the midst of a section of red beds 

of typica1 Cutler formation on the south face of 

Engineer Mountain, may, locally at least, extend the 

thickness of the Rico to much larger figures. 

LIMITS OF BEDS. 

The base of the Rico is well marked, and is seldom 

mistaken. On Engineer Mountain tpe actua1 ·contact is 

covered, but nearly the same conditions that are known 

to exist elsewhere are found there. The basal stratum 

1cross, Whitman and Hole, A.D., op. cit. p.6. 
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of the Rico is conformable with the 30 feet of green 

micaceous shales which constitute the upper bed of the 

Hermosa. This lower bed is composed of a sandy 

limestone or calcareous sandstone of pinkish color, 

and contains abundant fossils preserved· in white 

calcite. 

The upper stratum of the Rico formation is not 

so well marked, but is usually considered as the 

uppermost fossiliferous limestone, or its equivalent. 

This, of course, is quite likely to vary somewhat, 

as has already been pointed out in the instance of the 

Engineer Mountain discovery. Believing that the 

overlying Cutler beds (then called Dolores) were 

unfossiliferous, the intention was to include as of 

Rioo age, all the fossiliferous beds with the similar · 

fauna. More detailed and extended wor1: will no 

doubt develop a basis for definitely limiting the 

upper beds. Wherever this u11per f os si lif erous 

limestone has re en studied, the overlying beds have 

been found to be conformable. There is no marked 

dividing· line between the physical characters of the 

Rico an~ the overlying Cutler beds.. Locally, the 
Riao beds as a whole exhibit a darker red than the 
Cutler, but the color line is not a sharp one. 
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CHARACTER OF TEE BEDS. 

The type section of the Rico formation is found 

about three miles below Rico on Scotch Creek, a small 

tributary to· the East Dolores River. The section as 

measured by Spencer1 and given below was checked at 

this point. 

Section .of Rico formation on Scotch Creek. 

Bed. Feet. 

22 

21. 

20 

19 

18 

17 

16 

15 

14 

13 

Top of Rico. · 

Limestone, fossiliferous. Two beds,six 
iriohes and one fbo,tkthiok separated by 
green sh ale. 

Shale and sandstone, the latter in thin 
beds, light colored with shale in upper 
part. ~artly covered slope. 

Sandstone, pink, arkosio, quartzitia. 

Shale and sandstone, thin bedded. 

Limestone, earthy, unfossiliferous. 

Shale', gray-green to red, fine grained 
with few thin sandstones. 

Sandstone, red, arkosio. Conglomerate in 
middle resting on pink arkosio conglomerate 
2 feet thi:ck. 

Shale, red, crumbly. Contains nodules 
of gray limestone. 

·Limestone, red, sandy. Fossiliferous. 

Sandstone, variable. Upper part thin-
bedded with shale. Lower part coarse 
grained, dark red. Worm borings. 

1 Op • cit • p • 6 2 • . 

4 

20 

7 

7 

1 

18 

22 

20 

2 

27 



Bed. 

12 

11 

10 

9 

a 

7 

6 

5 

4 

3 

2 

1 
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Limestone, gnarly, earthy in upper part. 

Sandstone, dark red, friable, oontains 
thin shale. 

Sandstone 1 massive arkose and conglomerate 
below, thin bedded above. Red. 

Shale, red,· orumbly. Contains bands of 
gnarly limestone in middle • 

Sandstone, pink and white. Conglomeratio 
and arkosio. 

Sandstone, dark red, calcareous, with 
some mioaceous shale. 

Limestone, fossiliferous. 

Sandstone, micaaeous. Upper part massive, 
lower pa.rt thin bedded and shale, Some 
fossiliferous. 

Limestone, fossiliferous. 

Sandstone, alternating· red and gray or 
variegated, heavy, micaoeous. Contains 12" 
layer of sandy fossiliferous red limestone 
8 feet from the base. 
Shale, dark red, mioaoeous. 

LiDE stone, grades downward into gray 
flags. Very fossiliferous. 
Hermosa formation. 
Shale green fine grained micaceous. 30' 
Limestone, biue, abundant Fusulina. l' 

Summary. 

Sandstone 122 ·feet or 
Shale 95 feet or 
Limestone _gi ·feet or 

238 feet 

51.3% 
39.9% · 
a.a% 

10o.o% 

Feet. 

4 

15 

16 

10 

3 

3. 

2 

9 

2 

20 

20 

6 
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The outstanding features of the Rioo formation 

at its type locality as Spencer1has outlined them are, 

"first, its calcareous nature, in which 
it resembles the strata above and below; 
second, the very arkosic character and 
coarseness of its sandstones, in which 
respect it differs from the Hermosa and 
resembles the Dolores; and third, its 
chocolate or· dark maroon color, which 
contrasts sharply with the gray or green 
of the Hermosa and which is more or 
less distinct from the bright vermilion 
of the Dolores." 

These features of contrast may not always hold good. 

The Hermosa sandstones are really more arkosic than 

Spencer indicates. 

The greatest part of the Rico is composed of 

sandstones and sandy shaJ.es, which are made up of 

materials derived from disintegration of granite 

lying close at hand. The sandstones are mostly 

coarse and conglomerat io, and show large gr a.ins of 

fresh undecomposed feldspar and quartz. The fine 

grained sandstones pass into snady shale's. The shales 

are either a ·fihe grained, laminated clay shale of . 

green color, or an unlaminated red marly bed. 

Int~roala.ted with the sandstones and shale a, which 

usually are oaioareous throughout, are several beds of 

impure limestone, sone being earthy gray~ or nodular 

l Op • o it • p • 6 0 
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bands associated with the marly shale, and others of 

sandy red limestone in thin strata, 6 inches to 2 

feet in thickness. 

DISTRIBUTIOM. 

The Rico £-0r1nation is found on the southern .and 

western slopes of the San Juan Mountains in a narrow 

band between the Hermosa and Cutler formations, but 

good exposures are not numerous. On the northern 
'\ 

slope of the mountains: at Ouray, the Rico has not been 

recognized. The highest fossiliferous formation beneath 

the unfossiliferous and characteristic Cutler beds, 

contain fo·ssils of Hermosa type, even though lithologic-

ally they are similar to the Rico beds. Thus the 

total extent of the Rico formation is uncertain. 

AGE AlID CORRELATION. 

At the time the Rico formation was named and 

described, it was believed to represent the transition 
between the true Pennsylvanian and Permian types, and 
hence was called Fermo-Carboniferous. The fauna, as 
far as known now, is strictly a marine group, while 

the strata represent a severe transition from the 
marine to .fresh water conditions resulting in the 

continental deposits of the overlying Cutler formation. 
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TABLE III. 

Table showing the Pennsylvanian specie~ in the 
Rioo formation of the San Juan Region. 

BRACHIOPODA. 
Chonetes mesolobus # 
Chonetes geinitzianus 
Produotus cora # 
Pro ductus (Pustula) nebraskensis =//= 
Seminula subtilita # 

PELECYPODA. 
Aviaulopecten occidental.is ## 
Acanthopecten carboniferus 
Myalina subquadrata ? # 
Myalina wyomingensis 
ivTyalina perattenuata ? 
Posidoniella pertenuis ? 
Pseudomonotis hawni # 
Pseudomonotis equistriata 
Pseudomonotis kensasensis 
Pseudomonotis sp. 
Monopteria polita 
Monopteria alata 
Monopteria longispina 
Aviculopinna nebraskensis 
Allerisma terminale 
Sedgwickia topekensis ? 
Sohizodus ouneatus ? 
Schizodus meekanus 
Schizodus pandatus ? 
Pleurophorus subcostatus 
Pleurophorus occidentalis ? 
Edmondia gibbosa 
Astartella ? gurleyi 

GASTEROl?ODA. 
Euconispira sp. a. 
Euoonispira sp. b. 
Worthenia ? marconiana ? 

I 

Abundance. 2 
l 
l 
5 
? 
6 

5 
l 
5 
5 
2 
l 
l 
1 
1 
3 
l 
1 
l 
2 
1 
l 
3 
l 
4 
5 
l 
3 
1 

1 
l 
2 

# Species marked thus also occur in the Hermosa fauna. 

1Girty, G.H. op. oit. p. 253. 
2 The colD.mn headed'abund.ance' represents the total 
number of collections made in which the respective 
species were found. 



TABLE III cont'd. 

GASTEROPODA cont'd. 
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Loxonema plicatum 
Loxonema ? peoriense 
Naticopsis altonensis # 
Natioopsis monilifera # 
Strophostylus remex 
Bulimorpha chrysalis 
Bellerophon crassus # 
Patellostium bellum # 
Euphemus nodocarinatus 

Abundance. 

2 
2 
? 
2 
2 
3 
3 
2 
4 

# Species marked thus also occur in the Hermosa fauna. 
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The accompanying table (Table III) lists the 

fauna of the Rico formation as identified by Girty~ 

As may be seen by a comparison of the faunal 

lists given for the Hermosa and Rico fonnations, the 

two faunas are distinctly different, less than one 

third of the spec'ies being common to both. According 

to Girty2 the fauna of the Rico formation of the San 

Juan region has not been found elsewhere in Colorado, 

but he3 believes it to be the equivalent of the 

Manzano group of New Mexico, in which he found many 

common for ms, as well as a marked similarity, both 

lithologically and stratigraphically. 

When the first Rico fauna was submitted to Girty 

before the naming of the formation, he4 regarded it as 

being the equivalent of the fauna found in the Neosho 

and 6hase formations of the Kansas Permian. Later 

when a more complete collection was·rnade from the Rico 

and a study of the forms was made, Girty revised his 

1Girty, G.H., Carboniferous formations and faunas of 
Colorado: U.S.Geol. Survey Prof. Paper 16, p.253,1903. 

2 Op. cit. p. 261. 

3Lee, W .T., and Girty G .H., The Manzano group of the Rio 
Grande valley, New Mexico~ U.S.Geol. Survey Bull. 389, 
p. 42, 1909. 

4 Girty, G.H. op. cit. p. 265, (Prof.Paper 16) 
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correlation with the statement1 that the Rico of 

Colorado was not older than the Iola limestone (top of 

Kansas City formation) nor younger than the Eskridge 

shales (top of Wabaunsee formation), and possibly about 

the age of the Deer Creek and Howard limestone members 

of the Kansas Pennsylvanian. 

Girty based: his second conclusions almost 

entirely on the presence of Chonetes mesolobus and in 

part on the absence of Bakewellia in the Rico fauna. 

In Kansas, the Chonetes mesolobus is found only in the 

lower portion of the Pennsylvanian series, not being. 

known ·above the Marmaton formation, and Girty accepted 

this as proof that its range in Colorado could be only 

slightly higher. 
Since that time. much more has been learned 

regarding the Rico and other faunas of the Colorado 
.Pennsylva.nian as well ~s of the Kansas' faunas. Also 

the Manzano group of New Mexico has become better known, 

but its relation to the Rico has remained about the 

same. The Manzano is now regarded as almost certainly 

of Permian age, and even though the faunas are not 

identical, Girty2 now believes that the Rico is Permian. 

1Girty, op. cit. p. 267. 
2Personal .communication to R. C. Ivfoore. 



THE RIO PIEDRA SECTION. 

LOCATION. 

The Rio Piedra River rises on the south slope 

of the San Juan Iviountains in southwestern Mineral 

County, Colorado, flows southwest across the corner 

of Hinsdale County and into western Archuleta County. 

