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PALEOTECTONIC MAPS OF THE TRIASSIC SYSTEM 
By 

Edwin D. McKee, Steven S. Oriel, Keith B. Ketner, Marjorie E. MacLachlan, 
June W. Goldsmith, James C. MacLachlan, and Melville R. Mudge 

INTRODUCTION 

The purpose of the paleotectonic maps being prepared by 
the U.S. Geological Survey is to provide in graphic form a 
£actual basis £or recognition of ancient tectonic events on a 
nation-wide scale. 

The Triassic system is the second to be studied and de
picted on paleotectonic maps as part of a long-range pro
gram of the U.S. Geological Survey. The first result of this 
effort was a folio report on the ,Jurassic system (McKee and 
others, 1956). Comparable studies are planned for each of 
the other geologic systems. 

Stratigraphic information has been accumulating at an 
ever increasing rate in this country for well over 11 hundred 
years. Countless surface sections have been measured and 
published in journals, but many more remain unpublished. 
The number of described but largely unpublished subsurface 
sections that have been observed in petroleum exploration 
and in drilling for water is beyond estimate. Full use of this 
valuable fund of daJa constitutes an unparalleled potential 
stimulus to both science and the mineral industries. 

The present folio is an effort toward synthesis of avail
able information on the Triassic system of the United 
States. The amount of data examined by seven geologists 
during the time scheduled for this study is shown in the 
References cited, and the Index to localities and sources, 
and on the map of control points (pl. 1). Blank areas in 
western parts of the accompanying maps represent places 
where stratigraphic data are wanting and that remain to be 
studied. Gaps in our kmnvledge, ironically, are greatest 
where Triassic rocks are thickest and where they presum
ably record the most complete history. Abundant problems 
and controversies, described throughout this folio, remain 
to be solved. 

Stratigraphic data used in the preparation of this folio 
were obtained from diverse sources and summarized on 
manual sorting edge-punch cards. A punch card was pre
pared for each formation at each locality. The thousands of 
cards accumulated during studies of the ,Jurassic and Trias
sic systems form a permanent, readily usable ·file of strati
graphic data arranged by State. This file, except for the few 
data obtained in confidence, is available in the U.S. Geologi
cal Survey offices at the Federal Center, Denver, Colo., for 
use by all geologists. 

Maps prepared from stratigraphic data on the punch 
cards show stratigraphic units immediately beneath the 
Triassic system (pl. 2), those above the Triassic system (pl. 
6) , and thi ckn csses of rocks assigned to the Triassic system 
( pl. 5). To depict regional changes in dominant rock types, 
the Triassic system is divided into three major subdivisions 
for representation on lithofacies and isopach maps. The 
subdivisions, used in preparing lithofacics-thickness maps 
(pls. 3 and 4) for this folio, are designated intervals. These 
intervals are units composed of assemblages of members, 
formations, and groups; each interval includes strata be
tween recognizable lithologic horizons which need not and 
commonly do not coincide with equal-time hori,:,ons. As 
operational units for regional facies mapping, the intervals 
used in this folio may approach the characteristics of time
stratigraphic units locally. 

Special illustrations are included to clarify problems and 
regional relations not apparent on the aforementioned maps. 
xfany of the special maps are included on plates 7 and 
8; additional illustrations, such as cross sections, appear 
throughout the folio. 

The £actual maps, published at a scale of 1 :5,000,000, help 
satisfy a need for stratigraphic synthesis. Moreover, to
gether with details from individual sections, they provide a 
basis for interpretive maps (pl. 9). This series of maps on a 
scale of 1 :10,000,000, depicts the writers' views regarding the 
former extent of Triassic sediments, original thicknesses 
where subsequent erosion has removed part or all of the 
record, and other features of regional geologic history. 

The text supplements the maps, which constitute the main 
part of this folio. Its principal functions are to discuss meth
ods of preparing the maps, to define stratigraphic limits of 
the map units, and to point out trends and their probable 
significance. All stratigraphic names used here, both in the 
text and in illustrations, are in current usage by the U.S. 
Geological Survey, except those that are italicized. 

Compilation of stratigraphic information for the Trias
sic paleotectonic maps mis begun in the spring of 1955. 
Data on the Triassic system were accumulated until the 
spring of 1956, although in a few places additional informa
tion was added as late as the fall of 1956. 

This treatise on the Triassic system represer{ts the co
operative efforts of seven geologists. Each geologist has been 
responsible for all stages of compilation £or his assigned 
region, (fig. 1) under the guidance of Edwin D. 1foKee, 
who was responsible for general coordination of the work. 

10~ 200 · -100 600 )files 

FIGURE 1. Index map showin~ areas of responsibility. 

M1c\..P OF CONTROL POINTS (PL. 1) 

The location of control points used in preparation of the 
maps in this paper is shown on plate 1. The accompanying 
index of sources, immediately preceding plate 1, is arranged 
by States in alphabetical order and it lists the source of 
information used for each control point. Locality numbers 
on the map correspond with those on the index and with 
those in the punch-card file and are part of a continuing 
series started with the ,Jurassic study. Thus, not every local
ity number for a given State is on plate 1 for the Triassic 
system. 

Purposes of plate 1 and of the accompanying index are to 
make possible for the reader ( 1) it comparison of data used 
in preparation of this folio with data from other sources, 
(2) an evaluation of the significance and reliability of vari
ous parts of the maps in making interpretations, and (;1) 
the preparation of comparable but more detailed maps of 
local areas, with the addition of available data where de
sired. 

The density of control points on plate 1 serves to indicate 
the relative amount of information available for any area. 
The density of points, considered together with the quality 
of data, makes possible an evaluation of the reliability of 
isopach lines and lithofacies trends. Control points, in gen
eral, are dense in areas where much closely spaced drilling 
has been done. In some places points are too closely spaced 
to be shown on the scale of 1 :5,000,000 used for the factual 
maps of this report. The most closely spaced control prac
ticable is about one point per township. ·where data for 
additional points are available, although not shown, they 
have been studied and compared with data selected for map 
representation. 

The paucity of control points in some areas is also signifi
mmt, for it calls attention to places where additional data 
are needed and where problems are unsolved. Particularly in 
westernmost parts of the accompanying maps, points are so 

widely spaced that interpolation between them is not war
ranted. In such places, isolated points are shown with ex
planatory thickness estimates and rock symbols, but isopach 
lines are not used. 

Control points are very scarce in the west coast region 
where the Triassic sections in this country are thickest. A 
general lack of knowledge concerning these geosynclinal 
sections is unfortunate, for in them is probably recorded the 
most complete sequence of geologic events of any region 
considered. 

Control points in many places represent sections or wells 
that have been described by more than one geologist. Some 
of these alternative descriptions are essentially in agree
ment; some are not. "\Vhere there is disagreement, only one 
interpretation can be shown on the principal maps (pls. 3 
and 4), but some others are shown on plate 8 and are dis
cussed in the text. 
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PALEOGEOLOGIC NIAP (PL. 2) 
Definition and methods.- The geology of the surface npon 

,,hich Triassic sediments were deposited is illustrated in 
plate 2. Color patterns on the map are limited to those re
gions now occupied by Triassic strata. In places, the youngest 
rocks of pre-Triassic age are shmYn beyond the present lim
its of the Triassic, but these are distinguished by means of 
letter symbols without the use of color. Because of the lim
ited extent of the Triassic systein, these additional d:tta are 
useful in regional consicle,rations. The reader is cautioned, 
hm,ever, tlrnt although these youngest pre-Triassic rocks 
may have been exposed at the surface at the beginning of 
Triassic time and not buried by subsequent Triassic deposi
tion, other explanations for their present stratigrnphic posi
tion are equally probable. They may have underhin younger 
pre-Triassic se<hments tlrnt ,,ere eroded before, during, or 
after the Triassic period. 

In constructing the paleogeologic map, plate 2, the ,niters 
have used currently accepted age designations, with fe,y ex
ceptions. Geologic systems, and series of the Permian system, 
are differentiated by color rmtterns wherever recognizable. 
Rocks considered of Guadalupe age, £or example, are shown 
by a different color pattern than that for rocks of Leonard 
age. Pre-Permian rocks are differentiated only into geologic 
systems as indicated by the color used for each. 

Base of Triassic system.-In a few places ,Yhere basal beds 
of the Triassic system are similar lithologically to beds in 
the upper part of the underlying strnJigraphic unit, the base 
of the Triassic commonly is diflicult to establish and may be 
subject to more than one interpretation. Problems of this 
type are summarized in the following discussions of indi
vidual regions. 

A. second problem of the base of the Triassic system is the 
relation of the Permian Ochoa series of west Texas and 
southeastern New Mexico to rocks of ·wyoming and other 
areas. The problem is discussed elsewhere in this paper (p. 
20, col. 5; p. 21, cols. 1-2) . 

A third problem concerns the ages of rocks assigned to the 
Triassic and adjacent systems in Korth Dakota and north
eastern Montana. The correlation problem involved is dis
cussed on page 11. 

ADVANCE SUMMARY 

Stratigraphic units on map.- Rocks underlying the Trias
sic system in the eastern United States are of Precambrian 
age in the south, and mostly of Paleozoic age in the north. 
The Precambrian rocks are principitlly granite or gneiss. 
The Paleozoic rocks are metamorphosed sediments and in
clude qmtrtzitc, slate, and carbonate rock. In the Connecti
cut Valley area, granite bodies thought to be of late Paleo
zoic age (Pennsylvanian?) directly underlie Triassic rocks. 

Rocks underlying the Triassic syst.em in western United 
States are main1y Permian in age. The youngest ( the Ochoa 
series) are in the southeastern part of the "\Vestern Interior 
region where strata of the deep Permian basin are buried by 
Upper Triassic strata. Nortlnvard and northwestward from 
this area, rocks of earlier Permian age underlie Triassic 
strata over most of the region. In the vVest Coast region, 
also, Permian rocks underlie the Triassic system in most 
places. 

Major areas in which rocks older than Permian lie beneath 
Triassic strata are in North Dakota and Montana and in 
western Colorado and northeastern Utah. 

Tectonic feature8.-A large beveled synclinorium in the 
North Dakota-Montana region (}fcKee and others, HJ5H, p. 
3) is indicated by the curving pattern of progressively older 
Paleozoic rocks from south to north (pl. 2). A prominent 
regional anticlinal uplift along the Colorado-l-.:-tah border 
is indicated by rocks that are progressively older toward the 
center. Upper Triassic strata appear to have lapped east
ward, successively burying lower Permin,n and Pennsyl
vanian strata and parts o-f the Precambrian ternrne complex 
that formed the Uncompahgre element, much of ,vhich had 

remained as a high area through late Paleozoic time. Similar 
but smaller positive elements in ·which Upper TI'iassic strata, 
cover or apparently once covered Precambrian rocks, are 
present in several places in Arizona and New Mexico. 

The relative stability, despite gradual subsidence, of much 
of the vYestern Interior region during the time from late 
Permian into Early Triassic is a striking feature. In Ari
zona, 1-.:-tah, and ·western Colorado an erosional surface of 
only slight relief generally separates Lower Triassic rocks 
from those of Permian age. In much of vVyoming and north
eastern Colorado, if any break occurs bet.veen the systems 
it cannot be recognized in most places. In contrast, where 
Upper Triassic strata cover Permian, as in west Texas, evi
dence of regional ,varping preceding erosion is recognized. 

EAST COAST REGION 

By J. C. MacLachlan 

Units underlying Trias8ic.- Units underlying Triassic 
rocks in the East Coast region, plate 2, are projected from 
marginal areas of each trough where relations are known. In 
some parts of the Coastal Plain boreholes have passed 
through the Triassic system, yielding direct evidence of 
rocks beneath Triassic strata. Rock patterns shown on the 
map are confined to areas in which Triassic rocks are present. 

A map by Applin (1951, fig. 1), showing the distribution 
of the pre-Triassic rocks encountered in boreholes of the 
eastern Gulf Coast area and an unpublished manuscript 
by the same author, are sources for a part of plate 2. In 
northern Florida sandstone and black shale of Paleozoic 
age arc present. beneath Triassic('?) rocks. To the north and 
south of this belt of strata, Prec:unbrian volcanic and crys
talline rocks underlie Cretaceous beds. The belt of Paleozoic 
rocks, however, constitutes the mn,jor unit beneath the Trias
sic strata of the Gulf Coastal Plain. 

Beneath the Atlantic Coastal Plain, Triassic beds pene
trated in boreholes lie upon "crystalline basement" (Rich
ards, 1945a, p. 9fi3; 1945b, p. 1200). More than one rock type 
is present in this "crystalline basement," but the contact 
between it and the lithologically distinct Triassic strata is 
easily recognized. 

Several types of pre-Triassic rock underlie the exposed 
Triassic troughs. From South Carolina to Virginia, gneiss, 
schist, and granite, dominantly of Precambrian age, are be
neath Triassic rocks. Korthward from Virginia to Massa
chusetts, metamorphosed rocks of Paleozoic age, .as well as 
crystalline Precambrian rocks, underlie the Triassic troughs. 
The contrast in lithology between Triassic and pre-Triassic 
rocks makes the contact easily recognizable in most places. 

Paleotectonic im,J)lications.- The presence of Paleozoic 
rocks beneath some Triassic troughs has led to the sugges
tion that these troughs originated as valleys eroded in rela
tively soft rock. An analogy has been drawn with the present 
Valley and Ridge province of the Appalachian region; if 
sedimentation were to Lake place there, deposits would ac
cumulate in the topographic troughs. Although a compar
able situation may have existed locally, in much of the East 
Coast area the Triassic troughs seem to show no relation to 
the underlying rock type. Their presence may be attributed 
to faulting, represented in all of them, and to the structural 
grain of the country. 

The strongly unconformable relation of Triassic rocks to 
rocks upon which they were deposited is a feature common 
to all the troughs. Therefore, a long period of erosion pre
ceded deposition of Triassic sediments throughout the East 
Coast area. As a result, local relief varied from one area 
to another, and in some places was rather high. 