Soon after entering Archuleta County, the stream 

changes its general direction to almost straight 

south. About two miles north of the New Mexico state 

line and just bel·ow the town of Arboles, the Piedra 

joins the San Juan River. 

The section presented in this paper is located 

aJ. ong the u:ppe r Piedra in northwestern !1rch ulet a 

and southern Hinsdale counties and between Wiminuche 

and First Fork Creeks. The section is accessible by 

trail along the :Piedra River tr.at may .,be reached from 

the Pagosa Springs-Durango road at the village of 

Piedra, or along the upper river at the road bridge 

about 20 miles northw~st of Pagosa Springs. 

PREVIOUS WORK nr THIS AREA. 

The Hayden Survey ,manped this area in their early 

work. The Hayden map in representing the geology along 

the Piedra River betv1een Wiminuche and First Fork Creeks, 

shows "u:pper Dakota" throughout the area. Endlich, who 

(72) 



( 73) 

mapped this area, 1 usually applied this term to the 

strata now known as the Dakota sandstone, and not more 

than 200 or 300 feet of underlying beds. Along the 

Piedra in the area referred to, the valleys and canyons 

sometimes reach a depth of more than a 1, 000 feet, and 

as the Dakota sandstone in this area is less than 200 

feet thick, it is obvious that lower formations are 

exposed. 

Apparently ~he presence of Pennsylvanian and 

other pre-Dakota strata along the Piedra, was not 

known until the studies of Cross and Larsen~ In 

their discussion of the La Plata overlap in southwestern 

Colorado~ they described the pre-Dakota section found 

along the Piedra which includes the lower part of the 

Hermosa and Molas formations of the Pennsylvanian 

systems~ 

1Endlich, F.M., Geology of the basin of the San ~uan 
River, Colorado~ U.S. Geog. & Geol. Survey of Terr. 
Ninth Ann. Rept., pt. 1, pp.167-171. 176-191, 1875. 

2 

3 

Cross, Whitman, and Larsen, E.S., Contributions to the 
Stratigraphy of southwestern Colorado: U.S. Geol. Survey 
Prof. Paper 90, pp. 39-50, 1915. 

Idem. pp .48-49 •. 
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0 1-Ml/r.s. ..._ _ ____...__ _ ___. 

Figure 1. Diagrammatic section along the 
northwest. side of Piedra Canyon. 

This figure was taken from Cross and Larsen, 

U. s. Geological Survey Professional Paper 90-e, :page· 

45, to illustrate the manner in which the Pennsylvanian 

formations have been beveled off and then overlain by 

the La Plata sandstone of Jurassic(?) age. 



THE PElfilSYLV.ANIAN SYSTEM. 

THE MOLAS FORTuIATION. 

The description o:f the Malas formation in the 

discussion of the Engineer Mountain section shows the 

persistent character of this thin and peculiar 

formation throughout the San Juan region. A bed 

overlying the Ouray limestone south of a fault was 

noted by the writer. It shows the characteristic red 

color and calcareous feature of the Malas. 1 Cross 

states that the formation is at least 100 feet thick 

at this place. It is high~y probable that the true 

Molas does not exist in this locality. 

THE HER1\1:0SA FORMATION. 

The lower beds of the Hennosa are exposed along 

the west bank of the Piedra by two local anticlinal 

folds. The diagrammatic section (fig. 1) which th€ 

writer has taken from a figure with a description by 

Cross2 , represents the structure and manner of 

exposure o:f these rocks. The section which is given 

below was measured on the west bank of the :Piedra 

about three fourths of a mile south of the junction of 

1 cross and Larsen, op. cit. p. 49. 
2Idem. p. 45, figure 3. 
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Sand Creek with the Piedra River. 

Section of Hermosa formation on Rio Piedr~ 
south of Sand Creek. 

Bed. Feet. 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

Sandstone, dark reddish-brown. Medium 
grained, cross bedded in upper part. 

Shale and sandstone, partly co~ered. 

Sandstone. Greenish-gray, coarse. 

Sandstone, reddish-brown, massive. 

Shale, partly covered. 

Sandstone, gray, arkosio, coarse. Single 
massive leyer. 

Limestone, grSN', nodular, interbedded 
with shale, e spe oially ·at base. Very 
fossiliferous. Thin bed of shale 1 foot 
thick at top, hard tayer in middle. 

Fossil collection T7. 

Shale, reddish and sandy. 

Limestone, gray, nodular. Shaly at base, 
very f~ssiliferous. 

Shale, reddish and sandy~ 

Sandstone, green and sandy. 

Sandstone, arkosic. 

Limestone, light blue-gray. Nodular with 
thin wavy bedding. Very fossiliferous, · 
Fusulina very abundant • 

Fossil collection T6 •. 

Shale or sandstone (?); Covered. 

Sandstone, arkosic, massive. 

Limestone, dark gray, dense, weathers 
massive. 

8 

30 

3 

20 

10 

4 

7 

25 

4 

30 

5 

50 

6 

25 

30 

4 



Bed. 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

a 
7 

6 

5 

4 

3e 
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Sandstone, green, thin bedded and 
massive. 

Shale, reddish, sandy. 

Limestone, datk gray, dense. 

Shale (?) Covered. 

Limestone, gray. Fusulina very abundant. 
Fossil oolleation T5 

Sandstone, greenish-gray, very coarse. 
Largely covered. 

Limestone, dark gray, dense, 
nodular, containing Fusulina. 
irregularly bedded with dark, 
shale in middle • 

Fossil collection T4 

Shale , brown. 

Upper part 
Lower part 

thin, limy 

Sandstone, greenish, fine graine.d. 

Limestone, gray, dense, nodular. 
Fossil collection T3 

Shale, 

Sandstone, gray, oonglomeratic, massive. 

Shale, partly covered. 

Limestone, shaly in part and nodular in 
part. ~ossil collection T2 

Shale, red with nodular fragmentw. 

Sandstone, gritty and limy. 

Shale, red. 

Limestone, gray, massive. Weathering in 
prominent scarp. Contains Fusulina and 
numerous other fossils. 

Fossil collection Tl 

Feet. 

20 

15 

1 

8 

2 

10 

20 

10 

3 

25 

8 

20 

4 

22 

12 

5 

4 

10 
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Bed. Feet. 

3d Shale, red. 4 

3c Limestone, mottled purplish and 
greenish gray. 

Fossil collection Tl 10 

3b Shale, red, mottled green and gray in 
lower part. 5 

3a Shale, red, with beds of sandstone 6" 
to 2' thick. 11 

480 
b Limestone, dark colored exposure. Sandy 

wavy bedding. A dark gray material with 
streaks of yellow earthy limestone 
interbedded. ... about 80 

a Sandstone, coarse grained, gritty, massive. 20 

Molas formation (?). 

Beds a and b above were taken from the 

description by Cross and Larsen.1 

Summary. 
Sandstone 203 feet or 
Shale 178 feet or 
Limestone 100 feet or 

481 feet 

CHARACTER OF THE BEDS. 

42.0% 
'37.2% 
20.s% 

10o.o% 

The character 0£ the beds contained in the 

580 

measured section is very similar to that of the typical 

section of the Animas valley. The section is composed 

chiefly of elastic materials, the sandstones and shales 

representing 80 percent of the entire section. Atnot 

place do the limestmnes reach a thickness over 25 feet, 

il.op. cit. p. 5o. 



PLATE V. 

small but typical exposure 
of the Hermosa formation on 
the lower Piedra River. 
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the greater number of beds being a few feet thick. The 

individual beds cannot be correlated with those in the 

San Juan region, but a very close relation is seen to 

exist between the Piedra section and the lower part of 

the Hermosa of the Animas valley. 

The shales of the Piedra. section are for the most 

part red and sandy, and do not occur in beds over 25 or 

30 feet thick. The sandstone are both fine and coarse 

grained, the coarse grained and arkosic type 

predominating, and in all but one or two cases they are 

in massive green.or gray beds. 

The limestones are of the characteristic Hermosa 

type, blue to gray color and usually in massive beds. 

The limes of the upper part in particular are nodular, 

Beds tha.t are composed almost entirely of Fusulina are 

found in most of the limestone divisions, which is all 

cases are fossiliferous. 

THE FAUNA .P.JID CORRELATION. 

Seven fossil collections were made from various 

beds throughout the range of the section, as shown at 
the close of this paragraph. In all, 48 species are 

listed in the following tabular statement (Table IV) 

which shows their distribution in the different beds. 

The columns are arranged to that the lower beds are 
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to the left of the page, and the higher or younger 

beds are progressively to the right. In the last 

column a simple comparison is made with like species 

· in the three divisions of the Hermosa formation of the 

San Juan region.1 

LOCATION OF FOSSIL;1COLIBCTIONS. 
Number of bed Feet above 

Stat ion. in section. base of section. 

T l 3o and 3e 116 feet. 

T 2 7 150 feet. 

T 3 11 210 :feet.·~ 

T 4 14 245 feet. 

T 5 16 275 feet. 

T 6 24 380 feet. 

T 7 30 500 feet. 



1 TABLE IV. Showing Pennsylvanian species in the Rio Piedra section, their 
ran_g-e _ and comnarison with the range of the Hermosa fauna. 

Rio .Piedra Hermoss 
Tl T2 T3 T4 T5 T6 T'7 

PROTOZOA. 
F:µ.sulina cylindrica x x ? x x x x M u 
Fusulina ventricosa ? x x 

COELEnTERATA. 
Campophyllum torquim x .U 
Ca.m:pophyllum sp. x x 
Zaphrentis sp. x x x u 
Tabulopora sp. x 
Monilopora prosseri x 
Syringopora sp. x 
Chaetetes milleporaceous x M -

!ECHINODERMATA. 
Archaeocidaris sp. x 
Crinoid stems. x 

tBRYOZOA. 
Fistulipora nodulifera - x x 
Fistulipora sp. x 
Fenestella sp. x u 
Rhombopora lepidodendroides x M 

BRACHIOPODA. 
Derbya orassa x x x x x L M u 
Chonetes flemingi var. · x L 
Chonetes mesolobus x u 
Chonetes granulifer x 
Produotus gallatinensis x x L u - M u Produotus hermosanus x x x x x x 

.L See footnote at end of table. 



TABLE IV conttd. 
- Rio Piedra Hermosa 

Tl T2 T3 T4 T5 T6 T7 
BRACHIOPODA cont~d. 

Productus oostatus ? x 
:Productus oora x LM u -Productus sp. indeterminable x x x x 
Pustule nebraskensis x x x x L .:lvI u 
Ma.rginif era haydenensis x x x x 
Marginifera muricata x 
Marginifera lasallensis x 
Marginifera n. sp. a. x x 
Marginifera n. sp. b. x x 
Spirifer boonensis ? x x L M u 
Spirifer rockymontanus - u x x x x x x x 
Spirif er oameratua x x x L ],{ u -

-CD 
1" 

Spirifer. sp. x x 
Squamularia perplexa x x x x x x L M u 
Ambocealia planioonvexa x M'. 
Hustedia mormoni x 
Com:posita subtilita x x x x x x x L M u -

PELECYPODA. -

Pinna ? peraouta x u 
Schizodus wheeleri x 
Allerisma terminale x x u 

KiASTEROPODA • 

Bellerophon crassus ? x M 
Strophostylus Sp• x A{ 



TABLE IV cont'd. 
Rio Piedra 

Tl T2 

GASTEROPODA cont'd. 

Naticopsis sp. 
Sphaerodoma primigenia x 
Sphaerodoma medialis ? x 
A gasteropod 

CEPHALOPODA 

Orthoceras sp • 

Note: Occurrences of species in the Hermosa fauna shown as, 
L, lower division. 
M, middle division. 
U, upper division. 

T3 T4 T5 

x 

x 

T6 T7 

x 

Combinations indicate the same. Letter underscored denotes division 
in which the species are most abundant. 

Hermosa 

M 

-co 
C>l 
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A study of this table reveals some interesting 

and conflicting facts. It must be borne in mind that 

the highest collection is only 500 feet above the 

Molas (?) formation. In comparing the fauna of the 

Piedra collection with those of the Hermosa in the 

San Juan region, certain facts become apparent. 

First, the vertical range of certain forms is greater 

in the Piedra section; second, the presence of some 

species in the Piedra collection that elsewhere do not 

occur until upper Hermosa or Rico time; _third, the 

presence and abundance of some species in the lower 

and middle portions of the Piedra section which are 

quite plentiful in the upper division of the Hermosa; 

fourth, the absence or rarity of certain forms in the 

Piedra collection that are abundantly present in the 

lower part of the Hermosa in the San Juan region; 

fifth, the presence of a nfunber of species in the 

Piedra collect ion that are not known in the San Juan 

region, the ·reverse also being true. 

There can be no doubt that the rocks of the 

Piedra section are of Pennsylvanian age • . Such 

diagnostic types as Fusulina cylindrica, Chaetetes 

milleporaceous, Chonetes mesolobus, Marginifera 

muricata, Spirifer cameratus, Squamularia perplexa, 

Allerisma terminale and others establish the age as· 
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definite. No quest ion arises as to the correlation of 

the Piedra beds with the typical Hermosa formation, 

as all the stratigraphic, lithologic and paleontologio 

evidence is favorable. The stratigraphic position of 

the 580 feet immediately overlying the Malas formation, 

and the lithologic character of the beds, even though 

it may vary somewhat, indi'uate the equivalency of the 

seotion with the lower division of the Hermosa formation 

of the San Juan region. However, the faunal evidence 

does not corroborate that of the rocks. 

The ve1~ical range of Fusulina cylindrica, 

Productus hermosanus; Spirifer rockymontanus, and 

Marginifera hayclenensis is very much greater in the 

Piedra section than in the San Juan region. Each 

of these forms range from the lowest to the highest 

bed in the Piedra collection, whereas, , in the Hermosa 

collection all but Marginifera haydenensis, which is 

not present in any division, are .confined to eith~r the 

middle or upper division. With regard to the exact 

age of the original M. haydenensis, Girty1 is not 

certain, and doubts that they have come from Colorado 

at all. 

In the Piedra collection are found . certain species, 

1Girty, op. cit. p. 234. 
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some in the lower beds, a.nd others in the upper beds, 

that appear only in the middle or upper Hermosa of 

the San Juan area. The significance of this statement 

lies in the feet that within the 580 feet of section 

(the exact place is immaterial) which overlies the 

Molas (?), are fonnd species which occur only in the 

upper Hermosa; for example, Campophyllum torguim, 

Fenestella sp., Chonetes mesolobus, Pinna peracuta, 

and Allerisma terminale. Hustedia mormoni is found 

in collection T5 of the Piedra section, and also 

comes :from the Uaroon formation of the Crested Butte 

area, which is correlated with the upper Hermosa, but 

does not appear in the San Juan region. 

Noteworthy is the presence of Chonetes granulifer 
in collection T4, from about the middle of the Piedra 

section. This specieais not known from the Hermosa of 
the San Juan region, but is present in Sinbads Valley 

near the top of beds which presumably represent a 
higher horizon than any portion of the Hermosa, and a 

lower horizon than the Rico formation. 1 

It is also well to note the presence of certain 

species in the Piedra section which are not fonnd in 

the Hermosa of the San Juan region, namely, Fusulina 

1 Girty, op. cit. p. 258. 
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ventricosa, Syringopora sp., Tabulopora sp., Chonetes 

granulifer, Productus costatus, !Jiarginifera haydenensis, 
~ 

M. muricata, M. lasallensis, Hustedia mormoni, 

Schizodus wheeleri, Sphaerodoma primigenia, s. media1is 

and Orthoceras sp. Also many species are found in 

the San Juan region that are not included in the 

writer's collection from the Piedra section • 

. In the lower division of the Hermosa, Chonetes 

x:axx flemingi var., Productus gallatinensis, and 

·Spirifer boonensis are abundant, but these forms are 

rare in the Piedra section, and whenever found are 

usually at its base. Such species as Stenopora 

carbonaria, Productus inflatus and Marginifera 

wabashensis that are not present in the Piedr~ section, 

are common in the lower Hermosa. 

SUM11!1RY. 

The evidence of the fauna as shown above cannot 

be denied, but it is uncertain how much reliance may 

be placed in it. It is true that neither the Hermosa 

nor the Piedra fauna is completely known and that 

further study is necessary before the relative ages can 

be settled. The Piedra. collection numbers 48 species 

while the one from the Hermosa contained 81 species. 

Part -of this difference is due to the absence in the 

Piedra collection of the exclusive lower Hermosa forms. 
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The relation of the species suggests that the 

Piedra section is the equivalent of the upper half 

of the Hermosa, or at least is not older than the 

base of the middle division. 

The question now arises as to how this condition 

can be explained. If the sect ion found on the Piedra 

is equivalent to the upper half of the H_ermosa as 

found in the San Juan region, three postulates present 

themselves. 

First, that the Malas was deposited on the Ouray 

limestone as found elsewhere, but that during lower 

Hermosa time the area was above water level and 

suffered erosion .which removed the Malas. In this case 

the middle Hermosa or about its equivalent, would be 

resting unoonformably on the Ouray limestone, and the 

100 feet of strata described by Cross1 . as Molas which 

lies above the Ouray would really be a part of the 

Hermosa forro:L..tion. 

Second, if the stra.ta immediately above the Ouray 

is the true Molas, and the lithologic evidence is 

strongly in the affirmative, a period of erosion must 

have followed the d~position of a portion of the lower 

Hermosa. In this case an unconformity should appear 

Cross and Larsen, op. cit. p. 49 
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in the lower part o:f the section presented in this 

paper, but none was observed by the writer while in 

the field. However, the writer does not exclude the 

possibility that an intra-formational unconformity 

might be pre sent • 

The third postulate; and the one which the writer 

is inclined to believe is more nearly substantiated by 

the evidence, is that the Piedra region was not 

submerged as early as the Se.n Juan, and that deposition . 

did not begin until sometime later than it did in the 

San Juan region. That coµditions of the early 

sedimentation in the Piedra region were similar to 

those of the . San Juan is evidenced by the resemblance 

of the sediments that immediately follow the Ouray and 

which the writer is inclined to regard as homogenetic 

rather than time equivalents. 

THE RICO FORM.A.TIOl~. 

As the Hermosa formation is unconformably overlain 

by the La Plata sandstone in the locality of the Piedra 

section, the Rico formation is not present • About six 

miles farther south along First Fork Creek above the 

Piedra River, no exposures were observed in the zone 

between the Cutler beds -and the typical Hermosa. Hence 

it is uncertain whether the true Rico formation exists 

in the Piedra valley. 



THE PENirnYLV.ANIAI:I OF THE RIO GUADALUPE REGION. 

LOCATIOU. 

The Rio Guadalupe is formed by the union of 

Rio de las Vacas and Rio Cebolla in the north central 

part of Sandoval county in northwestern New Mexico. 

The existence of the Guada,lupe is short, for after 

flowing through· 20 miles of canyon it empties into 

the Jemez River about three and a half miles north of 

the Jemez Indian pueblo and about eight miles south 

of Jemez Springs postoffice. The Guadalupe is 

typically a mountain stream. It's principal 

tributaries rise on the east slope of ·the Nacimiento 

Mountains, and the Guadalupe its elf flows through 

mountain can~ons and valleys, except in ifs lower 

two or three miles. 

The measured section is located on the Guadalupe 

River about eight miles northwest of the confluence 

of that river with Jemez River. It is on the east 

slope and near the southern end of the Nacimiento 

Mountains. This area is not.within the San Juan 

Basin region which was defined by the writer in the 

fir st part of this pa:pe r. Attention was called to 

the fact that al..ong the west side of the Nacimient o 

uplift, which forms the east rim of the San Juan 

Ea.sin, are found rocks of Penns~lvanian age. Their 
( 91) 
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extend along the north and west flanks of the uplift, 

but they are not exposed in such a manner that a 

satisfactory section could be obtained. Rough 

estimation as their thickness would place the figure 

somewhere between 1000 and 1500 feet. Occasionally 

good exposures of a light brown to white, coarsely 

crystalline limestone were found which contained 

typiaal Pennsylvanian fossils. These strata are seen 

on the north slope of San Pedro Mountain south of 

Gallina New Mexico and dip at high angles ranging 

from 45 to 90 degrees! and usually exist as dip 

slopes that are densely covered with vegatation. 

The Guadalupe section is about 30 miles south of the 

Gallina outcrop, and within 8 or 10 miles of known 

PemIBylvanian beds on the west slope of the 

Nacimiento uplift. At the southern end of the 

mountain range 1 the Pennsylvanian rocks seem to be 

covered by an apparent overlap of the Cretaceous 

f"or mati ans •1 

Practically no detailed work has been done in 

this area, and so far as the writer has been able to 

determine, a detailed section of the .Pennsylvanian . 

1Reagan, A.B., Geology of the Jemez-Albuquerque region, 
Hew Mexico: Arner •. Geol. vol. 31, pp. 67-111, 1903. 
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rocks has never been reported from northwestern New 

Mexico west of the Rio Grande. In the area along the 

Guadalupe and Jemez Rivers. A very ~ neral report w~s 

made -by Reagan 1 in 1903. He describes in gene-ral the 

Nacimiento Mountains giving the time of their uplift as 

being as early as the beginning of the Carboniferous. 

In speaking of the Nacimiento Mountains, Reagan2 

says they are one solid mass of porphory, "a core of 

red feldspathic porphory (commonly ca:iled granite) and 

red orthoclase", adding that all the sedimeIJ.t ary roe ks 

on the flanks dip from the main ridge. His description 

of the Carboniferous rocks, about one fourth of a page, 

is all that the writer could find regarding the subject. 

Reagan3 also says that "the southern patch( of the 

Pennsylvanian rocks) reaches as far east as the Ganyon 

de los Jemez. ""On the western side of thi'S patch the 

strata dip southeast at an angle of 40 degrees and on 

its eastern terminus, west at a still great er angle. 

The rocks of this age exposed in the Jemez arch are 

limestone and shale; Carboniferous shale appears in the 

lowest expos·ed strata. The thi·ckness of all the strata 

lRea.gan, op. cit. 
2 Idem. p. 72. 

3raem. p. 74. 
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exposed is ab out 700 feet". He lists the following 

forms as evidence that the rocks are of upper 

Carboniferous age: Spirifer striatus, Composite subtilita, 

Productus mesialis, Pustula punctata, P. nebraskensis, 

and Myalirll! subquadrata. 