SOUTHWEST REGION 

By E. D. McKee 

Units underlying Triassic.-In the soutlnvestern States of 
Arizona, New Mexico, apd Texas, the youngest rocks under
lying those of the Triassic system are commonly referred 
to as the Dewey Lake redbeds, but may include comparable 
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strata of questionable age assigned to the Pierce Canyon the Tessey limestone of the Ochoa series. Farther south pro The San Andres formation underlies Triassic rocks in Triassic rocks (Read and others, 1945; Wood, Northrop, and Triassic beds overlie Permian rocks, the Permian-Triassic 
redbeds by Miller (1955). These units are assigned to the gressively older strata of Permian (Leonard) and Penn most of north-central New Mexico. The upper part of this Griggs, Hl53). unconformity is necessarily different from that farther east. 
Ochoa or highest series of the Permian system. They under sylvanian age are beneath rocks of Early Cretaceous age. unit locally has been separated from the remainder (Read Over wide areas in west Texas and New Mexico where This unconformity has been the subject of discussion in 
lie an area in the extreme southeastern corner of New Mex Northward along the Texas-New Mexico border progres and others, 1945) and named the Bernal formation (Bach discordance between Permian and Upper Triassic beds is more than 30 papers. Regional summaries, together with at
ico and adjacent parts of Texas (pl. 2) that is about 170 sively older strata beneath the Triassic are represented by man, 1953); it disconformably overlies the Glorieta sand not locally apparent, the dominance of red beds in both tempts to interpret its significance, have been presented by 
miles from east to west and 250 miles from north to south. wide belts of the Rustler limestone ( Ochoa series), the stone in parts of northeastern New _Mexico but an interven systems and the paucity of fossils, especially in well sam Dake (1920, p. 66-74), Longwell (1925, p. 93-106), and 
Subsurface data indicate that a tongue of these rocks pro Alibates dolomite lentil of the Quartermaster formation ing limestone unit separates the two farther south. ples, make the boundary between systems difficult to recog McKee, (1938, p. 54-56; 1954, p. 33-36). Throughout north
jects northward in Texas beyond Lubbock and into Castro (Guadalupe series) and red mudstone of the Quartermaster Throughout northwestern New Mexico and northern Ari nize. In some areas a conglomerate at the base of the Trias eastern Arizona the erosion surface at the top of the Permian 
County west of Plainview; the eastern margin extends be formation (Guadalupe series), extending about to the Okla zona, Triassic strata everywhere overlie rocks representing sic system marks the unconformity; however, conglomerates system shows only small relief. Basal conglomerates above 
yond Big Springs in Howard County and the southern homa border. Along a north-northwest line diverging from about the same part of the Permian system. In the western also are developed above the base in many places, so their the break, although present in shallow channels at many 
limit is south of Fort Stockton in Pecos County ( fig. 2). the Texas-New Mexico boundary, figure 4, a more complete and southern parts of this area these rocks are included in usefulness as a boundary marker requires discrimination. A places, are thin and are composed mostly o-f ~mall subangu

the Kaibab limestone, but northeastward, beyond the origi true basal conglomerate is present in Scurry County, Tex., lar pebbles of chert or rounded limestone gravel. No evidence 
nal limits of this formation, the Coconino sandstone, the where it has been called the Oamp Springs conglomerate by of angular discordance is known from the Arizona area, al
DeChelly sandstone member and the red beds of the Cutler Beede and Christner (1926, p. 16-17), in various places far though examples of Lower Triassic strata resting on beveled 
-formation, respectively, form the top o:f the Permian se ther south in west Texas, and in northeastern New Mexico surfaces of folded Permian rocks are recorded from eastern 
quence and underlie the Triassic. In the southeastern part where conglomerate beds at the bottom of the Santa Rosa Utah to the north (McKee, 1954, p. 35). 
of this area, in the Zuni uplift of New Mexico, rocks under sandstone mark the base of the system. A basal conglomer Paleotectonic implications.- Tectonic conditions evidently 
lying the Triassic are referred to the San Andres formation ate occurs also in parts of north-central New Mexico, where were extremely stable in northern Arizona during and im
and almost certainly are continuous in the subsurface with conglomeratic lenses of the Agua Zarca sandstone member of mediately preceding Early Triassic time; Lower Triassic 
the Kaibab limestone immediately to the west in Arizona. the Chinle formation (vVood and Northrop, 1946) form the strata overlie Permian rocks with little evidence of uncon

The age of the San Andres formation in the Zuni uplift of lowest unit of the Triassic system, and in much of northeast formity. This is shown by the concordant contact between 
northwestern New ~fexico currently is an enigma. To the ern Arizona where· the Shinarump member o-f the Chinle rocks of the two systems and by the shallowness of channels 
southeast, in southeasternmost New Mexico and in adjoining has a similar stratigraphic position. dissecting the Permian surface. In contrast, a few hundred 
parts o-f Texas, the San Andres generally is considered, on Because Triassic red beds rest upon Permian red beds in miles westward in southern Nevada and southwestern Utah, 
stratigraphic grounds, to be of Guadalupe age. To the west many parts of the region, especially in central parts of the narrow valleys, excavated in pre-Triassic rocks to depths 
in Arizona, the Kaibab limestone with which it apparently Permian basin of Texas and New Mexico, many geologists of several hundred feet, were filled with boulders, pebbles, 
is continuous, is considered from faunal evidence (McKee, (Baker, 1915, p. 18-19; Adkins, 1927, p. 28; Adams, 1929, and rubble during either pre-Triassic or Early Triassic time 
1938, p. 169) to be of Leonard age. Assuming that both re p. 1052-1054; Miller, 1955, p. 120-121) have sought local (Longwell, 1921, p. 49; Glock, 1929, p. 333), indicating con
ported ag~s are correct, then the San Andres formation of criteria for distinguishing between rocks of these systems. siderable uplift in that area. To the north, in eastern Utah, 
northwestern New Mexico must either transgress time planes Adkins (1927, p. 28) tabulates ten features "of variable and moderate tectonic activity is at tested both by local angular 
across the St.ate tmvard its type locality in the southeast or uncertain value for the subsurface diagnosis o-f the Trias discordance (Baker, 1933, p. 33; Dane, 1935, p. 43; Mc
represent a lithologic unit distinct from that of the type San sic"; Adams (1929, p. 1052) lists ten criteria, not all the Knight, 1940, p. 61) and by moderately deep channeling 
Andres formation. An indication that this formation trans same as those noted by Adkins, "found useful in separating (Dake, 1920, p. 65) of the underlying surface. 
gresses time planes is found north of the Guadalupe Moun
tains where the San Andres formation is reported (P. B. 

the two systems.:' Most geologists agree that certain features 
of lithology, such as crossbedding, lenses of conglomerate, 

In Texas and most of New Mexico, because rocks of Early 
and Middle Triassic age are missing, it is difficult to date pre

King, 1956, oral communication) to include rocks o:f both and heterogeneous texture of sandstones, are helpful in rec cisely tectonic events recorded by the unconformity at the 
Leonard and Guadalupe age. 

Lower boundary of Tria88ic.-A hiatus o:f moderate mag
ognizing the Triassic, and that gypsum beds are character
istic of the Permian. 

base of Upper Triassic rocks. The broad-scale warping and 
beveling of pre-Triassic rocks, clearly shown in plate 2, 

nitude separates strata o-f Triassic age from underlying for The presence of abundant muscovite and of phosphate however, almost certainly developed during Triassic rather 
mations through essentially all the Soutlnvest region. In grains is generally diagnostic o:f Triassic red beds, and a than Permian time, for where youngest Permian rocks are 
west Texas and adjoining parts of ~ew }[exico where some difference in color- brick red in the Permian, darker red present, they are affected. Moreover, the highest rocks in
of the youngest Permian rocks occur, both Lower and Mid in the Triassic- is commonly used in distinguishing between cluded in the Permian system probably were partly dis
dle Triassic strata are believed absent and Permian beds them. In preparation of sample logs in the Panhandle of sected at that time, as shown by local irregularities in the 
are overlain by those of Late Triassic age. In Arizona, on Texas, B. J. Cunningham (oral communication, 1956) uses Permian-Triassic contact. These irregularities have been 

FrnunE 2. Localities in southwestern States referred to in text. the other hand, Lower Triassic strata lLre present, but the also the presence of pyrite, petrified wood, carbon flecks, or estimated by Adams (1929, p. 1050), on the basis of com

To the north, south, and east of the area underlain by the 
De,vey Lake redbeds, belts of successively older strata lie 
immediately beneath Triassic rocks ( fig. 3). To the west, in 
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sequence of progressively older formations is present di
rectly beneath the Triassic. This sequence includes the Rus
tler limestone ( Ochoa series), ·Whitehorse group (Guada
lupe series), the upper part o:f the San Andres formation 
(Guadalupe series), the lower part of the San Andres for
mation (Leonard series), Glorieta sandstone (Leonard 
series), Sangre de Cristo formation (Wolfcamp series and 
Pennsylvanian), and Precambrian rocks. 

youngest Permian rocks are believed to be o:f Leonard age, 
so more than half of Permian time is unrepresented. In cen
tral and ,vestern New Mexico the hiatus is greater than 
elsewhere, for Upper Triassic strata rest upon rocks of early 
Guadalupe or of Leonard age. 

The unconfotmi'ty below the Triassic is one of regional 
discordance over much of west Texas and eastern New Mex
ico, as illustrated on plate 2 and as described above. Tectonic 
developments responsible for this unconformity ,vere first 

carbonate pebbles as criteria of Triassic age. In the Dela
,vare basin area of southeastern New Mexico and adjoining 
Texas, Miller (1955, p. 116) has made detailed petrographic 
studies, comparing strata a,bove and below the unconformity, 
and lists eight mineralogical differences. In the Three 
Rivers-Oscura area of south-central New 1\fexico, R. F. 
Schmalz (19fi5, p. 18) discusses additional reasons £or plac
ing some red beds in the Permian and others in the Triassic 
system. 

parative thicknesses of the Quartermaster formation, to be 
as much as 400 feet in places. 

That broad warping and local sharp deformation of pre
Triassic rocks in New Mexico and Texas occurred during 
Early Triassic time may be inferred -from the large volume 
of detritus in the Moenkopi formation of Arizona and Utah. 
Independent evidence (McKee, 1954, p. 78) suggests that 
much of the sand and mud of the Moenkopi was derived 
from the east and :from a relatively low area. 

Ochoa series (Permian) I Guadalupe series (Permian) 

NW SE 

-----------~---------------
Dockum group {Triassic) 

described in 1916 by Baker (Udden, Baker, and Bose, 1916, 
p. 109) as follows: "The Permitm sea dried up and the 
country became once more subject to erosion. A broad, gen

In southeastern New Mexico and nearby parts of Texas 
the position of the Permian-Triassic boundary is controver
sial. A red shale unit below the Santa Rosa sandstone was 

SOUTHEASTERN COLORADO, SOUTHWESTERN 
KANSAS, AND NORTHWESTERN OKLAHOMA 

FIGURE 3. Diagram showing relations of Triassic rocks to under
lying strata along Latitude 32° from Andrews to Nolan Counties 
in west Texas. Vertical scale and dips greatly exaggerated. 

south central New Mexico, Triassic strata have been removed 
by erosion. 

From west to east between the area of Big Springs, Tex. 
( fig. 3), and the thin eastern edge of Triassic outcrop, Trias
sic strata are underlain by successively older strata, the 
upper and lower parts, respectively, of the '\V-hitehorse 
group of the Guadalupe series. Twenty to forty miles farther 
southeastward, beyond the Triassic margin, still older strata, 
the Blaine formation and the Clear Fork group of the 
Leonard series, form the top of the pre-Triassic sequence, 
which is overlain by Lower Cretaceous rocks. Still farther 
southeastward the youngest pre-Cretaceous rocks are of 
Pennsylvanian age. None o:f these pre-Triassic deposits east 
of the Triassic boundary are labeled on plate 2, however, 
because present stratigraphic relations have been deter
mined by pre-Cretaceous as well as pre-Triassic erosion. 

FIGURE 4. Diagram showing relations of Triassic roeks to under
lying strata from Colfax to Roosevelt Counties in northeastern 
New Mexico. Vertical scale and dips greatly exaggerated. 

An area where Triassic strata rest upon Precambrian 
rocks, east of the Canadian River in southeastern Colfax 
County, N. Mex., is described by Wood, Northrop, and 
Griggs (1953). Two other areas of similfLr stratigraphic rela
tions are recorded in the north-central part of New Mexico. 
One of these is southeast of Cerrito del Lobo in northern 
Torrance County. In this area formations beneath the Tri
assic are described by Read and others ( Hl45) as a north
to-south sequence, consisting of the San Andres formation, 
the Glorieta sandstone and Precambrian rocks. The second 
locality is 12 to 16 miles south of the Colorado-New Mexico 
boundary about midway across the State, in northeastern 

tle folding took place about this time ... also small gen
tle folds were formed in north-central Texas." These events 
are also discussed by Adams (1929, p. 1049), who states 
that in this area "retreat of the Permian sea was followed 
by erosion and local folding." and further (p. 1050) "the 
Dockum series was laid down on the gently-folded beds 
of an eroded and partly soil covered plain." 

Structural discordance between Permian and Triassic 
strata of west Texas and eastern New Mexico is expressed 
only on a very large scale so that angularity between beds 
of the two units is not apparent, £or the most part, in indi
vidual outcrops or across limited areas. Some exceptions are 
in Scurry County, Tex., where "a slight angular unconform
ity" shows in a few places (Beede and Christner, 1926, p. 
17), in Crosby County east of Lubbock, Tex., ,vhere Green 
(1954) reports Triassic sandstones and conglomerates "rest
ing directly on folded and tmncated Permian siltstone" and 
farther south, in the vicinity of the Marathon }fountains 
of Brewster County where King (1931, p. 87) describes the 
Bissett conglomerate of Triassic age as resting on various 

named the Pierce Canyon redbeds (Lang, 1935, p. 262-264), 
but is referred to the Tecovas -formation by some geologists 
(Bates, 1942, p. 46). This red slrnle unit is considered to be 
of Permian age by some, Triassic by others. Original as
signment to the Triassic system was based largely on litho
logic resemblance and stratigraphic position similar to that 
of the Tecovas formation o:f Triassic age in the Panhandle 
of Texas. More recently C. B. Read (oral communication, 
195(-i) has reported that the Pierce Canyon redbeds inter
tongue northward with the Santa Rosa sandstone appar
ently substantiating a Triassic age. Petrographic studies 
by Miller (1955), on the other hand, have sho,Yn that. min
emlogically the Pierce Canyon redbeds are very different 
from the overlying Santa Rosa simdstone, and that the 
Sauta Rosa is essentially like other Triassic beds (Chinle 
formation) with ,Yhich it is associated. The contrast between 
the Pierce Canyon redheds and the known Triassic above 
indicates, according to Miller, different sources. This con
clusion, together with evidence of an erosional surface at the 
top of the Pierce Canyon redbeds (1955, p. 8), causes Miller 

By M. R. Mudge 

Units underlying Triassic.- In southeastern Colorado, 
southwestern Kansas, and north,vestern Oklahoma, rocks 
of the Triassic system assigned to the Dockum group (Sto
vall, 1943, p. 50; McLaughlin, 1954, p. 82-88) everywhere 
rest on rocks of Permian age. Triassic rocks of this area 
are a northern extension o:f more widespread Triassic rocks 
of eastern New Mexico and western Texas ( pl. 2) . 

In much of southeastern Colorado and in part of Cim
arron County, Okla., Triassic rocks rest on the Taloga for
mation, the uppermost Permian unit of this area. This for
mation consists largely of dark-red mudstone with some 
beds of orange-red siltstone. Locally, it contains some fine
grained sandstone and sandy mudstone. 

In parts of central eastern Colorado and in the eastern 
part of Texas County, Okla. (pl. 2), Triassic rocks rest on 
the Day Creek dolomite. The Day Creek dolomite ranges 
from white anhydrite to a tan or pink, finely crystalline, 
dense dolomite. It is 10 to 50 feet in thickness. 

In a small area south of that underlain by the Dewey Lake Rio Arriba County. Sections by Muehlberger (written com Permian strata ,Yith "a downward overlap across nearly to place these red beds in the Permian system. Thus, the age In places other than those referred to above in the north
redbeds, Triassic ( ? ) strata (Bissett conglomerate) form a munication, 1955) shmY the Triassic in this area to be suc 1800 feet of stmta in a distance of 17 miles." Other areas in of the Pierce Canyon redbeds is uncertain at present, and eastern part of southeastern Colorado and in the western 
lobe extending southward into Brewster County from the cessively underlain by rocks of Permian age (Cutler forma which marked discordance is locally appiirent are in New shmrn as Triassic ( ~) in this folio. part of Texas County, Okla., Triassic rocks rest on the 
Triassic basin. These Triassic(?) rocks are underlain by tion), and of Pennsylvanian and Precambrian age. Mexico near Precambrian masses that immediately underlie In Arizona, because Lower Triassic rather than Upper next older rocks of Permian age, the vVhitehorse group (pl. 
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2). In these places the vVhitehorse group is mainly dark The Maroon and Cutler formations are believed correlative Kaibab but approximately equivalent in age to sorne in the stone, chert, and phosphorite and are assigned (Mansfield, 1950, p. 9; Zieglar, 1955, p. 50) a clarifying statement is 
red claystone with some beds of siltstone and sandstone. because of similar stratigraphic position and lithology. upper part of the Park City. This limestone is about 50 feet G. R., 1927, p. 75) to the Phosphoria formation, ,Yhose necessary. All the beds between the Minnekahta limestone 

Lower boundary of Triassic.-In southeastern Colorado, The upper part of the Cutler formation, in southwestern thick in the Confusion Range and is missing sontlnrnrd at type section lies "·ithin the area. The rocks intertongue and the base of the Gypsum Spring formation, as used by 
southwestern Kansas, and northwestern Oklahoma, Triassic most Colorado and southern Utah (pl. 2) tis considered to Minersville, Beaver County, Utah (R. K. Hose and C. A. with and grade latendly into different facies eashYard, Mapel and Bergendahl (1956), are included by the present 
rocks rest upon a disconformity. In southeastern Colorado, be Permian in age (Herman and Sharps, 1956, p. 81-82), Repenning, oral communication, 1957). raising problems of stratigraphic nomenclature through writers in the Spearfish formation. The formation, there
there is little evidence of erosion at this ho'rizon, although but the magnitude of the unconformity separating Permian In Eagle County, Colo., Triassic rocks are underlain by much of "'Wyoming. fore, includes rocks of both Permian and Triassic age. 
in northern Daca County Sanders (1934, p. 864-866) notes and Triassic rocks in this area is unknown. The DeChelly the lower part of the State Bridge formation. North and Dominant rock types across the region are shmvn in gen Problems of stratigraphic nomenclature resulting from 
an irregular surface at the top of the Permian rocks. In sandstone member of the Cutler formation in the Four Cor west of these exposures it nomenclatural problem is involved , eralized form in the accompanying figure 7. The carbona- facies changes ,Yithin the Phosphoria formation and its 
southeastern Colorado and north·western Oklahoma pre ners area may correlate with the upper part of the Coconino for Permian rocks of that region have been assigned to the equivalents are discussed in detail by McICelvey and others 
Triassic erosion has truncated Permian units so that Trias sandstone to the south. Thus it is not younger than Leonard Phosphori.a formn,tion in some pitpers (Bass and Northrop, (1956). 
sic rocks rest on successively older rocks from west to in age, as the Coconino underlies the Kaibab limestone of 1950, p. 151-0-1551) and the Park City formation in others Rocks beneath the Triassic system in 1Vyorning and south
east. Leonard age. The DeChelly may be older. The ages of the ( Sears, 1925, p. 281; Unterrnann and Untermann, 1954, p. eastern Idaho are shmYn on plate 2 to be of Guadalupe age. 

The boundary between Triassic and underlying Permian -Wnite Rim sandstone member anQ. the Hoskinnini tongue of 38- 40). For this reason, rocks between the two areas in The assignment is supported by "\Villiams' conclusion, based 
rocks can be recognized in surface exposures and, with some the Cutler formation have not been determined and are northwestern Colorado are shown as Permian undivided, on analysis of faunas (1956, p. 2858), that. the upper part 
difficulty, in subsurface samples and electric logs. Oriel and therefore shown as Permian undivided on plate 2. and no name has been assigned to them in this folio. of the Park City for1rnition may be of 1Yord (early Guada
Mudge (1956, p. 20) list the following five characteristics IDAHO Lower boundary of Triassic.- The Permian-Triassic con lupe) age or sommvhat. yonnger. He adds, hO\rnver, thatT-----------1by which Triassic rocks can be distinguished from those tact is easy to recognize ,vhere Lmver Triassic rocks overlie this conclusion must remain tentative until ,York on the 
of Permian age : 

I I limestone of Permian age, as in central and ,rnstern Utah immense fossil collections remaining to be studied is comI 
I II 

I 

WYOMING ______ _ (McKee, Hl54, p. 33-36). The systemic boundary is also pleted. Moreover, the more general problem of the Ochoa1. Bedded evaporites are absent in the Dockum group, I 

I ~------7-------- easy to recognize where Triassic rocks overlie alternations series, as discussed on page 20, column 5, and page 21, colalthough locally, anhydrite cements rock in the 
: I Ancestral Rocky Mountain~-, of fine-grained, ·well sorted rock with coarse-grained, poorly umns 1 and 2.upper part of the group. I I high land ( \ sorted rock of the Maroon formation and of lower parts The age assignment of the youngest Permian rocks in2. Mudstones in the Dockum group are brightly varie
I I \ ' 

: of the Cutler formation, as in areas surrounding the Un most parts of the Idaho-1Vyoming region is based upongated, whereas those in the underlying Permian I '--, /

I ,,.-----,.+M___ \j compahgre element. The Moenkopi formation contact with facies relations established by Thomas (1934), Tourtelot(Taloga formation of Cragin) are mainly dark red 
I -~-aroon f, -- upper members of the Cutler formation is disconformable (Hl52), and McKelvey and others (1956, p. 2832), and/ (,,-- , --..., orrnat,onto dark red-brown. 10 '-

~ '-. il11cf":! IJc-o "-....... in southeastern Utah. upon accepted correlations "-ith rocks in adjacent states.3. Grain size in sandstone of the Dockum group ranges UTAH \ ~-1 st'"/')['";, '-..... COLORADO
'-~ l"--........_ oc1re,-e ii ....__ The Permian-Triassic systemic boundary is difficult to Tower boundary of Triassic.- In southeastern Idaho andfrom fine to coarse, whereas in sandstone of the , 

'-.. 
\<o

1::, 
' 

'\ 
.v "1°:"'1t,s;"ss recognize in parts of northern Utah and northwestern Col westernmost YVyoming, the contact bet.ween the PhosphoriaOC'iilTaloga formation (of Cragin) it rarely exceeds that '&,.... \ f'J '11 feet 

I \ -0.,, '-~( Is;,;.,,, orado. A red-bed unit extending ,rnstward from the lower formation and the DimYoody formation is considered theof fine sand. ,;x "sI I o,,.. part of the ·woodside formation, designated as the illacken base of the Triassic system and is easily recognized. East.4. Mica flakes in the Triassic are larger, in general, than I \ ~ [>·•_.. \j ~ 
I \ ~r '-, tire tongue by Thomas (1939, p. 1249), interfingers with Sandstone Limestone and Red beds, cvaporites, ward in 1Yyoming-, hmYever, facies changes "--ithin the Dinthose in the Taloga format.ion (of Cragin), accord dolomite green mudstone 

I I \
\ 

13 ~ ' 
'- limestone beds of the Park City formation of Permian age, woody formation parallel those of Permian rocks, making

I o'<"! ·ing to D. J. Cunningham (oral communication, I '- '-, 50 50 100 Miles 
according to McKelvey and others (1956, fig. 4). Thus, the recognition of the systemic boundary difficult. Despite this

1955). ~--------------------+--- ~">. 0., --~-----
FIGURE 7. Dominant rock tJ'pes of the Phosphoria formation and ofARIZONA NEW MEXICO term "\Voodside formation as used by some geologists in problem, stratigraphers "--orking in vVyoming (Thomas,

5. Fragments of chert are abundant in the lowermost 
50 50 eqniYalent formations of Permian age in \Vyoming and adjoining100Miles this area, includes rocks of both Permian and Triassic age. 1934; Tourtelot, Hl53; Burk, 1956) agree on a lithologic

beds of the Dockum group in western Las Animas areas. Adapted from Sheldon (1956, p. 67).
Because exposures along the southern and western edges boundary at most places. The boundary chosen is not dated,

County, but they are scarce in the upper part of the FIGURE fi. Positive clements that contributed sediment during Trias of the Uinta ]\fountains are sparse, and, at many localities, ceous rnudstone-chert.-phosphorite facies extends into west hmYever, becm1se fossils have not been found in this part
Permian in this area. A similar relationship was sic time, 1;tah and western Colorado. 

incomplete and because descriptions at some localities are ern 1Vyoming, intert.ongning eastward with limestone and of the section in eastern 1Vyorning. ___ IDAHO ----~noted by Miller (1955, p. 120-121) in the Santa Rosa 1 generalized, it is not possible to subdivide the "\Voodside dolomite that are petroliferous in places. Sandstone is dom The Permian-Triassic boundary is placed at the top of
(Triassic) and Pierce Canyon (Permian) forma II 

formation in this area. inant in the facies of northwesternmost ·wyoming and ad H. D. Thomas' Ervay tongue of the Phosphoria formation
tions in the Delaware Basin of Texas and New Mex II I 

The Permian-Triassic boundary is also difficult to rec joining parts of Montana. In central and eastern 1Vyoming, (Thomas, Hl34, p. 1666), "-hich is the Ervay carbonate rock 
Iico. Moreover, Miller lists seven additional criteria, i II ,_______ ognize in the State Bridge area of Eagle County, in north Permian rocks consist mainly of red mudstone but include member of the Park City formation of McKelvey and others

based on microscopic properties that distinguish 
western Colorado. "'Where rock types are described in detail, evaporite beds. Individual beds or tongues of a given lithol (1956, p. 2844) in south-central ·wyoming. 1Vestward and

the Santa Rosa sandstone from the Pierce Canyon I 
I 

this boundary is placed arbitrarily about. 100 feet above ogy, of course, extend across boundaries marking dominant northeastward from this area the bonndary is placed be
formation. I 

I a crinkled limestone at the top of a thin, limy unit and rock types. neath an uppermost, thin evaporite unit of the Goose Egg 
The base of the Triassic system is readily discernible in I ~ 

I • 
bl) 

C may be lithologically equivalent. to the one chosen in The terms Permian and Phosphoria lmve been used syn formation of Burk and Thomas (1956) and directly above 
most of northwestern Oklahoma where sandstone of Trias erI 

I northeastern Colorado (p. 4, col. 2). onymously by some geologists in Wyoming. Most subsur evaporite beds that are thicker and more massive. This 
sic age is considerably coarser than that of the uppermost I Between the State Bridge area and the southern flank face st.ratigraphers ph.ce in the Phosphoria formation rocks stratigraphic horizon can be recognized on the basis of 

Ibeds of Permian age. In parts of southeastern Colorado, I of the Uiiita Mountains, the systemic boundary as recog of the mudstone-chert-phosphorite, the carbonate, and the lithology and electric-log characteristics through much ofUTAH COLORADOlowermost beds of the Triassic system include some mud I nized in this paper is between a predominantly cn,rbonate sandstone facies, assigning the red-bed facies to the Chug Wyoming (Mills, Hl56; McCare, 1956). 
stone interbedded with sandstone. Only locally is the base Paleotectonic implications.- The absence of a widespreadrock, believed to be of Permian age, and a iine-grained, water formation. The name Phosphoria formation is re
of this unit difficult to separate from rocks of Permian age, micaceous, detrital rock considered to be of Triassic age. stricted to the westernmost facies by McKelvey and others angular unconformity beneath the Triassic system through
as generally the unit contains poorly sorted, fine- to me Paleotectonic implication8.-The apparently gradational (1956, p. 2835), who suggest the names Park City forma out Wyoming and southeastern Idaho is noteworthy. Upper
dium-grained, light-colored sandstone that rests directly on nature of strata at: the systemic boundary in northern Utah tion and Shedhorn sandstone be used for the carbonate most rocks of Permian age, despite a range in lithologic 
beds of orange-red to dark-red siltstone and claystone. In and facies, facies the region, are to be lateraland northwestern Colorado implies a continuance of depo sandstone respectively. throughout believed 
Las Animas County a medium- to coarse-grained sandstone equivalents of one another and correlative.sition from the Permian period into Triassic time, although The name Embar was proposed (Darton, 1906, p. 17) 
containing chert grains is used arbitrarily as the lowest 50 fiO 100 Miles the youngest Permian fossils recognized in this region are for a sequence of limestone and cherty limestone beds that A significant hiatus between the Permian and Triassic 
bed of the Triassic. considered of Guadalupe age. was lat.er subdivided into the Dinwoody and Park City for systems in central -'Wyoming is regarded as improbable by