THE RIO GUADALUPE SECTION. 

For a distance of two or three miles above the 

mouth of the Guadalupe River, it flows through the 

typical red beds with the La Plata (?} sandstone 

oapp.ing the bluffs. North of this the Pennsylvanian 

rocks are brbught to the surface by a pre-La)Plata (?) 

fold and beveled off, a condition similar to that 

found on the Rio Piedra in Colorado • . This fold brought 

the granite very near the surface. The granite has 

been cut through by the Guadalupe and ·a narrow and 

precipitous gorge has resulted. Judging from the 

appearance at both the north and south end, this 

gorge seems impassable. The trail up the Guadalupe 

leaves the river about a quarter of a mile below the 

gorge and crosses the antiolinal ridge to the north. 

The trail winds down the side of the fold and again 

follows the river above the north mouth of the canyon. 

The base of the measured· section was taken at this 

point, just below the trail where the Pennsylvanian 
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rocks are found in contact with the granite. The 

basal part of the section was .measured at this place, 

and the balance starting from a point about 75 yards 

north. A section of all of the strata at this place 

-between the Pre-Cambrian at the base and the overlying 

La Plata (?) sandstone was obtained. The strata dip 

approximately 10 degrees northwest, hence younger beds 

are exposed in that direction. Over 850 feet of 

Pennsylvanian strata were measured at this point. The 

total section probably exceeds 1000 feet, but as the 

dip is reversed north of this section, the pre-La Plata 

erosion has removed the strata. 

CHARACTER OF THE BEDS. 

Throughout the section many of the beds are 

covered with talus and are not well exposed. A 

number of these beds are shown in the detailed 

section as "covered", while others, that are partly 

exposed, are shown as beinB entirely of the material 

that is exposed. For this reason, thicknesses of 

shale which are partly composed of ether materials 

appear in the section. As all of the beds which are 

massive and hard make good outcrops, it is highly 

probable that all the covered beds are composed of 

thin shales and sands and in part of soft limes. Thus 
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the percentage of limestone in the section wouilid not 

be increased an appreciable amount if the entire section 

was exposed. Of the total thickness measured, the 

limestones constitute only 22 percent, leaving 78 

percent of elastic materials • . This seems to be the 

average of the typical Hermosa section of southwestern 

Colorado. 

Bed. 

Section of the Pennsylvanian Rocks 
on the Guadalupe River. 

La Plata sandstone. 
Angular unconformity. 

Feet. 

75 Shale, co~ered. 6 

74 Sandstone, arkosic. 3 

73 Shale, partly covered. 11 

72 Limestone, light gray, contains quartz 
and orthoclase fragments. Numerous 
Archeocidaris spines. 5 

71 . Shale, partly covered. 9 

70 Limestone, gray to purplish, fine grained, 
dense; nodular in upper part. Fossiliferous. 
Fossil collection T9 contains fossils 
obtained from this and closely adjacent 
beds. l 

69 Shale~ partly covered. 15 

68 Limestone, gray, weathering brown. 5 

67 Shale, brown and gru.y. 12 
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Bed. 

66 Sandstone, dark brown, almost blaok, 
oonglomeratic-arkosio with fragments of 
quartz, red orthoclase and calcit, up to 
1 and 2 inches in diameter. Single 

Feet. 

massive layer. 1 

65 Shale, partly covered. 3 

64 Limestone, light gray, massive, very 
fine grained. Bellerophon. 3 

63 Shale, gray, partly coyered. 61 

62 Sandstone, gray, arkosia. 3 

61 Shale, partly covered. 19 

60 Limestone, ·drab-gray. Lo.wer portion very 
thin bedded and shaly, finely nodular. 
Upper portion more closely nodular with 
hard projecting bed 2 to 6 feet thick, 
sandy at base. 19 

59 Sandstone, light gray, hard, fine grained; 
massive bed 1 to 2 feet thick at base. 
Thinner bedded above with shale grading into 
limestone, limy· at top. 6 

58 Shale, co~ered 18 

57 Sand st one , like No. 55. 3 

56 Covered. 10 

55 Sandstone, gray, soft, arkosic, massive. 
In two layers. 12 

54 Shale, partly covered. 16 

53 Limestone, light gray, fine grained. 
Forms prominent ledge. 8 

52 Limestone, green to blue, very nodular. 
Upper part weathers readily. Somewhat 
ShB:lY. 8 
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Bed. Feet. 

51 Shale, with thin limestone layers. 5 

50 Limestone, drab-gray, massive, with 
calcite veins. 
Contains Septopora and Composita subtilita. 13 

49 Shale ? covered. 3 

48 Conglomerate, extremely arkosic, massive. 
Gray with abundant pink orthoclase. 5 

47 Shale, partly covered. 3 

46 Limestone, reddish-gray, massive, finely 
crystalline. Contains crinoid fragments. 3 

45 Shale , J8rtly covered. 38 

44 Limestone, drab-gray, fine grained, 
dense, nodular wavy bedding with thin 
shale seams. Lower 3 feet shaly. 
Extremely fossiliferous in lower ha.l.f, 
massive bed 2 feet thick at top. 

Fossil Collection T B. 24 

43 Lime stone, green, fine grained, thin 
bedded with some massive beds. Weathers 
shaly. 17 

42 Shale, partly covered. 16 

41 Sandstone, coarse grained arkose to 
conglomerate. Fragments of quartz and 
orthoclase l to 2 inches in diameter. 5 

40 Shale, red and blue-gray. Partly covered. 35 

39 Limestone, gray. Thin bedded and cherty 
making esca~pment. 14 

38 Limestone, sandy or Sandstone, limy. 
Single massive beds. Contains fragments 
of quartz up to 2 incges in diameter. 3 
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Bed. 

37 Limestone·~ grey, fine grained, dense, hard, 
very irregularly bedded, parts coarser 
grained and crystalline. Crystalline 
calcite in veins and along bedding 

Feet. 

planes. 15 

36 Shale ? , covered. 5 

35 Limestone, gray, fine grained, dense, in 
part nodular. Lower part thin bedded 
with some thin shale. Upper part massive. 4 

34 Shale, mostly co·vered and indeterminable. 
Contains some blue-gray limestone in 
massive(?) beds. 16 

33 Sandstone, light gray, weathering yellow. 
Conglomeratic, very massive, weathers in 
smooth rounded surfaces. Contains quartz 
pebbles up to 2 inches in diameter. 6 

32 Sha:L e, covered. 5 

31 Limestone, very massive, soft. Contains, 
Martinie., Fenestella., Spirifer rocky-
montanus, Griffithides, Composita 
subtilita, Straparollus, Urinoid 
fragments. 6 

30 Sliale, covered. Some thin limestones as 
indicated by float. 43 

29 Sandstone, pinkish-gray, very coarse, 
arkosic. 2 

28 Shale (?) covered. 3 

27 Limestone, light gr9¥, fine grained, 
dense, irregular cherty masses. 3 

26 Shale, (?) covered. 11 

25 Limestone, gray, hard, massive. 
Semi-crystal line. 1 

24 Shale (?) covered. 8 
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Bed. Feet. 

23 Limestone, blue-gray, nodular, massive, 
weathers in nodular fragments. 2 

22 Shale, partly cov~red. 14 

21 Limestone, gra.y crystalline. 2 

20 Shale, partly covered. 5 

19 Limestone, fine grained, somewhat chalky, 
beds 4 inches to 2 feet thick. 7 

18 Shale, yellowish, limy. 4 

17 Sandstone, medium grained, greenish. 
Single massive layer. 2 

16 Shale, partly covered. 9 

15 Lime st one, light gray. Fine crystal line, 
very massive, outcropping as a single 
prominent ledge. Locally contains 
irregular chert nodules. Upper part 
contains Spirifers silicified and 
stained red with hematite. 12 

-14 Shale, partly covered. 18 

13 Limestone, dark gray, weathers light 
yellowish gray on surface. Single 
massive layer. P .. bundant Fusulina. 2 

12 Shale, partly covered. 2 

11 Limestone, blue-gray, weathering brown 
and greenish. Single massive bed. 
Contains large Productus ~ and some 
other fossils. 5 

10 Shale, mostly covered. 36 

9 Sandstone, green, fine-grained, soft, 
locally shaly. Weathers in rounded surfaces 
partly reentrant, appearing as massive beds. 6 



Bed. 

8 

7 

6 

5 

4 

3 

2 

1 
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Sandstone, yellowish, slightly arkosic, 
coarse to fine grained, shaly at base, 
very massive. Weathers in very irregular 
hollowed, more or less smooth surfaces, 
cross-bedded. Sometimes light yellow to 
bright brown,or ferruginous. 

Covered, shale ?. 

Limestone, light gray, fine grained, 
dense, massive. 

Covered, shale ?. 

Limestone, blue-gray, nodular. In beds 
4 to 10 inches thick. 

Limestone, light gray. In part coarse 
crystal line hut not granular. Beds 6" 
to 1' thick! 

Sandstone, yellowish-gray, fine grained, 
irregular beds about 1 to 2 feet thick, 
interbedded with sandy limy shale which 
is mottled yellowish gray and drab. 
Shale at top. 

Sandstone, yellowish, very coarse 
grained. Somewhat arkosic, very massive, 
slightly conglomeratic. 

Granite, porphory. Dark reddish-brown 
with red orthoclase phenocrysts. 
Pre-Cambrian. 

Summary. 

Shale 
Sandstone 
Limestone 

527 feet 
139 feet 
191 feet 
857 feet 

or 
or 
or 

Feet~~ 

69 

33 

2 

35 

4 

3 

6 

10 
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The character of the limestones in the Guadalupe 

section is very similar to that in the Hermosa section, 

with only slight variations. The color is usually a 

blue, or a light gray to drab. but in one case a 

reddish color being noted and in another a green. 

They sre generally fine grained and dense in massive 

beds, but at various places in the section, thin 

nodular beds are found, and chert is not uncommon. 

It is impossible to divide the section on the basis 

of these characteristics, and the limestones do not 

show more development in one part of the section than 

in another. The limestones are usually fossiliferous, 

Very iittle can be said in regard to the shales 

o:f the section even though they comprise over 61 

percent of the total thickness. They are· for the most 

part covered, but an occasional exposure has shown 

them to be both arenaceous and calcareous, blue and 

brown to red color. 

The sandstones include only 16 percent of the 

total thickness of the section but are the most 

variable rocks of it. They range from fine grained 

to very coarse grained and conglomeratio types. The 

coarse grained sandstones predominate, especially in 

the lower half of the section. Arkoses are very 

common, some being extremely coarse, and conglomerate 
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beds averaging 5 feet in thickness occur at intervals 

in the lower two-thirds of the section. The quartz 

pebbles in some beds being 2 inches in diameter. As 

a rule the sandstones occur as single massive beds. 

Bed number 8 of the section is extremely cross bedded. 

The colors are mostly light, being shades of green, 

yellow and gray. The sandstones are especially well 

developed in the lower half of the section, as over 

61 percent of the 139 feet of sandstone is found 

·within 165 feet of the base of the section. 

FAUNA AliD CORRELATION. 

Several of the limestone beds of the series were 

fossiliferous. A study of these beds was,made in the 

field and identifications were made. Fr.om bed number 

31 at 360 feet above the base of the section, the 

following forms were identified by Dr. Moore: Crinoid 

fragment, Martinia SJ2., Fenestella sp., Spir if er 

rockymorltanus, Griffithides s12., Composita subtilita, 

Straparollus sp., and Bellerophon sp. 