FIGURE 6. Post-Triassic struc-tural features referred to in text. 
In southwestern Utah, to the contrary, a considerable mations (Blackwelder, 1911, p. 452-481). The name was Burk and Thomtts (1956, p. 9), )Iunyon (1956, p. 24), and 

WESTERN COLORADO AND UTAH In central Utah an unnamed limestone of Permian age hiatus is represented by erosion of Kaibab limestone of later applied, loosely, to the red bed-evaporite equivalents by the present writers. Uncertainties regarding possible 
By M. E. MacLachlan underlies the Moenkopi. format.ion and is believed to be Leonard age and incorporation of fragments from it in the of these formations where they are difficult to separate. correlation of rocks in 1:Vyoming ,Yith those assigned to 

younger than the Kaibab limestone at its type location overlying Moenkopi formation. Eastward from this area, The name has since been abandoned (Thomas, 1934, p. 1670; the Guadalupe and Ochoa series in west Texas and south
Units underlying Triassic.- Precambrian rocks underlie 

(McKee, 19154, p. 24). Fossils are similar to those in the the magnitude of the unconformity between Permian and Wilmarth, 1938, p. 683). eash~rn New Mexico also make a hiatus questionable. Evi
the Chinle formation in west-central Colorado and east.

upper part of the Park City formation in northern Utah. Triassic rocks is less apparent. The Goose Egg for,nation is a newly defined unit (Burk dence cited in support of a Permian-Triassic hiatus in cen
central Utah. This area of elevated Precambrian rocks com The distribution of this limestone is shown by the Guada The most extensive hiatus below Triassic rocks in the and Thomas, 1956) proposed for the red-bed and evaporite tral Wyoming (Kmnmel, 1954, p. 168) seems equivocal.
monly called the Uncompahgre was an important positive lupe pattern on the paleogeologic map ( pl. 2), whereas the western Colorado-Utah region is believed to be around the strata equivalent to Darton's Embar formation. These strata In parts of westernmost "\Vyoming, the Phosphoria for
element throughout Triassic time. This and other elements Kaibab limestone in southwestern Utah is shown by the Uncompahgre positive element. The Maroon formation and are the same as the limestone and red-bed tongues described mation is described by Newell and Kummel (1942) as being
shown on figure 5 were prominent in Triassic time; in con Leonard pattern. lower parts of the CutJer formation may represent Penn by Thomas (1934), and, farther east, are the same as the overlain successively by the basal silty unit, the Lingula 
trast, structural features shown on figure 6 are post-Triassic The Park City formation of northern Utah which lies be sylvanian and Wolfcamp time. The Precambrian element gypsum and red mudstone sequence, the Minnekahta lime zone, and the Olaraia zone of the Dinwoody formation. East 
m age. neath Lower Triassic rocks is dated on the basis of prelimi probably ,vas highly elevated when these formations were stone, and the Opeche shale of Denson and Botinelly (1949) , of the 1:Vyoming Range, the basal silty unit is absent and 

Surrounding the Uncompahgre positive element to the nary studies by McKelvey and others (1956, p. 2856-2861). deposited. Thi.ck, poorly sorted material is common to both. Love, Denson, and Botinelly (1949) , and Tourtelot (1953). the Phosphoria formation (fig. SA) directly underlies the 
north, ,vest, and south are conglomerate, arkosic sandstone, The formation is believed to include beds ranging from Wolf Such sediments are not characteristic of other Permian The Ooose Egg forrnation includes beds formerly placed Lingula zone of the Dinwoody formation. Still farther east,
and red beds assigned to the Maroon and Cutler formations. camp to Guadalupe in age, although its fauna as repre formations or of Lower Triassic format.ions in general. in the lower part of the Chugwater forma,t.ion (unrestricted) in the vicinity of Lander and easbrnrd, Permian rocks are 
The Maroon formation, beneath the Moenkopi -formation of sented in Utah largely correlates with the Guadalupe fauna in northeastern 1Vyoming, or the lower gypsiferous se directly overlain by the Olaraia zone of the Dinwoody for
Early and }fiddle ( ? ) Triassic age, lies north of the Pre SOUTHEASTERN IDAHO AND WYOMING

in Texas. The eastern limit of the Park City formation is quence of Robinson, Mapel, and Bergendahl (oral com mation. These observations are cited by Kewell and Kummel 
cambrian rocks, and is considered both Pennsylvanian and unknown. Strata in northwestern Colorado may be equiva By S. S. Oriel munication, 1956), plus the Minnekahta limestone and ( 1942, p. 942- 945) as evidence of successive northeastward 
early Permian in age. The lo-wer part of the Cutler forma lent to this formation or to the lower part of the State Throughout southeastern Idaho and vVyoming, Triassic Opeche shale. Most of the Goose Egg f orrnation is of Per overlap ,vithin the Dinwoody formation and of a hiatus 
tion, beneath the Chinle formation of Late Triassic age, BrUge formation of Permian age (p. 8, col. 4). rocks rest without angular discordance upon rocks of mian age, but it includes beds equivalent to the Dinwoody at the base of the Triassic system. 
extends along the southern border of the Precambrian rocks, In west-central Utah, the Thaynes limestone is underlain Permian age. formation of Triassic age. The data cited above may also be interpreted as evidence 
and is considered by some authors to be of Pennsylvanian by a limestone of Permian age called the Gerster formation. Units undm,lying Triassic.- Rock:s of Permian age m Because the Spearfish formation has been restricted dif of facies change ( fig. 8B). The observations may be ex
and early Permian age (Herman and Sharps, 1956, fig. 4.). The limestone contains fossils younger than those in the southeastern Idaho consist nrninly of carbonaceous mud- ferently in various reports (Condra, Reed, and Scherer, plained as the result of partially contemporaneous deposi-
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tion of the various units at different places, controlled by 
their respective environments, under regressive conditions. 
Directly above the Olaraia zone of Kummel, red beds inter
tongue westward with nonred marine beds higher in the 
Dinwoody formation; these relations are supporting evi
dence that regression continued. Farther east, in east-cen
tral ,vyoming, however, the absence in some places of up
permost units of the Goose Egg formation is interpreted 
(E. K. Maughan, oral communication) as evidence of local 
disconformities near or at the systemic boundary. 

Thus, the passage from Paleozoic to Mesozoic time in most 
of Wyoming probably was marked by continuous deposi
tion, as Spieker ( 1956, p. 1809) has suggested. 

w E w E 

Red beds 

Claraia zone 
/ 

/ 

Lingula zone/ Hiatus 

All{ 

time 

Red-bed facies 
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FIGl:RE 8. Diagrams illustrating interpretations of relations at the 
base of the Dinwoody formation in Idaho and "\Vyoming. A, overlap 
of early deposits by later sediments adapted from Kummel (1954, 
p. 169) ; B, contemporaneous deposits of various facies under 
regressive marine conditions. 

A geosynclinal belt in eastern Idaho is inferred to have 
shifted progressively eastward during Paleozoic and Meso
zoic time (Rubey, 1D55, p. 125). Available evidence in Idaho 
is insufficient to prove that the geosynclinal axis of deposi
tion during Permian time was west of the axis during Early 
Triassic time, although present data favor this interpreta
tion. Permian rocks do not exceed 600 feet in thickness in 
southeastern Idaho (Cheney, 1955, p. 66), whereas they 
thicken severalfold westward (Cheney, McKelvey, and Gere, 
1956, p. 1717) . On the other hand, the Dinwoody formation 
alone exceeds 2,500 feet (Kummel, 1955, p. 70) in south
eastern Idaho, yet only remnants have been found to the 
west ( Youngquist and Haegele, 1955, p. 2081). The posi
tion of the axis of maximum thickness during earliest Tri
assic time is thus unknown in Idaho. Neither Permian 
rocks nor the Dinwoody formation contain coarse detritus 
indicative of proximity to source. 

Except for the presence of phosphorite and the relative 
abundance of chert in the Phosphoria formation, facies rela
tions of the Dinwoody formation and its equivalents some
what resemble those of Permian rocks in 1Vyoming. Bound
aries between various dominant rock types in the Dinwoody 
formation are close to but west of those for corresponding 
Permian rocks ( fig. 7). It is concluded, therefore, that the 
marine invasion represented by Permian rocks continued 
into earliest Triassic time, when it reached a regressive 
phase, accounting for the westward shift of facies 
boundaries. 

NORTHEASTERN COLORADO AND WESTERN 
NEBRASKA 

By M. R. Mudge 

Units imderlying 'I'riassio.- In the area extending from 
the Colorado Front Range eastward about 90 miles and 
southward into northern El Paso County, Colo., rocks con
sidered to be of Early Triassic age overlie Permian rocks, 
apparently in a conformable sequence of red beds and thin 
limestone and dolomite units. These rocks are in the Lykins 
formation, and the assignment of part of this unit to the 
Triassic system is discussed below. 

Lower boundary of 'I'riassio.-The exact base of the Tri
assic system in northeastern Colorado is not known. 

The Lykins formation has long been subdivided into five 
units (fig. 18), each of which has been named by LeRoy 
(1946, p. 30-47) as shown below in parenthesis : a basal red
bed unit (HaTriman shale member), a lower crinkled lime
stone unit (Falcon limestone member), a middle red-bed 
unit (Bergen shale member), an upper crinkled limestone 
unit (Glennon limestone member), and an upper red-bed 
unit (Strain shale member). Not all geologists have agreed 

as to the position of the base of the Triassic system within 
this sequence (McKee and others, 1956, p. 1) but the bound
ary generally has been placed at the top of the upper 
crinkled limestone (Glennon limestone membeT). 

In this folio the base of the Triassic system is placed 
at the top of a thin dolomite unit ( fig. 19) about 90 feet 
above the "upper crinkled limestone." This dolomite unit, 
possibly equivalent to the Ervay limestone tongue of Thomas 
(1934, p. 1666) of the Phosphoria formation of Permian 
age in 1Vyoming, has been traced by T. L. Broin ( oral 
communication, 1956) as far south as Boulder, Colo. South 
of Boulder the dolomite unit has not been recognized and 
in surface sections the boundary is arbitrarily placed 90 
feet above the upper crinkled limestone. 

In subsurface sections, the top of the dolomite unit above 
the upper crinkled limestone is used as the Permian-Triassic 
boundary and it marks a readily apparent lithologic change. 
Red beds beneath the dolomite unit are mainly orange-red 
to bright-red sandstone and siltstone, whereas those above 
the dolomite are mainly red to orange-red mudstone and 
claystone. 

In western Nebraska the base of the Triassic is selected 
at the top of an anhydrite bed that has been correlated 
by electric and sample logs with the upper dolomite unit in 
northeastern Colorado and with the Ervay tongue of Thomas 
.(1934) in ·wyoming. In western Nebraska, mudstone beds 
designated as Triassic in age differ from those of Permian 
age in that they contain scattered grains of amber-colored 
sand (James G. Mitchell, oral communication, 1956). The 
sand generally is coarser grained than that in the Permian. 

In northeastern Colorado, deposition apparently was con
tinuous from late Permian through Early Triassic time. In 
the area containing Lower Triassic rocks no unconformity 
at the base of the Triassic system has as yet been recog
nized. 

MONTANA, NORTH DAKOTA, AND SOUTH DAKOTA 

By J. W. Goldsmith 

Units underlying Triassic.-Rock units directly beneath 
those of the Triassic system in Montana, North Dakota, and 
South Dakota ran~e in age from Devonian to Permian 
(pl. 2). 

In southern Montana the youngest Permian units are 
of several different facies (McKelvey and others, 1956) but 
likely are of about the same age. In the southwestern part 
of Montana these rocks are called the Phosphoria formation. 
In the south-central part, they are assigned to the Embar 
formation by some geologists (Gardner and others, 1945) 
and to the Park City formation by others (McKelvey and 
others, 1956, p. 2827-2829) . In the southeastern part, they 
consist of red mudstone with thin beds of limestone, dolo
mite, and anhydrite that form the lower part of the Chug
water formation, recently designated the Goose Egg forma
tion by Burk and Thomas (1956). The upper part of the 
Phosphoria formation and i.ts equivalents are considered 
to be of Guadalupe age. 

In west-central and southwestern South Dakota, Per
mian rocks underlying Triassic strata are equivalent in age 
to the Phosphoria formation and consist of red mudstone 
and siltstone assigned to the lower part of the Spearfish 
formation. In most places they are capped by anhydrite, 
believed to represent the uppermost Permian rock of this 
reg10n. 

Along a northerly trending belt in the central part of 
the "Williston basin of western North Dakota, eastern Mon
tana, and northwestern South Dakota, Triassic rocks are 
directly underlain by salt assigned to the middle part of the 
Spearfish formation (fig. 9C). In all directions from this 
belt, however, Triassic rocks are underlain by successively 
older mudstone units in the lower part of the Spearfish 
formation. The salt and underlying mudstone units are 
considered, in this folio, to be approximately equivalent to 
the upper part of the Phosphoria formation and of Guada
lupe age. 

vVest, north, and east of the margins of rocks of Guada
lupe age in the ,villiston basin region (pl. 2), Triassic 
rocks are directly underlain by successively older rocks of 
Paleozoic age, which range from the Minnekahta limestone 
of Permian (possibly Leonard) age to limestone of Devo
nian age. North of a band of Permian rocks in southern 
Montana, Lower Triassic rocks are underlain by sandstones 

of the Quadrant formation of Pennsylvanian age and the 
Tensleep sandstone of Pennsylvanian and earliest Permian 
age (Verville, 1957). 

The contact between the Big Snowy group and the Ams
den formation in North Dakota is shown as an angular un
conformity (pl. 2). This relation is supported by detailed 
stratigraphic studies of Anderson (1954) and of Barnes 
( 1953, p. 352, fig. 9). Another unconformity at the base 
of the Big Snowy group is not evident on plate 2 but is 
considered significant by Laird ( 1952, p. 18). 

areas the boundary between the Permian and Triassic sys
tems is difficult to determine because both units consist of 
similar red strata. 

In northern Montana and North Dakota where Triassic 
rocks are directly underlain by rocks of pre-Guadalupe age, 
the boundary at the base of the Triassic system is relatively 
easy to recognize. Limestone, dolomite, and dark-colored 
mudstone characteristic of Mississippian and older rocks 
are particularly easy to distinguish from the red beds of 
Triassic age. 

H. D. Hadley and P. J. Lewis D. L. Zieglar This folio 
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FIGURE 9. Alternate correlations of units in the Spearfish formation in the Black Hills of South Dakota and the Williston basin of 

North Dakota. 

Lower boundary of Triassio.-In southwestern Montana 
the boundary between the Permian and Triassic systems is 
placed at the contact between argillaceous limestone, brown 
siltstone and mudstone of the Dinwoody formation, and 
bedded chert, phosphat~ rock, and black mudstone of the 
Phosphoria formation. In some parts of this region, how
ever, uppermost rocks of the Phosphoria formation of vari
ous reports are quartzitic sandstone or yellow siltstone as
signed to the Shedhorn sandstone by McKelvey and others 
(1956). Evidence of a disconformity between the Permian 
and Triassic formations in this area is not clear. 

In south-central Montana, the contact between Lower Tri
assic rocks of the Chugwater formation and Permian rocks, 
as recognized in this area, is placed at a horizon marked 
by a downward change from red siltstone and sandstone 
to yellow-gray or yellow-brown, calcareous sandstone and 
limestone (Gardner and others, 1945) . 

In southeastern Montana, the Triassic part of the Chug
water and Spearfish formations is, in most places, sandstone 
or siltstone with minor amounts of mudstone and evaporitic 
rocks, whereas the Permian part contains more mudstone, 
is anhydritic, and includes some limestone beds and traces 
of salt. 

In the Williston basin area the upper or Triassic part 
of the Spearfish formation consists mainly of siltstone, and 
where this overlies the middle salt unit considered to be 
of Permian age (fig. 9C), the contact between rocks as
signed to these systems can be recognized. On the other 
hand, where the upper unit of the Spearfish directly over-
1ies the lower mudstone unit, the contact is difficult. to 
locate. In such places the lower boundary of the Triassic 
system is placed at the contact between orange siltstone, 
containing scattered blebs of anhydrite and rounded quartz 
grains above, and reddish-brown mudstone ·with minor 
amounts of orange siltstone and thin beds of anhydrite be
low. Locally a thin conglomerate lies at the base of the 
upper siltstone unit. 

In the Black Hills area of South Dakota and south of 
the southern limit of the salt unit of the Spearfish forma
tion, the top of the Permian system is placed at the top 
of a persistent anhydrite bed believed to be uppermost Per
mian (possibly equivalent to the Eroay tongue as described 
by Thomas ( 1934, p. 1664) of the Phosphoria formation 
in southeastern Wyoming). The position of the Permian
Triassic boundary ·was determined by projecting subsurface 
correlations from this anhydrite unit in eastern ,vyoming 
into South Dakota. 

In some areas in North Dakota the Lower Triassic part 
of the Spearfish formation, ·which is siltstone, rests directly 
on the Opeche shale of Permian (Leonard?) age. In these 

Paleotectonic implications.-In southwestern Montana, an 
apparently conformable relation between the Permian and 
Triassic systems suggests that deposition may here have 
been continuous from one period to the next. The apparent 
absence of rocks of Ochoa age, however, may mean that 
a hiatus of some magnitude is represented. 

In south-central Montana a regional unconformity is 
recognized at the base of the Triassic system because rocks 
directly beneath those of Triassic age are progressively 
older northward, as shown on plat.e 2. A predominance of 
sandstone in Lower Triassic rocks in south-central Montana 
may indicate uplifted terrain north of the margin of depo
sition which, with accompanying erosion, would account for 
regional beveling. 

In southeastern Montana and in central western and south
western South Dakota, no evidence of erosion or of tec
tonic instability during the time immediately preceding the 
Triassic period has been recognized. 

In the Williston basin area, an unconformity between 
Triassic and underlying rocks inferred from subsurface in
formation may be explained in either of the following ways: 
(1) The depositional basin may have become progressively 
smaller from early to late Paleozoic time without an accom
panying uplift in surrounding areas. At the beginning of 
Mesozoic time the basin was enlarged, and Mesozoic sedi
ments overlapped the Paleozoic rocks; or (2) part of an 
extensive basin of deposition of middle and late Paleozoic 
time was destroyed in latest Paleozoic time by uplift to 
the east, north, and west, accompanied by erosion and bev
eling of strata of Paleozoic age. Deposition of Lower Tri
assic sediments was on this beveled surface. 

The first alternative is not supported by evidence of 
change in facies near the margins of the various formations 
of Paleozoic age. Because no shore facies are recognized, 
the original margins of deposition are apparently not rep
resented, as they should be if complete basin deposits had 
been preserved. Possibly the shore facies of many of the 
units of Paleozoic age were removed from these formations 
by successive interludes of erosion, or by widespread re
gional erosion preceding formation of the basin of deposi
tion in Early Triassic time. 

The second alternative is supported by a predominance 
of sandstone in the Lower Triassic strata in southeastern 
Saskatchewan, central Montana, and northeastern North 
Dakota, suggesting possible sources of sediment in adjoin
ing areas during Early Triassic time. Uplift in those areas 
may have been sufficient to account for major beveling. 

The paleogeologic map (pl. 2) shows a major southwest.
plunging synclinorium in western North Dakota and east
ern Montana. Its northwestern limb trends south and west 

in eastern and southern Montana and its northeastern limb 
trends southeast through North Dakota and South Dakota. 
The synclinorium was formed before the earliest Triassic 
deposition, as shown by the unconformity between rocks of 
Paleozoic and Triassic age. Continued sinking during Tri
assic time may account. in part for the present distribution 
of Triassic rocks along the axis of the structure southward 
along the South Dakota-vVyoming border. The same syn
clinorium apparently had an effect upon trends of maximum 
thickness and belts of marine invasion during Jurassic 
deposit.ion (McKee and others, 1956, p. 2-3, pls. 5- 7). 

WEST COAST REGION 

By K. B. Ketner 

Units underlying 'I'riassic.-The Triassic system in the 
,vest Coast region is underlain nearly everywhere by Perm
ian rocks. Although the exact age of most of these Perm
ian strata is uncertain, latest. Permian time probably is 
not widely represented, if at all. 

In southern Nevada the Kaibab format.ion of probable 
Leonard age (McKee, 1938, p. 171) underlies Triassic rocks. 
In northern and western Nevada the underlying forma
tions are the Phosphoria and its equivalents which are, 
so far as known, no younger than Guadalupe age (Williams, 
1956, p. 2857) and the Koipato, probably of Artinskian 
(early Permian) age, according to Wheeler (1939, p. 105). 
In northern California the Dekkas andesite is said to be 
of Guadalupe age (Thompson, Wheeler, and Hazzard, 1946, 
p. 23). In central Oregon, the Coyote Butte formation, 
which underlies Upper Triassic rocks, is early Permian ac
cording to Merriam and Berthiaume ( 1943, p. 158). 

In west-central Idaho and eastern Oregon the lower part 
of the Seven Devils volcanics (Wagner, 1945, p. 4) and the 
comparable Clover Creek greenstone (Gilluly, 1937, p. 21) 
underlie the Triassic system. Fossils of approximately the 
same age as those from the Park City area (Guadalupe 
and older) have been collected from these formations (Wil
liams, 1956, p. 2859). In central Idaho, metamorphosed vol
canic rocks termed the Casto volcanics may be stratigraphi
cally equivalent to the Seven Devils volcanics (Ross, 1934b, 
p. 35). 

Marine fossils of late Permian age are reported by Thomp
son and ,vheeler (1942, p. 703) from 1Vashington; how
ever, most of the ·west Coast region apparently received 
no sediments during the latter part of Permian time. 

Lower boundary of Triassic.-Strata known to be of 
earliest Triassic age are limited to southwestern Nevada. 
Elsewhere in the West Coast region meager available evi
dence indicates that only later parts of the Triassic system 
are represented (table 2). It is tentatively concluded, there
fore, that an unconformity between Permian and Triassic 
strata over most. of the region represents a considerable part 
of Triassic as well as Permian time. 

In southwestern Nevada the Candelaria formation of 
earliest Triassic age lies on the Diablo formation of Per
mian age without appreciable angular discordance (Fer
guson, Muller, and Cathcart, 1953). vVhere Permian ero
sion has removed the Diablo formation, the Candelaria for
mation lies on folded Ordovician strata. 

In southern Nevada the Kaibab limestone of Permian age 
and the l\foenkopi formation of Early and Middle( n Tri
assic age are separated by"... a surface of erosion, without 
visible angular discordance" (Longwell, 1925, p. 97). Re
lief on this surface is locally at least 1,400 feet; however, 
the emergence, according to Longwell, probably was 
". . . small or moderate and the time of emergence rela
tively short" (1925, p. 105). 

In central Oregon, angular unconformit.ies are reported 
between Permian and Upper Triassic beds (Thayer, 1956). 
In northwestern Nevada, unconformities are reported be
tween the Koipato formation of Permian age and the Tobin 
formation of Early Triassic age and the China Mountain 
format.ion of Early and Middle(?) Triassic age (Muller, 
Ferguson, and Roberts, 1951; Ferguson, Roberts, and Mul
ler, 1952). Recently discovered fossils indicate that the 
upper part of the Koipato formation in one place is prob
ably of Triassic age (N. S. Silberling, oral communication). 
If this extension in the assigned age of the formation proves 
to be valid over much of its area of distribution, the an-
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gular unconformity between the Koipato and overlying for Proper use of time-stratigraphic units as defined by the units chosen depend entirely on the purpose and scale o:f of assurance nearly everywhere that they occur m the? ::: 
mations would be evidence of deformation during and not Commission requires much more widely applicable means the maps on which they are depicted. Interval subdivisions / t ::: United States, so that comparison of genetically related 
before Triassic time. of dating rocks precisely than are now available. If the may be of supraformational or subformational dimensions; events can be made between areas.) ::::::: 

I 
:::::

In the Inyo Mountains 0£ southern California, Lower Tri boundary of a time-rock unit is to be defined by a particu they may correspond approximately to a series, to a part ~e iosifed Sources of correlations.-The assignment of rocks to the11r i"~:w ~,,ooo"assic rocks lie on Pennsylvanian and Permian rocks with lar isochronous surface, one must first be able to recognize of a series, to several series, or to parts of adjacent series. Triassic intervals adopted here is based largely on relations/ :::<: \ 

out marked angular discordance. the surface. Because no adequate means are presently known A given interval may, for convenience, include a formation :: shown in the Triassic correlation chart of the Committee 
::-:-:The stratigraphy of the Seven Devils volcanics in west for recognition of such a surface in most places, the Com (or other rock unit) that is correlative with rocks of more t on Stratigraphy o:f the National Research Council (ReesideF 

ern Idaho is virtually unknown. Both Permian and Upper mission's definition is applicable only to ideal time-strati than one interval (for example, Bluff sandstone, McKee - Isochronous 
•••• 

surface/ · . and others, 1957). The writers are particularly grateful to 
..... 

Triassic fossils have been found within the unit (R. S. graphic units, in contrast to practical time-stratigraphic and others, 1956, p. 5). Conversely, it may exclude a forma Interval X the Triassic Subcommittee and to John B. Reeside, Jr., 
Cannon, written communication, 1956) but the field rela units now in use among stratigraphers, as pointed out by tion whose rocks are correlative, in part, with rocks included chairman, for furnishing a manuscript copy 0£ this chart 
tions are structurally complex and not understood. Neither Rodgers (1954, p. 658). in the interval (for example, Nugget sandstone, p. 23). prior to publication. 

Genetically related sequence of rocks depositedthe thickness of the unit nor the position of the base 0£ "(Practical) Time-stratigraphic units" are described The word interval is preferred over other available terms A few interval assignments adopted in the present paperunder marine and marginal conditions 
the Triassic within the sequence is known. (Rodgers, 1954, p. 65g) as "material rock units defined in because it has not been used in a specific sense by strati suggest different age relations than those indicated on the 

No fossils have been found in the Casto volcanics 0£ their type areas by agreement among stratigraphers, else graphers. Moreover, its retention as an unrestricted and correlation chart. These involve certain non-fossiliferous 
central Idaho. Furthermore, the position of the base of where by criteria of (time-) correlation found in the con general term is desirable for discussion o:f a sequence o:f rocks whose stratigraphic positions and relations are un
the Triassic system within this unit, if the system is rep tained rocks; that is, by physical properties, fossil content, rocks, time, or genetic events. / known and subject to disagreement. Problems o-f correlation 
resented at all, is unknown. or radioactive age determinations believed by practicing The informal term "interval" is somewhat analagous to represented by these divergences are reviewed in the dis

FIGURE 11. Diagram of an interval boundary that does not parallel
Paleotectonic implications.- Transition from the Paleo stratigraphers to indicate time-equivalence with the type but not quite the same as "sequence" o:f Sloss, Krumbein, and cussions 0£ each interval that follow.an isochronous surface. 

zoic to the Mesozoic in the ·west Coast region is believed, ... unit." Dapples (1949, p. 110-111) and "format" 0£ Forgotson A second type of problem involved in assignment of rocks 
on the basis 0£ present knowledge 0£ formation ages, to Stratigraphic boundaries required.-The present folio (1957, p. 2110). in figure 12 may be a hypothetical end result. Abundant to intervals concerns numerous thick litho]ogic units in the 
have been a time of interrupted deposition. On the other deals with the Triassic system, clearly a time-stratigraphic The lettered intervals of this folio are thus composite fossils, whose ages are represented by the letters a, b, and c, "\Vest Coast region. Many of these formations include rocks 
hand, judging from the coincidence of Permian and Triassic unit. Boundaries must be recognized in order to separate and somewhat arbitrary but usable units for which a read are evidence that facies cut diagonally across times A, B, of several ages. The components of each formation, how
strata the time was not one of great differential tectonic rocks 0£ this system from those of the adjacent Permian able and intelligible ]ithofacies map may be prepared. Each and C, respectively. Isochronous surfaces between times A, ever, are not known precisely enough to provide a lithologic 
activity except possibly in Oregon. and .Turassic systems and these boundaries are used in de contains a widespread, in places moderately thick, sequence B, and C are shown by broken lines in figure 12. A litho basis for subdivision of the formation into the intervals 