Collection TS was made from the very fossiliferous 

bed number 44 Bnd contains 70 species, many of which 

are representative of the common types in the adjacent 

beds. Collect ion T 9 is shovm as hav i..ng be en obtained 
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from bed number 70, but as a matter of fact, not all 

of the 11 species came from that one bed, but were 

collected from the upper lQO feet of the Pennsylvanian 

beds, from a horizon just below bed number 64 to the 

base of the La Plata sandstone. 

The evidence given by the stratigraphic position 

and the li thologic character of the rocks in this 

section throws little light on the correlation of the 

series with reference to the Pennsylvanian rocks of 

southwestern Color.ado. As has been stated, the· 

lithologic character of the section as a whole, is 

similar to that of the general type of Hermosa sect ions. 

The limestones are inded almost identical in the 

Colorado and New Mexico sections described in this 

paper. The similarity in the character of the sandstones 

is also noticeable, numerous beds of arkose being present 

in both sections, and especially pronounced in the 

Guadalupe. And, knowing its stratigTaphic position, the 
first thought would be to refer the section tbethe 
Hermosa. But as to which division of the Hermosa to 

correlate the series, the above evidence does not 

help to decide. One must rely upon the faunal evidence 

for this correlation. 

Fossil locality T 8 in bed number 44 is 508 feet 

from the base of the section, while locality T 9 is 



TABLE V. Showing Pennsylvanian species from the Rio Guadalupe section a.nd a 
·th th H d R. :f :f C 1 d ~omnar1son w1 · e ermosa an 100 aunas o 0 ora o. 

TS T9 Hermosa Rioo 
PROTOZOA. 

Fusulina cylindric a x L 1~r u - -
COELENTERATA. 

Za:phrentis s:p. x 
Campophyllum torquim ? x u 
Campophyllum sp. x 
Tabulopora Sp• x x 
Chaetetes milleporaceous x M 

EOHilfODERMATA. 
Hydreionoorinus c:f • H. platybasis x 
Eupacbycrinus tuberculatus x 
Crinoid st ems x 
Archaeooidaris sp. x 

BRYOZOA. 
Fistulipora nodulif era x ? 
Fistulipora. sp. 
Fenestella 2 or 3 sp. x 
Polypora 2 or 3 sp. x 
Septopora biserialis x 
Septopora sp. x 
Ptilopora n. Sp• x 
Rhombopora. lepidodendroides x 1r 

BRACHIOPODA. 
Rhipidomella pecosi x 
Derbya crassa x L ]! u - M Meekella striaticost ata ? x 



TABLE V. Cont'd. 
TB T9 Hermosa Rico 

BRACHIOPODA Cont'd. 
Chonetes flemingi var. x L 
Chonetes grenulif er x 
Product us cora x x L u u A 
:Product us hermosanus x M u 
Productus costatus ? x 
Product us gallatinensis x L 
Pustula punctata x ll u 
Pustule. symmetrica x 
Pustula nebraskensis x L M u ? -l'ustula n. sp. x 
Marginifera n. s:p • a. x 
Me.rginifere. n. sp. b x 
Marginifer a haydeneilsis x 
Marginif era. muricata x 
Fugnex utah x 
Spirifer boonensis ? x L M u 
Spirif er rockymontanus :x M 
Spirifer rockymontanus var. x 
Spirifer cameratus x x L L'I u 
Spirif er tr i:plicatus ? x 
Spirif er n. Sp• x 
Dielasma bovidens x 
Squamula.r ia. perplexa. x L r~r u 
Spiri fer ina kentuuk'".rensi s x M -Hustedia mormoni x 
Cleiothyridina orbicularis :Lr 
Composite subtilita x x L i-: u A 
Composlta mira ? x 
Com:posita n. Sp• ? x x 



TABLE V Cont'd. 
T8 ~'~ Hermosa 

PELECYPODA. 
Edfnondia gibbosi x u 
Mucula sp. x 
Pinna peracuta x u 
Myalina subqu.adrata x x u 
Mya.lina wyomingensis x 
Schizodus cuneatus ? x 
Solenomya trepezoides ? x 
Aviculopecten oacid.entalis x u 
Aviculopecten providencesis x 
l~ .. canthopect en carbonif erus x u 
Allerisma terminale x x u 
Pleurophorous subcostatus ? x 

GAST ERO?ODA. 
Phanerotrema cf. P. gra.yvillense ? x -
Bellerophon crassa ? x x J;r u 
Pharkidonotus percarinatus ? x M 
Euomphal us n. Sp• x 
Turbo? sp. x 
Platyceras parvum x L u 

CRUST1l.CEA.. 

Phillipsia major x M 

L, M, U, indicate lower, middle and upper Hermosa respectively. A indicates 
an abundance of the species of the Rico fuana, but (x) merely means the 
specie is present. (This latter applies to the Rico only). 

Rico 

A 

A 
A 
A 

A 

x 
:t{ 
A 

A 

-I-' 
0 
--'1 
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315 feet higher or 823 feet from -the granite. 

Table· V gives the SJ)ecies taht were collected from 

both of these :iocali ties, and for the purpose of 

comparison, it gives the range of these species in 

the Hermosa and Rico formations of southwestern 

Colorado. 

After reviewing the faunal list and studying · 

the comparisons with the Hermosa and Rico faunas of 

the Colorado group, the writer is of the opinion that 

the Guadalupe section is younger ths.n the basal Hermosa. 
and possibly about the age of the middle or upper 

part of the Hermosa. The presence of many forms in 

abundance in the Guadalupe, that are typical upper 

Hermosa or Rico types is noteworthy. With only one 

or two exceptions are forms present in this collect ion 

that are abundant in the lower Hermosa, and it is of 

little significance tbat four of the species that have 

been identified from the Molas of Colorado are also 

present in the Guadalupe section. These species are 

-Rhombopora lepidodendroides, Spirifer boonensis (?), 

Rhipidomella pecosi, and Composita subtilita, and of 

these the Rhipidomella is the only one that has not 

also been identified from the miidle or upper Hermosa. 

The brachiopods are in abundance in the Guadalupe 

collection, but by no means do they form the greater 
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part of the total. 

Chonetes granulifer appears in the Guadalupe 

fauna, but is only known from the top of the Hermosa 

of Sinbads Valley, which is considered younger than the 

San Juan Hermosa. Productus .Q.Q..D!, Pr. hermosanus, 

Pustula punctata and ~· nebraskensis all reach their 

maximum development in the upper Hermosa or Rico and 

are abundant in the Guadalupe collection. Even the 

common and ranging types as Spirifer cameratus, 

Squamularia perplexa, and Composita subtilita reach 

their greatest development in the middle and upper 

portions of the Hermosa. 

It is also interesting to note the close 

relationship between the Guadalupe and lower Maroon 

fauna of Colorado, which Girty1 believes equivalent 

to the middle and upper Hermosa. Ma.rginifera muricata, 

Pugnax utah, Dielasma bovidens, Hustedia morrnoni, 

though not known in the Hermosa, all are plentiful 

in the Maroon. 

1Girty, G.H., Carboniferous formations and faunas of 
Colorado: U.S. Geel. Survey Prof. Paper 16, p.264,1903. 
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The pelecypods furnish considerable evidence 

regarding the age of the Guadalupe series. Of the 

twelve species identified by the writer, not one of 

them has been reported by Girtyl from Colorado lower 

than the upper Hermosa. Five of these species are not 

found in the Hermosa, but of these five, i1tvalina 

wyomingensi s and Pleurophorous sul>co status (?) are 

abundant in the Riao. All the other seven species 

are present in both the UJ?per Hermosa and Rico 

formations, but Avioulopeoten occidentalis, lJyalina 

subguadruta, Sohizodus sp., and Edmondia sp., are 

esDecially plentiful in the Rico. 

The gastropods give little evidence except as 

being of a middle and upper Hermosa type. 

THE SAN JUAN RIVHR SE CTI ON. 

IUTRODUCTION. 

After entering the state of Utah at its extreme 

southeastern corner, the San Juan River flows 

northwest for 25 or 30 miles, and near the mouth of 

Montezuma Creek, turns to the west, flowing in this 

general direction until it empties into the Colorado 

River. Throughout its course in Utah, the San Juan 

passes through narrow valleys, and with the exception 

l Op. cit • p. 258 
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of the first 45 or 50 miles, the valleys are truly 

canyons, in the most cases being over 1000 feet 

deep. As the river cuts across the wide uplift 

west of the Comb Ridge, it eX})oses rocks of 

Pennsylvanian age. Several local folds bring these 

rocks nearer to the surface, and it is in one of· 

these structures that the San Juan River has aut a 

deep gorge, leaving the vertical walls bare and in 

most places inaccessible. 

LOCATIOl~. 

The classic section of the Pennsylvanian rocks 

of the San Juan River region in Utah, is the one 

measured along the Honaker Trail, 1008.t~;d about 

7 miles in a straight line northwest of the Indian 

trading post of Goodridge. Here the Mitten Butte 

anticline, a flat dome of limestone, is bisected by 

the San Juan Canyon (plate VI) whose walls are 

formed of Pennsylvanian strata. These.walls seem 

inaccessible, but early prospectors, with much 

difficulty and labor, built a trail from the top of 

the canyon to water level. Even with the aid of this 

trail, the journey is long, hot snf fatiguing. The 

section has often been studied and has been the feature 



PL TE VI. 

A. he San Juan Canyon, taken from 
t 1e prominent point about half 
way down, loo ,..ing nor th • 

B. A close view of the C~nyon wall. 
The massive beds ere No. 54 and 
53 of the section. 
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of reports by Gregoryland Woodruff~ 

CHARACTER OF THE ROCKS. 

A study of the detailed and graphic section soon 

impresses the faot that the limestones predominate 

throughout, and. that it is only in the upper portion 

that the sandstones are appreciably developed. The 

lower 500 feet of the section is practically a solid 

mass of limestone, the thick massive beds being 

separated by very thin shaly or sandy beds. 

Bea:. 

84 

83 

82 

81 

ao 
79 

Section along Honaker Trail 
on San Juan River. 

Limestone, gray, hard, crystalline. 
Cherty. (Probably Kaibab ) 

Shale, red, sandy, with some thin 
sandstones. 

Sandstone, white. 

Shale, red. Hard crystalline limestone 
1 foot thick at base, and red sandstone 
at top. 

Sandstone, gray, hard, fine grained. 

Sandstone, red, shaly, with thin shale 
at top. 

Feet. 

5 

24 

12 

16 

10 

16 

1Gregory, H.E., The San Juan oil field, Utah: U.S. Geol. 
Survey Bull. 431-a, pp. 11-25, 1911. 

2Woodruff, E.G., Geo logy of the San Juan oil field, Utah:. 
U.S.Geol. Survey Bull. 471-a, pp. 76-104, 1912. 



Bed. 

78 

77 

76 

75 

74 

73. 

72 
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Limestone, gray, sub-crystalline. 
Top of tra~l. 

Shale.!~c:r.ed, sandy. Interbedded with 
hard red, limy sandstone. 

Limestone, light gray, sandy. Contains 
fossil gastropods. 

Sandstone, red and purplish, shaly, fine 
grained. Few streaks of gray sand. 