In spite of apparent interruption in sedimentation, many limiting rock sequences shown on the summary isopach map of rocks genetically associated with or dominated by a facies map prepared for a single facies, as for example adopted in this paper. Where a formation of nonuniform 
Triassic strata were deposited under environmental condi (pl. 5). major event in sedimentation. Such an event might be large facies 5, would be of little value because no variations in lithology properly belongs to two Triassic intervals in un
tions similar to those prevailing in Permian time. Rocks gen In the preparation of lithofacies-thickness maps, sub scale transgression and regression, as illustrated in figure 10. lithofacies pattern would be evident. Moreover, it would known proportion, the thickness and lithology are not used 
erally typical of the miogeosyncline 1 were deposited in division of the Triassic system is necessary in order to be grossly misleading because rocks of the facies in the on the interval maps. (However, the total thickness is used 

---+ Area 
eastern Nevada in Permian and Early Triassic time, but make these maps meaningful. The Triassic system, like western part of the area are considerably older than those in compiling the summary map of thicknesses, pl. 5.) As
rocks typical of the eugeosyncline were deposited in western other systems, includes thick sequences of rocks of diverse in the east. Therefore, a lithofacies map prepared for a signment of part of a formation to a given interval is 

Interval ZNevada, California, Oregon, and western Idaho in Late origin resulting from multiple, partly unrelated geologic stratigraphic subdivision that includes several lateral :facies indicated on the isopach map by a plus sign. If the lithology 
Triassic time. events. Preparation of a lithofacies map for an entire sys would be more meaningful. 0£ a formation is uniform, the appropriate lithologic sym

tem, therefore, results in an unintelligible map whose pat w E bol is used because uncertainty as to the position of the 
LITHOFACIES-THICKNESS MAPS terns and trends are difficult to decipher and more difficult interval boundary would not affect the choice of a lithologic 

AND SUBDIVISIONS OF THE to interpret. Dividing a system into smaller, more integrated 
i-= 
E symbol. 

parts for lithofacies representation, on the other hand, re- lndem to formations.-Table 2 lists, in alphabetical order,TRIASSIC SYSTEM 
sults in maps that are more easily understood. The subdivi the Triassic formations o:f the United States. Its purpose 

PROBLEM OF STRATIGRAPHIC BOUNDARIES sions chosen, however, must also be separated by strati is to enable the reader to ascertain the interval to whichi 
graphic boundaries. Because such boundaries are difficult each formation has been assigned, thus indicating the map 
to -recognize consistently across the entire country, the num

~=•m~•~I 
-~m~] ~ 

By S. S. Oriel 
or maps on which its lithology and thickness are shown.

A major problem of preparation of paleotectonic maps Interval Xber of subdivisions is kept to a minimum. The table also shows the area in which each formation is 
is the recognition and correlation of stratigraphic bound To be useful as a tool for recognition of ancient tectonic known to occur. 
aries consistently from one region to another. The problem a given regionevents, distinctive rock units depicted for Generalized correlation chart.- Table 1 is a generalized
affects not only the accuracy of the prepared maps but on a lithofacies map of the United States must bear some 

t 
correlation chart showing Triassic formations in the United 

also an understanding of stratigraphic relations in a given FIGURE 10. Diagram of genetic associations of rocks developed durrelation to those in other regions. Approximate contem States. Relative stratigraphic positions are shown within
ing large-scale transgression and regression, and their use as interregion and the reconstructions of geologic events inferred poraneity is a preferred relation. Ideally, then, subdivisions columns, each 0£ which is made for a large area. Formationsvals.from these relations. In brief, it affects our comprehension of each system should also be time-stratigraphic units re on this chart are arranged in horizontal rows correspond

of the tectonic events in the various regions. cording individual major events. Unfortunately, from this Each lettered interval combines a minimum number of units ing to the three intervals into which the Triassic system is
Rock-stratigra7)hic and time-stratigraphic units.-Dis standpoint a large majority of rock units represented in of unrelated lithology; otherwise, significant features and 

FIGURE 12. Diagram showing choice of interval boundaries (dots) divided in this paper. Few details 0£ correlation are at
tinction between two basic kinds of units, rock-stratigraphic relations would be masked on lithofacies maps. In figureeither measured surface sections or ,vell-bore sections are where lithologic units (solid lines) diverge markedly from iso tempted on the chart; stratigraphic relations such as over
and time-stratigraphic, is essential to consistent recogni not precisely dated. For this reason, attempts to project 10, for example, intervals X, Y, and Z would be shown chronous surfaces (broken lines). lap, facies change, and interfingering are barely suggested
tion of boundaries. isochronous surfaces into these sections involve little more on separate lithofacies-isopach maps; a map that combined and the time span represented by each formation is shown

Rock-stratigraphic units, or rock units, according to the The number of facies shown on figure 12 makes recogthan the subjective guesses of individual stratigraphers, the intervals would be confusing and misleading. only in a general way. For a more detailed analysis of these 
American Commission on Stratigraphic Nomenclature nition of interval Y possible in terms of local lithologicguesses that are not in general agreement. Under the conditions postulated in figure 10, in most features, the reader is referred to Reeside and others (1957).
(1956, p. 2004--2005) "are recognized and defined by ob contacts, as indicated by the upper and lower boundariesIf the paleotectonic maps are to have permanent value, places the lowest rocks of interval Y would probably be In table 1 and throughout this paper, formation, group,
servable, physical features rather than by inferred geo of the interval. The lithologic contacts used as boundariesthey must approach objectivity and reproducibility. They distinguishable from uppermost rocks of interval X. The and member names that have not been accepted for use inlogic history . . . The choice of boundaries may be based differ from place to place across the region and result incan do so only if the stratigraphic subdivisions that they boundary would, therefore, correspond to a recognizable publications of the U.S. Geological Survey are shown inon ... lithologic constituents, or on grain size, electrical a step-like pattern; however, if they are defined adequatelyportray are distinct physical units that can be recognized lithologic contact. Although rocks immediately above the italics. ~o distinction is made between names actually recharacteristics, radioactivity, transmission of seismic waves, for each locality, they can be recognized by other geologists.easily by other geologists. The subdivisions that are most boundary are not of equivalent age in most parts of the 

jected and those for which there has been no occasion forand other properties ... Attention is drawn especially to Possibly more abundant precise dates and finer lithologiclikely to be reproducible-that is, measured in similar ways region, they are nevertheless the lowest rocks of interval 
the point that rock units, defined by lithologic characters subdivisions would increase the number and decrease the official action.with similar results by several geologists-are rock-strati Y. In addition, in most parts of the region the boundary
and geologic relations, commonly do not coincide with units size of the steps marking each boundary. Ultimate precigraphic units. From this point of view, then, the strati between intervals X and Y is an unconformable contact LITHOFACIES-THICKNESS MAPS (PLS. 3 AND 4)that represent particular intervals of time." The formation sion, which at present seems unattainable, would of coursegraphic boundaries preferred are abrupt vertical changes that includes an isochfonous surface and therefore approxi
is the fundamental rock-stratigraphic unit; other units result in integration of the step-like boundaries to form Purposes of map8.-The three lithofacies maps shown onin lithology. mates the boundary .between ideal time-stratigraphic units. 
are group, member, lentil, tongue, and bed. Conspicuous lithologic changes in local sections need not, Under conditions o:f continuous sedimentation illustrated ideal synchronous surfaces. However, with the state of plates 3 and 4 depict the distribution and proportions 0£ 

Time-stratigraphic or time-rock units, on the other hand, and in most places do not, correspond precisely to signifi in figure 11, a given system or series may include rocks knowledge shown on figure 12, interval Y is locally a large dominant sedimentary rock types included in each interval. 
are defined by the Commission (1952, p. 1629) as "material cant horizons in the world-wide, arbitrary time scale divisible into two very different genetic associations. The operational unit that utilizes observable lithologic contacts Isopach lines on each of the three maps show the thicknesses 
units, each of which comprises all rocks formed in an in as boundaries and yet approximates a practical time-strat(Spieker, 1956, p. 1800-1814). In the absence of abundant, lower one may be entirely of marine and associated mar of these rocks; control points from which each map was 
terval of geologic time defined by the beginning and ending igraphic unit regionally.precise dates, however, abrupt vertical changes in lithology, ginal origin; the upper, entirely of continental origin. In constructed are also shown. These points serve as reference 
of deposition or other mode of origin of those rocks con The foregoing three examples illustrate the choice 0£either local or widespread, are likely to be useful as boundary the absence of abundant precise dates, the position of an to the source data and indicate the density of control avail
tained in the type section or otherwise designated type of markers for most geologists. The probability that such sur isochronous surface is not known and can only be inferred. interval subdivisions as usable units for preparation o:f able for determining various features on each map.
the unit.... Although they are material rock units, their faces, marking changes in lithology, diverge from adjacent Under these conditions, separation of the two genetically litho:facies maps. The combined lithofacies-thickness maps are among theboundaries, as extended geographically from the type sec isochronous surfaces is a limitation that must be empha distinct and dominantly noncontemporaneous sequences is 

TRIASSIC SUBDIVISIONS most useful in this report for paleotectonic interpretations.tion, are essentially isochronous surfaces, representing every sized. desirable for lithofacies representation. The contact between Isopach lines depict regions of maximum deposition, trendswhere the same horizon in geologic time; thus, ideally, Interval subdivisions.-Objective summation of lithofacies these subdivisions is locally conformable though regionally The Triassic system is subdivided in this paper into three 
of major troughs, and the present limits of the various subthese boundaries are independent 0£ lithology, fossil con and thickness data, both in the published ,Jurassic folio digitate. The boundary between intervals X and Y is placed parts designated, in ascending order, intervals A, B, and C 

tent, and any other material bases of stratigraphic divi divisions of the Triassic system. Lithofacies symbols in(McKee and others, 1956) and the present Triassic maps, at the observable contact between the different rock types (tables 1 and 2) . For each interval adopted, a combined 
sion." dicate the dominant types of rock that accumulated in thehas required the use of operational subdivisions that differ and therefore diverges regionally from the inferred iso lithofacies-thickness map (pls. 3 and 4) portrays location 

troughs and basins and on the shelves. Consideration of bothfrom currently recognized and named rock-stratigraphic or and extent of sedimentary basins, thicknesses of deposits,
1 The term mioqeosyncline is applied here to the tectonic trough in which moderately chronous surface. 

thick sediments and no or very little volcanic material accumulated; eugeosvncline is applied time-stratigraphic units. Use of interval subdivisions is a If the temporal relations suggested in figure 11 are and proportions of various sedimentary rock types. The lithofacies and thickness trends provides a basis for recogni
to the trough in which exceptionally thick sediments and abundant volcanic material ac
cumulated. purely practical, old and informal technique in which the greatly exaggerated, then the stratigraphic relations shown subdivisions or intervals can be recognized with some degree tion of crustal instability and tectonic events of the Triassic 
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TABLE 2.-Assignment of units to Triassic intervals used in this folio relations, for example, are m11,de obscure by post-Triassic are correlative in large part with the Lower Triassic series ways distinguished in the same way. Rocks described as 
thrust faulting of unknown magnitude and direction and and with the Scythian of Europe, but locally may include siltstone by some geologists, for example, are called sand

Intervals IntervalsStratigraphic units Areas by extensive erosion (p, 18, col. 1). Local erosion of strata of Middle Triassic age because, in some places, series stone by others. These discrepancies in description of fineStratigraphic units Areas 

A B uppermost beds of an interval may result in aberrant litho boundaries have not been located. Formations included in grained detrital rocks result in some anomalous lithofaciesC A B C
1- - ---- -------1- ------ - ---I-- -- - -- facies pat.terns, Moreover, some rock types that form too interval A are sho-wn in tables 1 and 2. The rocks are found patterns on plate 3, figure 1, and thereby mask regional 

Moss Back member of Chinle forma- Utah, Colorado _____ _______ ___Agua Zarca sandstone member of New Mexico __ __ ___ __ ______ ___ X X small a proportion of an interval to be shown on a li.tho only in the region west of eastern North Dakota, north trends.tion. 
Alcova limestone member of Chug-

Chinle f,rmation. 
Wyoming___ ______ _____ _____ .. MoquimemberofMoe.nkopiformation __ Arizona ___ ________ ____ ___ __ __ x facies map may be genetically significant.. Data of this eastern Colorado, and northeastern Arizona (pl. 3, fig. 1). Olimate.- The climate during interval A of the TriassicX 

Mount Toby conglomerate____ ___ ______ Massachusetts ___ _____ _____ ___ 
Ankareh formation. __ _____________ ____ 

water formation. 
Nevada _____ _______ __ ____ _____ X nature are treated in the text and illustrated by special system probably was warm and arid. Aridity is indicated byWyoming, Utah, Idaho ______ _ Natchez Pass format ion______ ___ __ __ ___X X X ADVANCE SUMMARYNewark gronp __ ___ __ ____ ____ ___ ____ ___ Alabama, Florida, Georgia,Applegate group_____ _____ ______ __ ______ Oregon, California. _______ ____ X figures whenever possible. widespread gypsum, marginal to marine deposits and assoX 

Augusta Mountain formation____ ___ ___ Nevada____ ____ ____ _____ ___ __ _ South Carolina, Maryland,X Structural framework.-The structural framework that ciated with red beds in many areas, and by a wide distribuBarren beds_______ ______ ________ ___ ____ Virginia. ________ ____ __ _______ _ Kew Jersey, Massachusetts,X A Base levelBedford Canyon formation __ ______ ____ _ Californi,i___ ______ ___ ________ _ Connecticut, New York,X Shelf controlled deposition of the rocks included in interval A tion of salt cubes preserved in red beds. General warmth 
Bissett conglomerate__ __ ____ __ _______ _ Texas ___ ____ _____ ____ ___ ______ Pennsylvania, Rhode Is
Boacabel boulder beds ____ ____ V!rginfa ___ ________ __ ______ ___ _ 

X Hinge during Early Triassic time, as interpreted from isopach is indicated by an abundance of large reptiles and amland, Virginia, North CaroX
Brock shale __ . ____ ___ ___ ___ . _______ __ __ Callfornia___ , _____ ___ ___ ___ ___ Geosynclinelina.X and lithofacies data, consisted of two principal elements: phibians preserved in continental deposits in many places.

New Haven arkwe___ ______ ______ ___ ____ Connecticut, Massachusetts___Brunswick formation __ __ __ ___ _____ ___ _ Pennsylvania, New Jersey, X X a miogeosyncline west of and an adjoining shelf area eastNew Oxford formation. __________ ______ M aryland, Pennsylvania_____ _New York. X SOUTHWEST REGIONBull Run shale _____ _____ ______ ___ _____ _ Virginia_____ . __-- --. ___ -- - . --- Osobb formation.---- -- --- - -- ------- - - Nevada________ ___ ________ ____X X of a northeast-striking hinge line. No clear evidence of aOtterdale sandstone- - ____ ____ . ___. ___ __ Virginia_________ _____ __ __ _____Bully Hill rhyolite (upper part) ____ ____ Caltfornla__ ______ ___ _________ _ X X /California__ _____ __ __ __ ____ __ 
X 

eugeosyncline west of the miogeosyncline is known. By E. D. McKeeBully Hlll rhyollte (lower part) ______ __ Owl Rock member of Chinle formation_ Utah, Arizona, N ew Mexico __X /Camp Spri'l,va conglomerate ______ _____ __ Texas. __ ____ _____ _____ _-- - ___ _ Panther Canyon formation __________ __ Nevada___ ____ _____ _______ __ __X X The Early Triassic miogeosyncline extended from south Formation included.-Rocks of interval A in the SouthCandelaria formation ______ _ Nevada___________ _____ ___ __ __ Pekin formation_ _____ ____ _______ ____ __ North Carolina . _______ ______ _X 
Cane Spring formation ____________ __ ___ Nevada____ ___ ______ __ __ ____ __ X 

Base level ern California northeastward to southwestern Montana., as west region are confined to the northern part of ArizonaPetrified Forest member of Chinle for- Utah , Arizona, New Mexico __ _X X BCasto volcanics (upper part) ___ ___ _____ Idaho __ ____ _____ ______ ___ _____ _ mation.X 
Platform shown by closely spaced isopach lines representing sections and a small area in western New Mexico. They are referredPierce Canyon redbeds _____ _____ __ __ __ New Mexico, Texas____ ___ __ __ China Mountain formation (upper Nevada ___ ________ ____ _______ _ X 

Pit shale (upper part) ____ _____ _ California_________ . __ _____ __ __ 
X(?) 1,500 to 5,000 feet thick (pl. 3, fig. 1). A northern endpart). X to a single formation, the Moenkopi, The type section of the 

Pit shale (lower-part) ______ __________ __ California____ ______ _____ __ ___ _China Mountain formation (lower Nevada ______ ______ ___ __ __ ____ X Basin (elliptical in plan) Basin (elliptical in plan)X of this trough is indicated by the west,vard curve of iso :Moenkopi formation is near Cameron in north-central Aripart). Poleo sandstone lentil of Chinle form a- New Mexico ____ __________ ___ _ 
Ohin\c formation ___ ________ ____ ______ California, Nevada, Utah , !ion. 

X pach lines in Idaho, resulting from an abrupt northwardX zona, but the formation extends far to the north and 
Popo Agle member of Chugwater for- Wyoming________ _________ ___ _Arizona, New Mexico, X thinning of sections there and in southwestern Montana. northwest in "Ct.ah.matlon.Texas, Colorado. 

Chugwater formation ________ ___ _____ ___ Wyoming, Montana, Colo- X Portland arkose __________ ___ _______ ___ __ Connecticut, Massachusetts__ _ X No evidence of a geanticline either within or west of the Thickness trends.-The eastern margin of the l\foenkopiX 
PortneufmemberofThayne;; limestone Idaho _____ __ ______ __ ____ ____ _rado. X(?) miogeosyncline has been recognized. Marine limestone is formation, sh.own by the zero isopach line on plate 3,Church Rock member of Chinleforma- Colorado, Utah __ ___ _____ ____ _ (upper part) . 

tlon. 
X 

Prida formation __ ___ ___.______________ _ Nevada _______ ______ __ _______ _ 
X the dominant rock type through much of the miogeosyn figure 1, is close to the Arizona-New :Mexico boundary. It isC Base levelCorreo sandstone member of Chinle New M exico ___ ____ ___ _______ _ Productive Coal Aleasures_ __ ____ __ __ __ __ Virginia_____ ______ __ ___ ____ ___X X cline.Raspberry formation _________ _. _______ _ Nevada_______________ ____ ___ _ somewhat west of this boundary in northern Arizona, butformation. X

Crow Mountain sandstone member of Wyoming__ ______ _______ __ ___ _ Redonda member of Chlnle formation __ New Mexico ___ ______ ___ __ __ __X X ~~ Trough A depositional shelf which roughly paralleled the mio swings eastward into New Mexico toward the south. The 
Chugwater formation. Red Peak member of Chugwater for- Wyoming_ ___ _____ ____ ____ ____ x 

Trough geosyncline on its eastern side is indicated by widely spaced present margin is believed, on the basis of stratigraphicC1tl!ua formation (lower part) ______ __ __ Washington__ ______ _____ __ ____ matlon. 
Cumnock formation ___ ____________ __ __ North Carolina __ _______ _____ _ 

X 
Robeson conglomerate____ ____ ____ ---- --- Pennsylvania___ ___ __ ________ _X X isopach lines representing rode thicknesses that range from considerations (:McKee, 1954, p. 5), to be close t.o the origiDeadman limestone____ ____ ________ ____ Idaho _____________ __ _____ ____ _ Rock Point member of Wingate sand- Arlwna, New Mexico_______ __X X near zero to about 1,000 or 1,500 feet. Rocks of this shelf nal depositional margin.Deerfield diabase ___ ________ ___ ___ _____ Massachusetts ____ ___ _____ ___ _ stone. 

Dinosaur Canyon sandstone member Utah, Arizona___ ___ ___ __ __ ___ _ 
X 

Sailor Canyon formation (lowermost California____ ___ ___ _______ __ __X X area are both marine and <:ontinental in the western half, From the eastern edge of the l\foenkopi formation west
of Moenave formation. part). 

Dinwoody formation ___ _______ __ _______ Idaho, Wyoming, Utah, Mon- but largely or entirely continent.al farther east. They conX Salltral shale tongue of Chinle forma- New Mexico ____ __ _______ ____ _ X ward, rocks thicken progressively, as shown by isopach lines, 
tana. !ion. sist mostly of mudstone, but moderate amounts of sandstone to form a great wedge which, in southern Nevada and southDixie Valley formation ____ ____ _______ __ N evada ____ _______ __ ___ ______ _ X Sanford formation_ . ____________ ____ __ North Carolina _______ ___ __ __ _ 

Dockum group ____ ____ _____ ____ __ ___ ___ Colorado, New Mexico, Texas, 
X 

D-=B-"a-'-'sc~l~ev_e~l---- --- - ----::=~"'----  are present, chiefly along the eastenvfoargin in the south western Utah, is more than 2,000 feet thick. The wedgeSanta Monica slate_ - --------- - -------- California__ __________________ _X X 
Oklahoma, Kansas. Santa Rosa sandstone______ _____ ______ _ New Mexico, Texas____ ___ ____ X and along the northern margin. 'thin limestone tongues seems to be the result of both earlier and later depositionDolores formation ____ _ ____ __ ____ ___ ___ Colorado _________ __ __________ _ ==-------~ Positive element ~Sa1tde formation ___ _---- __ -- --- -- __ ----- South Dakota, Montana______X XDun Glen formation ___ ______ ______ ___ _ Nevada_________ __ ___________ _ Seven Devils volcanics (upper part). __ _ Idaho ___ __ _____ ___ --- - _.. _--- - X extend eastward from the miogeosynclinal area as far as in the west than in the east and of a greater rate of sediX 

Elizabeth Furnace conglomerate. mem- Pennsylvania___ ___ ___ _____ ___ Sheep Pen sandstone of Dockum group __ Kew Mexico, Oklahoma, ColX X eastern Utah and east-central ..Wyoming. mentation. Despite irregularly distributed local channels ofber of Gettysburg shale. FIGURE 13. Terms for structural features as used in this paper. 
Embar formation (or group) (upoer Wyoming, Montana____ ___ __ _ X 

orado. 
Shinarump member of Chlnlc forma- Nevada, Utah, Arizona, Col X Evidence is lacking in the "\Vest Coast region that a erosion in the top member of the formation, only negligible

part) . tion. orado, New Mexico. Lithofacies map symbols.-Proportions of rock types eugeosyncline, such as developed later in Triassic time, was amounts of Moenkopi are believed to have been removedExcelsior formation____ __ ___ _______ ____ Nevada . __________ __ ____ ___ __ _ Utah, Arizona____ ___ ______ ___ _Shnabkalb member of Moenkopi for-X X
Favret formation___ ___________ ______ __ Nevada ____ _______ __ __ ____ ___ _ shown on the three lithofacies maps were computed quanti active during deposition of interval A. Exceptionally thick anywhere in the region during post-Moenkopi, pre-Shinamatlon.X 
Gabbs ____ .______ . ___ . ____ _. __ " -- --- - __ Nevada_. ___ _______ __ _____ __ __ Sloan Canyon formation of Dockum New Mexico, Oklahoma, Col-X X tatively. The standard patterns and colors used as symbols sections of Lower Triassic rocks have not been recognized rump (before Late Triassic) time as shown by detailedG!,rtra Grit member of Ankareh forma- Wyoming___ ______ ____ _____ ___ group. orado. 

tion. 
X 

Spearfish formation (upper part)______ _ Wyoming, Nebraska, South for lithologic combinations, however, can be interpreted in that area; the only rock sequences that contain extensiveX studies (McKee, 1954, p. 16) .
Gettysburg shale ______ ___________ _ Maryland, Pennsylvania _____ _ X Dakota, North Dakota, qualitatively and largely without reference to a key. Fur volcanic materials possibly of Early Triassic age (pl. a, Along the present souther n and especially the southwestWyoming___ ______ __ ___ ______ _Goo,e Egg formation (upper part) ______ _ X Montana.Granby tuff ___ _ __ ____ __ _____________ _ ~1assachusetts, Connecticut_ _ Springdale sandstone member of Moe- Utah, Arizona _____ ___ _______ _X X thermore, different combinations of rock appear to gra.de fig, 1) are dated with a high degree of uncertainty. ern limits of the Moenkopi formation, its former distribuNevada____ ____ _____ ______ __ __Grantsville formation _____ _______ _____ _ nave formation. 
Grass Valley formation _____ ____ ______ _ 

X
Nevada______ __ _____ _________ _ into one another, as they do in nature. Positive elements along the southeastern margin of the tion and thickness are unknown because the record has beenStanaker member of Ankareh formation_ Wyoming ___ __ _______________ _X X 

Star Peak formation____ _______________ Nevada__________ ___ ________ __Hampden diabase member of Aferiden Massachusetts, Connecticut___ X Use of four end members or components in the classi depositional area apparently had considerable local influ largely destroyed by erosion. The westward swing of isoX 
formation. State Bridge formation (upper part) _____ Colorado_____ ___ _____ _____ ____ X fication chart that accompanies each lithofacies map may ence on the general relief of the region and they resisted pach lines in southeastern exposures (pl. 3, fig. 1) resultsHaro formation (lower part) ____ ___ ___ _ Washington__ _. --- - - -·· ____ .. __ Stockton formation ______ ________ __ ____ Pennsylvania, New Jersey,X XHigham grit _____ ____ ____ __ _ Idaho, Wyoming_____________ _ X require additional explanation. The chart was prepared downwarping. These elements included the Zuni element in part from removal by erosion of the formation southN ew York. 

Holbrook memb-er of Moenkopi forma Sugarloaf format ion - - --- -- --- - ------ -- Massachusetts ____ _______ _____ 
tion. 

Arizona.- --- ---··- -- --- -- ----·- X X 
X 

instead of a three-dimensional tetrahedron. Possible con in central western New Mexico, the Defiance element in of this area. At least some of this extensive erosion wasSwearinger slate__- . - -- ---- --- . - . -----. California____ ___ ______ __ _____ _ 
Holyoke diabase member of Meriden fcr Connecticut, Massachusetts __ _ Talcott diabase member of Meriden for- Connecticut, Massachusetts ___X X fusion may be avoided by considering the classification as northeastern Arizona, and the Uncompahgre element in accomplished before Cretaceous time as interpreted from

mation. mation. 
Hook ,\fountain lava flow _____ ____ _____ Kew Jersey, New York _______ two charts in one, as illustrated below, Colorado, the latter with an extension into central eastern outcrops of Cretaceous strata on Permian rocks near ShowTecovas formation _--- . --- -- . -------- -- Texas ___ ____________ ______ __ __X X 
Hasselkus limes tone _______ _______ __ ___ California __ ___ __ ____ ___ ______ _ Thaynes limestone________ __________ ___ Idaho, Wyoming, Utah , Mon- XX >((?) The steps in using the chart are included here for readers Utah. AH these elements had positive tendencies, as illus low, Ariz. (stations 1 and 2) . Farther west, the loss ofHurwal formation __ ___ ______ ._ _____ ____ Oregon__ ___ ______ _. _____ ___ __ _ X tana. 