Sandstone, hard, massive, Calcareous, 
Cross-bedded. Weathers rough and forms 
massive outcro·ps. Similar to No.72 & 73. 

Sandstone and shale interbedded. Thin and 
soft beds. 

Sandstone, massive, hard, cross-bedded. 
Limy at top. 

71 Line stone, dull red, sandy, heavy bedded, 
prominent heavy outcrop. 

70 

69 

68 

67 

66 

65 

54 

Shale and sandstone, brick red, mostly 
soft with thin streaks of green shale. 
(This bed is the lowest horizon in which 
the red color is evident 0 . .-

Shale, purple and gray. Soft and sandy, 
interbedded with hard purplish gray 
limestone. 
Limestone, purplish gray. 

Shale, reddish, sandy. 

Limestone, da~k gray, thin bedded. 

Sandstone and shale, reddish and purple. 
Soft. 

Limestone, thin bedded and nodular. 
Cherty at top. 

Feet. 

19 

56 

5 

~8 

12 

4 

20 

16 

28 

2 

3 

8 

28 

10 



(114) 

Bed. Feet. 

63 Sandstone, shaly, or sandy 'lime , grey 
and earthy. 3 

62 Limestone, dark gray, hard, sub-crystalline 
numerous Spirifers colored red. 7 

61 Sandstone, purplish red. Five beds of about 
2 feet thickness overlain by purplish 
sandy shale , near top nodular. 24 

60 Shale, soft, sandy, light gray to white. 
Near middle contains a bed of dark brown 
limy shale. 23 

59 Limestone, fossiliferous. Crinoid stems 
with some comminuted shells. 4 

58 Shale, gray, sandy. Fossiliferous. 7 

57 Limestone, gray, granular, massive, 
Crinoid fragments. · 6 

56 Shale, gray and brown, sandy. 6 

55 Limestone, blue-gray, fine grained, 
crystalline beds, massive. Coutains 
Allerisma and Edmondia. 3 

54 Li~estone, bluish to dark brown. Fine 
grained, thin beds . of pink sandstone. 
Somewhat shaly. 25 

53 Lime stone. Dark gray, fine grained, thin 
nodules of flinty chert. Massive, prominent 
bed. Cornminuted shells. 38 

52 Shale, reddish, sandy, partly covered. 
Dark gray to black shale at top. 13 

51 Limestone, dark gray, fine grained, 
thin bedded, nodular in ld!ier part. 5 

50 Shale, light gray, partly covered. 22 
49 Limestone, gray, cherty at top. Fossils. 11 



Bed. 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 
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Shale, brovm, sandy. 

Limestone, blue, weathering yellow. 
Massive, nodular, middle part single 
massive layer. 

Shale, brown, sandy, soft. Upper part 
fossiliferous. 

Limestone, blue-gray, fine grained, 
cherty, massive. 

Shale, light gray to white. Calcareous, 
some thin limestones. Soft, not oil 
bearing. Fossiliferous. Chonetes 
mesolubus. 

Limestone, gray, coarsely granular. 
Massive, sparingly fossiliferous. 

Shale, light gray, soft. Fossil fragments. 

Limestone, drab-gray, massiV.e. Cherty near 
top. Contains numerous crinoid fragments. 

Limestone, gray, fin~ grained. Beds of 
medium thickness. 

Shale, gray, soft and sandy. 

Limestone, dark gray, very fine grained, 
dense, subconcoidal fracture. Weathering 
in single massive layers. Prominent bed. 

Sandstone, gray, soft. Fine grained, 
shruy at base. 

Limestone, blue gray, fine grained, dense, 
single massive layer. 

Shale, grey, soft, fine grained, sandy. 

Sandstone, gray, fine graine.d, dense. 

Feet. 

5 

10 

22 

3 

45 

17 

14 

6 

5 

11 

9 

12 

10 

16 

20 
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Bed. Feet. 

33 

32 

31 

30 

29 

28 

27 

26 

25 

Shale (?) Covered. Contains 6" bed of 
blue fossiliferous limestone. 

Limestone, dark bluish-gray. Prominent 
bed. Abundant Fusulina. 

Shale, greenish drab, earthy. 

Sandstone, light gray, weathering 
yellow. 11fassi ve. 

Limestone, dark gray, fine grained. 

Shale, limy, mostly covered. 

Shales and limestone interbedded. 
Limestone, light gray and fossiliferous. 

Limestone, dark gray, fine grained. 
Crinoidal fragments. Fossiliferous at 
top. 

Sandstone, yellowish and gray. Single 
massive layer. Cross-bedded. 

24 Li~ stone, dark gray, dense, very massive , 

22 

4 

5 

4 

4 

23 

11 

11 

5 

in part porous, wi,th small chert nodules. 35 

23 Limestone, yellowish, sandy and shaly, 
contains continuous chert bands and becomes 
more massive near top. 17 

22 Limestone, fine grained, subcrystalline, 
massive, forms prominent bed. 4 

21 Shale, gray and sandy. 4 

20 Limestone, drab-gray, subcrystalline, 
very massive and prominent layers. 
Weathering in finely pitted surfaces. 
Contains crinoid fragments. 22 

19 Sandstone, yellowish gray, limy. Softer 
than other sandstorj.es. 7 



Bed. 

18 

17 

16 

15 

14 

13 

12 

11 

( 11 '7 } 

Limestone, blue-gray, massive, contains 
large chert fragments. Crinoid~l. 

Sandstone, light yellow. Fine grained, 
single massive layer. Grades to dark 
gray and almost quartzite at top. 

Limestone, blue gray, very fine grained 
and dense weathering yellow. Thin bedded 
and ·nudular in lower nart to massive in 
upper part. ~ 

Limestone, gray, siliceous, massive 
layers with chert interbedded. Has 
sandstone appearance on weathering. 

Limestone, interbedded with black 
bituminous shale. In lower part the 
limestone is in beds from 6 to 18 
inches thick. 

Limestone, gray, weathers yellow. 
Massive, thick beds, locally abundant 
chert. Entire ~ormation weathers in 
slabby surfaces, beds being 1 to 3 
feet thick, making nearly vertiaa.l wall. 
Underlies the prominent point in 
middle of canyon. · 

Shale, gray to black. 

Limestone, similar to No. 10 but ·softer. 
Weathers in slope. Comtains Sguamularia 
perplexa and Chonetes granulifer. 

Limestone, gray, fine grained, impure, 
massive. Thin chert nodules in middle 
portion. Prominent layer surmounted 
by talus. · 

Sandstone, light yellowish gra.y, soft. 
Cross-bedded in lower part. Massive and 
harder in upper part. 

Feet :i 

17 

5 

33 

7 

15 

88 

5 

66 

16 

6 
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Bed. Feet. 

8 Limestone, dark gray, weathering 
yellow. Interbedded with shale in 
thin beds. Weathers easily and is 
generally covered with talus. 
LocaJ.ly contains much chert with very 
irregular bedding, and shale thickening 
locally. 60 

7 LiIIE.stone, light gray, fossiliferous. 
Forms long talus ·slope characteristic 
throughout canyon. 38 

6 Limestone, gray, fine grained, dense. 
Crinoid fragments and Fusulina. Beds 
4" to l' in thiclrness interbedded with 
shaly nodular limestone. Form shoulder 
with talus slope above and small shelf 
at base. Thinner bedded than No. 5. 17 

5 Limestone, blue-gray, weathering yellow. 
Fine grained, massive beds l to 2 feet 
thick. Beds weather in slabby black faces. 
Forms a vertical or overhanging wall, 
separated from No. 4 by thin green shale. 
Middle part cherty. Top bed locally varies 
in thickness from 1 to 5 feet. 22 

4 Limestone, dark bl'ue and gray. Fine grained 
very massive. Weathering in 4 or 5 massive 
layers 4 or 5 feet thick. Base forms 
massive wall of canyon. Beds locally 
irregularly arched, suggesting a disconform-
ity. Above, surface exposures are 
somewhat marly. 58 

3 Shale, pinkish to green at top. Soft. 10 

2 

1 

Limestone, . gray-blue. 
but lighter in color. 
as re-entrant at base. 

Similar to No .1, 
Soft bed weathering 

Limestone, fine grained, blue. Beds 6" 
to 1 foot in t~ickness. Lower part 
weathering in flat massive faces. 

Level of San Juan River. 

10 

4 



The San Juan Canyon 
from water-level. 
See -page 119. 

P T VII. 
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The limestones of the ·lower half are almost 

identical. They are massive, blue to gray, fine 

grained and dense, weathering a vertioal walls. Beds 

number 4 and 5, of limestone of this nature, form 

the vertical ·over-hanging wall that is seen in 

plate VIl, just above the talus slope at water level. 

The massive beds shown in plate V»tJl3 a.bou'f othe5center 

of the illustration, are those described as beds 

54 and 53 of _the section. Above bed 69 the limestones, 

sandstones and shales are often colored red, 

contrasting to the lower part of the section w~ich is 

predominately a blue or gray color. The limestones 

are more or less cherty throughout the section. 

The shales of the section are both sa.ndy and 

lirr:w, but few beds are pure shales; the gray, soft 

and sandy type predominating. They are about evenly 

distributed in the beds above the lower massive series 

o:f limestones. In the µpper 300 feet, the shales 

are brick red and purple, and ere in thick beds; 

number 77 for instance is 56 feet thick. Beds number 

12 and 14 contain black and bituminous shale layers, 

but they are comparativemy thin. 

The sandstones, which for the most part are irt 

the upper thfzjd of the section, compose the smallest 

group, being only 20 percent of the total. The color 
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in the upP,er part, especially the upper 300 feet, is 

chiefly red, with the exception of beds 82 and 80 

which are white and gray respectively. In the middle 
-

part of the section the sandstones are entirely yellow 

and gray, and usually are fine grained and in hard,-

massive layers. In several instances the beds fo\rm 

vertical walls and give the impression and appearance 

of limestone. Beds numbered 74, 72, 25 and 9 show 

cross-bedding. The sandstones of this section are 

very different from those found in the Pennsylvanian 

beds of southwestern Colorado and on the Guadalupe. 

The coarse graine.d beds are absent, as are also the 

_conglomerates. In the Hermosa sections discussed in 

this paper, the predominance of the elastic materials 

and the numerous beds of arkose were the outstanding 

features. The Honaker Trail section is conspicuous 

for its thick massive beds of limestone and the total 

absence of arkose or other coarse grained material. 

Lithologically, this section has little in common 

with those of the Guadalupe and Sa.n Juan Mountain 

region •. 
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FAUNA AUD CORRELATIOU. 

Several. scattered .. and meager fossil collections 

were made, . nut no new forms were identified. The 

greater part of the collect ions were identified in 

the field by Dr. R. C. Moore. · Collections have been 

made by Woodruffl and identified by Girty. To the 

evidence obtained from these fossils, the writer can 

add nothing, neither can he r ·e.fute it. The list of 

fossils collected by Woodruff is given below, his 

various collections being combined in one list. 

Pennsylvanian fossils from Honaker Trail Section.2 

Protozoa. 

Fusulina sp. 

Coelenterata. 

Loph~P-hyllum profundum 
Syr in_g_Qpora~. 

Echinod.ermajm. 

Hydreionocrinus sp. 
Archaeocidaris cnatis. 
Archaeocidaris aff. ornatus. 
Archaeocidaris .§E• 
Crinoid stems etc. 

Bryozoa. 

Fistulipora (?) ~· 
Stenouora SJ2. 
Polypora sp. 
Rhombopora lepidodendroides. 

1 -woodruff, E.G., op. cit. p.83-85. 
2 Idem. p. 84. 
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Brachiopoda. 

· Lingulodiscina missouriensi s. 
Rhipidomella pecosi. 
Derby a .§.:Q.. 
Orthot'hetina n.sn. 
Chonetes mesol"Obus. 
Chenet es sp. 
Productus cora. 
Productus semiretioulatus. 
Productus .§..:£• 
Pustula punctata. 
Pustula nebraskensis. 
Marginifera splendens (?) 
Ma.rginifera muxicata. 
Marginifera wabashensis. 
Pugnax osagensis. 
Pugnax rockymontanus. 
Spirifer cameratus. 
Spirifer rockymontanus. 
Suirifer scobinus (?) 
Sguamularia perplexa. 
Ambocoelia planiconvexa (?) 
Spiriferina kentuo:kyensis. 
Spiriferina solidirostris. 
Hustedia mormoni. 
Composita subtilita. 

Pelecypoda. 

Cardiomorpha (?) ~· 
Edmondia. gibbosa. 
Leda arata. 
MOiiOpteria polita (?). 
Myalina perniformis. 
Myalina aff. perattenuata. 
U.yal ina sp • 
Schizodus meekanus. 
Aviculo"Oecten occident alis. 
Aviculopecten §.P..• 
Allerisma terminale. 
Pleurophorus subcostatus (?) 
Pleu.rophorus .§.!!.• 
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Ga.steropoda. 

Bellerophon tricarinatus. 
Bellerophon fill• 
Euphemus carbonarius. 
Schizostoma ~· 
lfat icopsis .§Jl• 
Platyceras parvum. 
A gastropod. 

Woodruff's lowest collection is from a bed 

approximately 50 feet above· the level of the river, 

and ~ontains only two forms, Syringopora sp. and 
Archeocidaris sp, which add little of correlative 

value, because they are not sufficiently diagnostic 

to show that they are not Mississippian. In the grey 

lime stone 104 feet above th e river, the writer observed 

numerous Fusulina, and above that Woodruff obtained 

typical Pennsylvanian species, Chonetes, S:pirifer 

cameratus, Composita subtilita, Squamularia perplexa, 

and Marginifera muricata, from a thin,nodular, gray 

sandstone, about 175 feet above the river. Above this 

horizon to the top of the trail, the other species 

given in the list were found, indicating unquestionably 

the Pennsylvanian age ofJ::. the beds, and establishing 

their relation with the Hermosa of Colorado. 

Bed number 4 of the section presented in this 

paper, was noted to be slightly arched in places, . 

suggesting a disconformity. This bed is about the 
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same horizon from which Woodruff obtained the 

Syringopora and Archeocidaris species. Below this 

bed there. have been no fossil collections to indicate 

the age of the rocks-. The magnitude and importance 

of the disconformity is uncertain, and it may be only 

a local warping. But these facts combined with the 

character of the rocks, suggest the possibility that 

the basal 40 or 50 feet of limestone might be of 

Mississippian age and probably the equivalent of the 

Ouray limestone of Colorado. 

The fauna of the Honaker Trail Pennsylvanian 

is very similar in a great many ways to that of the 

Hermosa of Colorado and the Pennsylvanian of the 

Rio Guadalupe. However, there are many different 

forms in the above named groups, each group containing 

genera Bl'.ld species that are not common to the other. 

Of the 39 different genera in the Honaker Trail fauna, 

28 are found in the Guadalupe fauna, and 30 in the 

Hermosa and Rico collections of southwestern Colorado. 

The number of species in common is smaller however, 

for of a total of 56 species which are found in the 

Honaker Trail group, 20 of the Guadalupe and 25 of the 

Hermosa and Rico species are in common. It is believed 

by the writer that the similarity in the faunas is 

sufficient to correlate the Pennsylvanian beds of the 
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Honaker Trail section with those, at least in part, of 

the Guadalupe River section of New Mexico, and the 

Hermosa of southwestern Colorado. 

GENERAL CORRELATION AND SUMMARY. 

In the discussion of each area the writer has 

attempted to definitely correlate the Pennsylvanian 

rocks of that area with those of the type section in 

the San Juan Mountain region of southwestern Colorado. 

He has shovm the relationship of the Honaker Trail 

section, the Rio Guadalupe section, and the Rio Piedra 

section to the different parts of the Hermosa and to 

the Rico. In the discussion of the correlation of 

the Hermosa beds, (pageu53) their relation to the 

Kansas beds shows them to be much older, the upper 

Hermosa probably being not younger than the Cherokee 

shales of the Des Moines formation. 

The faunal break between the Hermosa and Rico -

is fairly well defined in the San Juan Mountain region 
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of Colorado, but elsewhere, as intimated by the 

Piedra fauna and more strongly suggested by the 

Guadalupe collection, the break is not nearly so 

apparent. The conditions suggest more of a gradual 

and normal transit ion. 

It is true that the top of the Pennsylvanian 

series in the Guadalupe section is not observed, and 

that possibly the younger red beds a.re present elsewhere 

in the region. These beds might contain the typical 

Rico fauna and be distinct from the fauna that the 

writer has. correlated with the middle and upper Hermosa. 

But ·the abundance of the typical Rico pelecypods (and 

which do not appearin the Hermosa) surely has some 

significance, possibly indicating the introduction 

of the fauna which later becomes, with other forms, 

diagnostic of the Rico. 

THE GRAND CANYON SECTION. 
The correlation of the group to the west is muoh 

more difficult. Since the early expeditions to the 
Grand Canyon of the Colorado, efforts have been made 

to connect the Pennsylvanian rocks of that region 

to those of Colorado and Utah. The results that 

have been obtained follow an extended study of the 

fossils from the localities in the Grand Canyon, Utah, 

new Mexico, and Colorado areas. 
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The studies by Gilbert1 , furnished the first 

adequate description of the Pennsylvanian rooks, or 

Coal Measures as he called them, of the Grand Canyon 

district. About forty years later Darton2, visited 

the area ana_ made further studies of the stratigraphic 

relationships of the Pennsylvanian rocks. Darton 

divieded the groups, that Gilbert defined, into 

separate lithologic uni ts. 

Gilbert recognized the Pennsylvanian age of the 

upper part of the m~ssive limestone series which he 

termed as the Redwall limestone. Regarding this 

group in Kanab Canyon, Gilbert says: 3 

"The Redwall lime stone has, upon fresh fracture, 
a.gray color, and shows its red rust only on 
weather stained cliffs. In its general 
character it is heavy bedded to massive. At 
top, sandstone alternates with the limestone 
for from 200 to 500 fe.et. Through its lovrer 
half, the firms limestone is interrupted by 
occasional shaly sands, which serve to break 
its escarpment into a series of narrow 
terraces; above them stands a sheer, 
perpendicular face, of 800 to 1000 feet. 

1Gilbert, G.K., Report on Geology of portions of Nevada, 
Utah, California and Arizona: U.S. Geol. & Geog. Survey 
west of the lOOth meridian. vol. 3, pp. 157-187, 1875. 

2Darton, U .H., A reconnaissance in northwestern Mev,r 
Mexico and northern Arizona: U.S.Geol. Survey Bull. 
435, pp. 28-36, 1910. 

3Gilbert, G.K. idem. p. 178. 
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The average total thickness is 2500 feet. 
Fossils are abundant near the top, but 
·difficult to find in the lower port ion. The 
lower hmrizon from which I ohtained fossils 
of value is a trifle below the middle of the 
series, and they are doubt~ully referred by 
Mr. Meek, to the lower Carboniferous. The 
:fauna of the upper portion is rich in species; 
and while differing :from that o:f the Aubrey 
limestone, is equally referable to the Coal 
Measures. It includes Platysomus J Phillipsia, 
Nautilus occidentalis, Euomphalus tlike E. 
nodosus, ) X.~urchisonia, Ma.crocheilus, Bellerophon 
crassus, Pleurotoma:cia, Aviculopecten 
interlineatus, A. occidentalis, M.yalina, 
Productus- semireticulatus, P. nebraskensis, 
Spirifer cameratus, Spiriferina (like s. 
kentuckyensisJ, Athyris subtilita, Hempronites 
crassus, Archaeocidaris, Synocladia shumardi, 
and Glauconome, of which list, all of the 
genera and every identified species belong to 
the Coal Measures." 

In considering the distribution and lithologic 

characters of the rocks, Gilbert adds1 j 

"The classification adopted for the Carboniferous 
rocks in the Grand. Canyon is of local value 
only. Seventy five miles to thenwest, in the 
Spring Mountain range, I was unable to correlate 
the series in detail and eastward, from Eanyon 
Creek to CaTilIL'Apache the :progress of a rapid 
transformation can· be traced. The lower, shaly 
portion of the Aubrey sandstone becomes 
interrupted by numerous bands of limestones, and 
red shales appear in the Redwall limestone; and 
in this way the two series approximate in 
character, until the divis'ion can no longer be 
recognized. 11 

Thus Gilbert really was aware of the break in the 

sedimentation that separates the Pennsylvanian and 

1Gilbert, idem. p. 179. 
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llississippian faunas of the Redwall limestone, even 

though he do es not seem to have applied the fact in 

his discussion. The Aubrey sandstone that he speaks 

of ·is now known as the Supai formation and Coconino 

sandstone, and the Aubrey limestone as the · Kaibab 

limestone, all in the Aubrey group. 1 

_In Arizona west of the Grand Canyon, Lee 2 has 

identified the Redwall limestone and divided it on 

lithologic as well as paleontologic evidence. He 

finds in the vicinity of 1lusic Mountain and to the 

south, that the upper Redwal 1 is a massive layer of 

limestone containing Derbya, Composita aff. subtilita, 

Aviculopecten, Myalina congeneris, M. aff. meliniformis, 

and Edmondia §.E.• indicating with little doubt the Coal 

Measures age of the beds. The lower division is 

composed of thin . layers of limestone separated by thin 

clay se·ams, and carrying fossils which Girty -says are 

characteristic. of an Ee-Mississippian fauna, and is 

possibly equivalent to the Ouray limestone of Colorado. 

1 Darton, N.H. op. cit. p. 25. 

2Lee, w. T.,qeologic reconnaissance of a p~rt of 
western Arizona: u.s.Geol. Survey Bull. 352, p.15,1908. 
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It is evident that the divisions made by Lee 

are continued to the east where Gilbertl described 

the Redwall and collected fossils. Noble2 notes that 

the total thickness of the Redwall in Bass canyon in the 

Shinumo quadrangle is 610 feet, and that the bedding in 

the lower portion is thinner than in the upper. Noble 

further state.s3 that the massive beds of the upper 

Redwall limestone, from which Pennsylvanian fossils 

were obtained by Gilbert4 and Lee5, "may be the 

correlatives of the layers of cherty limestone that 

lie at the base of the Supai in the Shinumo region, 

and that the line of separation between the 

Mississippian and Pennsylvanian may consequently be 

the base of the .Supai formation in Bass Canyon". This, 

if true, would limit the Redwall to the lower and thinner 

bedded limestones as found by Gilbert and Lee elsewhere, 

and extenu the lower limits of .the Supai formation to 

1 
Gilbert, G.K. op. cit~ p.178. 

2Noble, F. L., The Shinumo quadrengle, Grand Canyon 
district, Arizona: U.S. Geol. Survey Bull. 549, 
p. 66, 1914. 

3 Idem. :p. 68. 

4Gilbert, op.cit. p.178. 

5 Lee, op. cit. P•l5. 
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include the upper massive limestone of the Redwall. 

Recent work by Schuchert1 has placed more definite 

emphasis on the theory as advanced by lreble, and also 

added some new and valuable facts. Schuchert2 describes 

the Redwall of the Kaibab quadrangle, which is to the 
,. 

east of the Shinumo, as containing a !Ussissippian 

fauna throughout, and similar to that found be· Lee3 

in the lower laminated beds of the Redwall group in 

western .Arizona. Schuchert did not find any Pennsylvanian 

forms in the Redwall. At the top of the Redwall, - as 

he described it, he recognized a marked disconformity, 

and states4 1
' 

' 
"the disconformi ty is of great importance as 
all of the fossils of the Redwall show early 
Mississippian age, and no later Mississippian 
is found anywhere in Ari.zona.." • 

Sehuchert also finds that the Redwall formation 

as defined by Gilbert, the upper part from which Gilbert 

1 

2 

Schuchert, Charles, On the CarboniferousLof the Grand 
Canyon of Arizona: AmereJour.Sci. 4th. ser. vol. 45, 
pp. 347-361, 1918. 

Idem. p.360. 
3Lee, op. cit. p. 15 
4Schuchert, op. cit. p.358. 
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and Lee collected Pennsylvanian fossils, includes 

500 feet of Uoble 's lower Supai formation of the 

Kai ba b quadrangle. To the we st where Gilbert and Lee 

collected fossils, the lo~ver Supai of Noble increases 

in limestone character, becoming massive limestone 

like the Re,dwall. Schuchart has traced this massive 

Pennsylvanian limestone from the Shinurno quadrangle 

to the east, and: found that it changes to shales and 

muddy sandstones which lie above the erosional 

unconformity at the top of the Redwall in the Kaibab 

· quadrangle • 

Thus the evidence of Noble, Lee,and Schuchert, 

places the ma;,Ss ive limestones, from which an 

absolute Pennsylvanian fauna has been obtained at the 

base of the Supai formation. After knowing the 

character of the beds it is not difficult to 

visualize the conditions as they probably existed 

_during lower Supai time. The region to the west was 

probably little disturbed at the close of the 

Mississippian, and suffered little erosion, if any, 

and the Pennsylvanian limestones were deposited with 

little change from the Mississippian types. To the ea.st 

and south, the. conditions were much different, the 

Kaibab division being uplifted and eroded to a greater 

extent. During tlii~ time the lower Supai was being 
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deposited in fresh water as deltas or i1ood plains of 

rivers that fronted the sea. A considerable thickness 

of muds and sands was deposited in this rranner during 

the Supai time. The writer believes that the conditions 

that existed to the northwest of the Kaibab division 

as explained above extended to .lthe north, and to the 

northeast to the San Juan River region, the massive 

limestone at the base of the Honaker Trail section 

being equivalent to the upper Redwall, or lower 

Supai of Schuchert. The lower Redwall of the Grand 

Canyon, which is Mississippian in age, is similar to 

the basal 50 feet of strata in the Honaker Trail 

section. 

Schuc:tj.ert1 also describes an unconformity within 

the Supai formation an~ believes it to be· of greater 

importance than the unconformity separating the Supai 

from the overlying Coconino. He finds the Supai beds 

beneath the intra-formational unconformity 'troughed', 

and the sandstone of the older beds sometimes extends 

50 feet into the younger beds. In the younger 

sandstone at the bottom of these troughs, Schuchart 

found numerous plant remains which White identified 

as representing several species of Walchia and others 

1op. cit. p. 355-356. 
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of which he was uncertain, but the whole indicating 

Permian age, or not older than the highest Pennsylvanian. 

Amphibian tracks also were found, but were of little 

value as they were meager and "such as any amphibian 

might make." It seems of value that Gregoryl reports 

the same flora of Walchia from the Moenko:pi (Perm
1

ian?) 

of Little Colorado Canyon with Permiari molluscs. It 

is true that the evidence given by the plant remains is 

very meager. The fossils themselves were poorly 

preserved and it is doubtful whether the plants can be 

considered as diagnostic fossils, especially in the 

differentiation of Penrisyl vanian and Permian beds. But 

their association with Permian molluscs seems to indicate 
~ 

their ~ermian age, and it is barely possible that the 

u:p:per Supai is of Permian age. 

The vvriter has not discussed the fauna as found in 

the Xaibab limestone of the Grand Canyon district, as it 

seems to have no counterpart in any of' the regions that 

have been discussed in this paper. The Kaibab fau.na·has 

a much different facies than any of the western 

Pennsylvanian groups, and is probably more closely 

related to the Asiatic than the American types. 

1Gregory, H.E., Geology oi the Navajo country, a 
reconnaissance in parts of New Mexico, Arizom,,and 
Utah~ U;S.Geol. Survey Prof. Paper 93, p. 31, 1917. 
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Girty believes1 that the Kaibab is of Permian age, 

with no exact equivalent in the Rocky Mountain area, 

but of close relation to the Manzano group of New 

lvrexiao, which in turn is related to the Rico of 

Colorado. The equivalent of the Kaibab in the San 

·Juan canyon region is probably the bed number 84 of 

the writer's section. This bed is very persistent, 

forming a long dip slope of the eastern and northern 

sides of the Mitten Butte anticline. 

SUMMARY. 

This paper discus~es the Pennsylvanian rocks of 
.. 

the San Juan Basin, which included the San Juan Mountain 

region, the Rio Piedra area of Colorado, the Rio 

Guadalupe section in new Mexico, and the Honaker Trail 

~ection in southeastern Utah. 

The area is on the western slope of the Rocky 

Mountains adjacent to the San Juan Basin, which is a 

part of the Colorado Plateau •. 

1Personal communication with Dr. R.C .Moore. 
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The Pennsylvanian rocks of the. San Juan Mountain 

region are divided into the· Malas, Hermosa and Rico 

formations. The Rico is now thought to be possibly 

Permian. 

The San Juan Mountain area. Section of the Molas 

was taken at Ouray; of the Hermosa at Engineer Mountain; 

of the Rico at Scotch. Creek. 

The Mola,s formation is a thin, variable group of 

shales and conglomerate.a, unconfo:runable on the Ouray 

limestone. The Molas is probably widespread ·in this 

area, very persistent· nature. Contains a Pennsylvanian 

fauna of six species. 

The Hermosa formation is the most important group 

of Pennsylvanian rooks. Named was derived from Hermosa· 

Creek in Engineer Mountain quadrangle. Is conformable on 

the Mo las and no apparent unconformity at top. The 

formation is a confused mass of sandstones, arkoses, 

shales and lime stones, but is characterized by the 

predominance of the elastic material~. The sandstones 

often are coarse and arkosio. The limestones are only 

slightly variable. Red beds are absent. The thickness 

is between 1800 and 2000 feet. Because of its variable 

tendency it cannot be subdivided into smaller groups, nor 

the individual beds traced great distances. That the 

Hermosa is of lower Pennsylvanian age is attested by its 
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fossil content. It is older than the Kansas Penn-

sylvanian. 

The Rico formation. It is the lower part of' the 

typical red beds, being ab out 300 feet in thickness • 

Consists of sandstones and conglomerates, with shales 

and sandy fossiliferous limestone interbedded. The 

Rico has little in. common with the underlying Hennosa. 

The age of the Rico has been in doubt ~ver since the 

group was named. The fauna of the formation has not 

been. found elsewhere in .Colorado, but has close 

relation to the Manzano fauna of New Mexico, which 

Girty now believes with little question is Permian,, 

hence he is inclined to believe the' Rico is also 

. Permian. It has genereJ.ly been consi dared as Pennsylvanian. 

The Rio Piedra section. Located east of the 

San Juan Mountain region of the Piedra River. The 

Pennsylvanian beds are exposed by anticlinal fold, and 

are unconformably overlain by La Plata sandstone (Jurassic). 

Li tpologia characters are similar· to Hermosa of type 

section. The Molas is :probably present, unconformable 

on the Ouray. The fauna of the Piedra section indicates 

middle or upper Hermosa age. The writer believes that 

the sedimentation began later in the Piedra region than 

in the San Juan Mountain region. 

The Rio Guadalupe section.Itiis located on the 
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Guadalupe River above Jemez Uew Mexico. Pennsylvanian 

rocks lie o~ the pre-Cambrian granite. La Plata 

sandstone unconformably overlies the Pennsylvanian 

rocks. The beds are similar to the typical Hermosa. 

The arkoses and conglomerates are quite prominent, 

especially in the lower part of the section. The 

limestones are very much like those of the Colorado 

.Hermosa. The fauna is Pennsylvanian without doubt, 

and has been referred by the writer to the upper 

part of the Hermosa. The fauna also contains a large 

number of Rico species. 

The San Juan River or Honaker . Trail section. 

This section is located on the San Juan River a.bout 

seven miles west of Goodridge Utah, and may be seen 

along the trai 1 of the ·same name. The section is 

li thologically much different from the previously 
discussed rennsylvanian groups. Instead of being the 
minor constituent as elsewhere, the limestone is in 

this section the greatest factor. · It forms massive 

beds sometimes in great thicknesses and Mertical walls. 

Pra.cticnlly all of the lower half is limestone, while 

the upper part has a greater proportion of sand.stone. 

The sandstones are very different from the Hermosa 

type, being fine grained, often cross bedded, and 

calcareous. The rocks have little in common with 



(139) 

those of the New Iviexico and Colorado sections 

described in this paper. The fauna lists show 

a distinctive Pennsylvanian assemblage that suggests 

·its relation to the Hermosa series of Colorado. 

-~ slight :possibility that the lower 40 or 50 feet 

of limestone, just above the water level, are of 

Mississippian age. 

In the correlation with the Grand Canyon 

section, the lower Supai, ex-upper Redwall, is 

regarded as carrying the Pennsylvanian fauna first 

reported by Gilbert, thus leaving the Redwali 

limestone as entirely of Mississippian age. 

The fauna of this Pennsylvanian series is very 
\ 

similar to that found in the Honaker Trail series, 

and also is correlated with the Hermosa of Colorado. 

The Kaibab limestone of the Grand Canyon 

district is believed to have its equivalent in the 

San Juan River area in the thin, hard cherty, 

limestone that caps the structure east of the head 

of the Honaker ~rail, and is probably Permian in age. 
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FOSSIL COLLECTIOUS. 

T 1 From bed 3c and 3e, Rio Piedra 
section, Colorado. 

T 2 From bed lfo. 7, Rio Piedra section, 
Colorado. 

T 3 From :Oed No. 11, Rio Piedra section, 
Colorado. 

T 4 From bed No. 14, Rio Piedra section, 
Colorado • 

T 5 From bed No. 16, Rio Piedra section, 
Colorado. 

T 6 From bed No .• 24, Rio l'iedra section, 
Colorado. 

T 7 From bed No. 30, Rio Piedra section, 
Colorado. 

T 8 From bed No. 44, Rio Guadalupe section, 
New Mexico. 

T 9 From bed No. 70 and adjacent beds within 
100 feet vertically, Rio Guadalupe section, 
New Mexico. 
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