X 
who may wish to adapt it to their own use. After computing trated by prominent westward bulges of isopach lines on record becomes more apparent for in many places only outJelm formation _____________ ___________ Wyoming, Colorado _____ ____ _ Timothy sandstone____ ____ ______ ___ ____ Idaho, Wyoming _______ ___ ____ 

Kaweah series __ _____ ________ _____ ___ __ California__ ___ _________ ___ ___ _ 
X 

Timpoweap member of Moenkopi for- Utah ________ _______ _____ __ ___ XX the percentages of the four components in a measured sec plate 3, figure 1, and were similar to those of late Paleozoic liers of l\foenkopi strata in the form of isolated mesas reLanes tongue of Ankareh formation ___ _ Wyoming, Idaho__ ________ __ __ X mation. 
Lockaton~ formation__ ____ _____________ Pennsylvania, New Jersey ___ _ tion, the steps are as follows: time,Tobin formation ___ ___ __ __ ___ __ -- -- - -- - Nevada ______ ___________ __ __ __ X main as evidence of a former, much greiiter southwardX 
Lower red bed member of Moenkopl Utah ___ ____ _________ ___ ______ _ X Trail formation . _·- ---------- - - · ---- -- Call!ornla_______ ____ _________ _ X 1. The proper horizontal rmv is determined by the total No structural elements of the East Coast region are re distribution. In northwestern Arizona, where the record isTrou,bleaome Creek member of Jelm for- Wyoming___ __ _______ _____ __ __formation. X corded in rocks of known Early Triassic age. Emplacement. almost completely destroyed by recent erosion throughout.Lower sandstont· mcmb,•r of Chinle Arizona, New Mexico___ _____ _ mation.X of detrital components (in percent) . 

Trujillo formation ______ __ ---- --- ---- --- - Texas_______ ____ ____ _____ _____ 
L1tcile series (lower part) ______ ________ Idaho __ ____ ___________ ____ ___ _ 

formation. 
2. (a) If detrital components exceed 50 percent, the of the ,vhite .Mountain plutonic-volcanic series, although a large region, a few thick residual exposures suggest thatTurners Falls sandstone.. ---- --------- Massachusetts ____ ___ ___ ____ __ 

Lukachukai member of Wingate sand- Colorado, Arizona, New Mex-
X 

Unnamed format ion of Dockum group _ Colorado, New Mexico, Texas,X proper vertical column is determined by the pro possibly of Early Triassic age, is more probably of late the original thickness in tlrnt ttrea was comparable in mag
stone . !co, Utah . Oklahoma, Kansas. 

portion of sandstone to mudstone (which includes Permian age (Lyons and others, 1957, p. 540). nitude to the very thick sections in southwestern Utah.Lunlng formation ___ _____ ________ ___ ___ Nevada __ __ ________ _____ __ ___ _ Upper red heel member of Moenkopi Utah _____ ____ ____ --- - ·•- --- - -- X 
Lykins formation (upper part) ___ _____ _ Colorado___ ___ ________________ 

X 
X Origin of sediments.-Source areas for sediment-forming The westward bulge in isopach lines of interval A, cenformation . siltstone and claystone).Vinita beds________ __-----. --- Virginia____ __ ___ ____ ______ ___ _Mahogany member of Ankareh forma- Wyoming, Utah . ________ _____ X X rocks of interval A were apparently to the east along the

tlou . Virgin limestone member of Moenkopi Utah, Arizona_ __ _____ ________ X or tered around the Defiance uplift (fig. 2) of northeastern 
Martin Bridge formation_. ___ ____ _____ Oregon. ___ ______ ____ ___ ___ ___ _ X formation. entire margin from North Dakota south to western New Arizona and extending west.ward at least as far as Grand(b) If detrital components are less than 50 percent,Manassas 8andsto11tL - - __ ___ _______ _____ Virginia_________ __ ___ ______ __ Watchung lava flows __ ___ ____ _______ ___ _ New Jersey, New York ______ _X X 
Meriden formUion ___ _____________ __ ___ _ Connecticut, Massachusetts. __ Wingate sandstone____________ _______-- Utah , Colorado, Arizona, New X the proper column is ascertained by the proportion Mexico, as is illustrated on the paleogeologic map (pl. 2) Canyon (pl. 3), is considered significant. This bulge marks 
Middle red bed m ember of Mocnkopi Utah_ __________ _____________ __ X 

X 
Mexico. where beveling of uppermost Permi:in strata is clearly indi  the position of relatively thin sections of the Moenkopi,of carbonate (limestone and dolomite) to sulfateWinnemu~.ca formation _____ ___ ________ Nevada_____ _____ _______ ___ __ _ 

Milton formation (lowermost part)_____ California________ _____ ___ ____ _ 
formation . 

Wood shale tongue of Ankareh forma- Idaho, Wyoming_____________ _ X 
X 

(anhydrite and gypsum). cated. Over essentially all this region, including areas of compared to those both north and south, and seems to beX 
Mineral King beds __ ___ _____ ____________ California____ _____ __ _____ _____ X tion. positive elements, uplift must have been very slight as related both to the relatively minor sinking of the ancientH. (a) Where detrital sediments comprise 50- 80 percentModin formation ____ ___ ______ _____ ____ _ California_____ .. . __ ______ _____ _ Woodside formation ____ _____ _______ ___ Idaho, Wyoming, Utah, Mon- X 
Moenave formation_______ ___ ______ ___ _ Utah, Ariwna __ ___ ____ ___ ___ _ 

X 
tana . of a section the third row from the bot.tom is used shown by the dominance of mudstone in the shelf areas Defiance positive element and its westward projection (McX 

Arizona __ __ ______ __ _____ ___ ___Moenkopi formation__ _______ ___ ___ California, Nevada, Utah, Wupatki member of Moenkopl formaX X if carbonates exceed sulfates ; the second row from and by the uniformly fine texture of sandstone in the few Kee, 1951, p. 491) and to beveling of a structure developed
Colorado, Arlwna. tion. 

the bottom, if sulfates exceed carbonates. places where it occurs in significant amounts. The only before deposition of the Chinle formation (pl. 3, sec, B-B'). 

or major exception is on the western margin of the Uncom Lithofacies trends.- In Arizona, the proportion of fine
period. A thick accumulation of very coarse detritus, for discussion of paleotectonic implications included in this pahgre element in Colorado where conglomerate is common grained to coarse-grained detrital rocks of interval A, repre(b) "\Vhere detrital sediments comprise 20-50 percent
example, implies active downwarping in the area of deposi paper. In some areas, however, as in the "\Vest Coast region, and moderately coarse, An additional important source area sented by the xfoenkopi formation, increases from east toof a section, the second row from the top is used if
tion and uplift of an adjacent source area. paucity of these data makes only a few generalizations pos

sandstone exceeds mudstone; the third ro,v from seems to have been in central Montana, as indicated by the west as shown by lithofacies distribution (pl. 3, fig. 1).
Some of the structural terms used in this paper in describ sible. Thicknesses reported for some places are incomplete lithofacies pattern on plate 3, figure 1. as studies byThroughout the region, described in earlier 

ing tectonic features evident on the lithofacies-thickness because basal parts of the sect.ions are not exposed, and in 
the top, if mudstone exceeds sandstone. 

In some places an increasing proportion of sandstone in ::\fcKee (1954, p. 39-42), all sand is dominantly very fine 
maps and on the interpretive maps (pl. 9) are illustrated such places proportions of various rock types cannot be com a given direction (pl. 8, fig. 1), however, does not indicate grained. Only in a very small area adjoining the southeastINTERVAL A (PL. 3, FIG. 1)in figure rn. puted but only interpolated. approach to a source area. The rocks in interval A are ern outcrop border does sandstone exceed mudstone. Fur

In many regions, thickness and lithofacies data are abun Some factors other than those described above must be Interval A, as used in this folio, is the lowest of three described simp]y as fine-grained reel beds. "\Vhere claystone, thermore, sandstone is largely confined to two blanket.
dant enough and sufficiently reliable to serve as a basis for considered in paleotectonic interpretations. Original spatial divisions of the Triassic system. The rocks of this interval siltstone, and sandstone are distinguished, they are not al- shaped units that, although of about constant thickness, 
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form increasingly smaller proportions of the formation 
from east to west, and are continuous across the state (pl. 
3, fig. 1, sec. B-B'). In the northwestern part of Arizona, 
shaly mudstone everywhere constitutes a very high propor
tion of the unit, which also includes minor amounts of 
limestone and gypsum. 

Lithologic trends in the Moenkopi formation recognized 
across northern Arizona continue westward and northwest
ward into Nevada and south-western l~tah. Detrital rocks in 
those areas are almost exclusively very fine grained, but 
chemical sediments form appreciable amounts of many sec
tions. In some Kevada localities, the dominance of limestone 
indicates a westward change from continental to largely 
marine deposits. In general, the most characteristic feature 
of lithofacies in the Moenkopi is the general absence of 
coarse-grained rocks; exceptions are the basal conglomerates 
that locally are prominent where sections are thin as at 
St. ,Tohns, Ariz., on the eastern margin (McKee, 1954, p. 
84) and at Sycamore Canyon on the southern margin (Price, 
1949, p. 49-53) . 

Stratigraphic r·elation8.-The J),foenkopi formation of in
terval A is divisible into three readily recognizable members 
along the Little Colorado River valley in northeastern 
Arizona. These are, in asc'.ending order, the vVupatki, Moqui, 
and Holbrook members (McKee, 1954, p. 19). North and 
northwestward from the vicinity of Cameron, along the 
Echo Cliffs in northcentral Arizona, and in northwestern 
Arizona, these units cannot be recognized. They do not 
correspond closely to any of the six members that have been 
defined in southwestern Utah (Gregory, 1948, p. 227) but 
are considered to be equivalent, in part, to the upper three. 

Upper boundary of inter·ual A.-The upper boundary of 
interval A in Arizona is the unconformity that separates 
the Moenkopi formation from the overlying Shinarump 
member of the Chinle formation. The surface of uncon
formity is very irregular in detail and, in most places, is 
conspicuous because of a contrast in color and lithology 
in the rocks above and belo,v. There is no evidence, however, 
to indicate that any large proportion of the original Moen
kopi deposits was removed during the hiatus. Channels and 
pockets of various sizes, excavated in weak red mudstone 
and filled with gray sandstone and conglomerate of the 
Shinarump, are numerous; small hills of red rock of the 
Moenkopi stick up into the Shinarmnp member in many 
places and locally rise above it. Such features have been 
described from many localities and the accumulated data are 
summarized by McKee (1954, p. :37-aH). 

The magnitude of the hiatus represented by the uncon
formity overlying rocks of interval A in Arizona is uncer
tain. Youngest strata of the Moenkopi formation are con
sidered, on the basis of both vertebrate imd invertebrate 
fossils, to be not older than late Early Triassic and they 
may be of m1rly :Middle Triassic age (Welles, 1947, p. 285-
286; Peabody, 1H48, p. 323, 413; Poborski, 1954, p. 99B). 
The Shinarump member of the Chinle formation that over
lies the unconformity is generally believed to be of Late 
Triassic age. This age is based on fossil plants (Daugherty, 
1941, p. 9) and on the consideration that this conglomerate 
is part of a conformable sequence (the Chinle formation), 
the major part of which is definitely of Late Triassic age. 
On the other hand, Stokes (194H, p. 79) suggests that the 
Shinarump was deposited as a pediment during a time of 
general erosion and therefore "its distribution and growth 
involved most of Middle Triassic Lime." 

En1Jironments of depoBition.-Many features of environ
ment are expressed in the lithofacies pattern for Arizona 
and adjoining parts of Utah. The dominance of mudstone 
in rocks of interval A (pl. :3, fig. 1) indicates generally 
low relief in surrounding regions, but small areas with 
considera.ble sandstone near the eastern margin indicate 
slightly elevated terrain in New Mexico that served as a 
source of sediment. Tn southern Nevada and southwestern 
Utah, where limestone is represented in the lithofacies pat
tern, marine waters covered the area part of the time. In 
brief, available lithofacies data suggest that a broad, flat 
plain sloped gently westward across northern Arizona to
ward the sea. The low gradient of the land allowed the sea 
to advance great distances eastward from Nevada and then 
retreat; three such advances are indicated by tongues of 
limestone and gypsum between red beds believed to be 
of terrestrial origin. 

Analysis of rock types, primary structures, and principal 
faunal elements of the }foenkopi formation in northern 
Arizona and southern Utah (McKee, 1954, p. 78-7!:1) indi
cate that these rocks represent a combinn.t.ion of diverse 
environmenis. These environments include stream channels, 
flood plains, fresh- or brackish-water ponds, playas, and 
shallow seas. On plate 3, figure 1, deposits of the eastern 
margins, composed of sandstone and mudstone in various 
proportions, are interpreted as alternating stream and mud
flat accumulations; those of north-central Arizona and 
south-central Utah, composed dominantly of mudstone, as 
deposits of flood plain or tidal flat; those of Kevada and 
southwestern Utah, consisting of limestone, calcareous mud
stone, gypsum, mid shaly red mudstone, as the sediments 
of shallow seas, lagoons, and mud flats of a coastal area. 
Position of gypsum on the east side of contemporaneous 
marine deposits and its association with reel beds considered 
continental indicate it probably formed in lagoons. Small 
limestone lenses interbedded with reel ~udstones in many 
places and distributed far eastward of known marine de
posits are considered to be of lacustrine origin. 

Implications concerning the climate of Early Triassic 
time are based partly on sedimentary features and partly 
on faunal evidence. Extensive beds of gypsum, especially 
in the western part of the region, and casts of salt cubes 
preserved in red beds throughout the region indicate evapo
ration and dryness. Abundant large reptiles, represented by 
tracks, and big, sluggish amphibians, of which the skeletons 
are numerous in stream deposits, suggest uniformly warm 
conditions. Likewise, the abundance of certain sessile organ
isms, such as crinoids in the marine deposits, suggests warm 
waters. Regional climate, therefore, is interpreted as con
tinuously warm and arid or semiarid. 

Paleotectonic implication8.-The Early Triassic epoch 
seems _to have been a time of gentle warping without moun
tain building in the Southwest. ,Varping is represented by 
local variations in the amount and age of sediments across 
the region as described below; the absence of elevated re
gions is inferred from the general absence of coarse detrital 
materials. 

The structural framework during the Early Triassic ap
parently was similar to that of late Paleozoic time in this 
area : (1) a northeast- trending geosyncline receiving thick 
marine deposits in Kevada and southwestern Utah on the 
west, (2) a slowly sinking shelf, sloping toward the geo
syncline across northern Arizona and southern Utah in the 
center, and (3) an eastern margin to the depositional shelf 
marked by the Defiance and Zuni positive areas near the 
Arizona-Kew Mexico boundary and by the Uncompahgre 
area to the north in Colorado (pl. 3, fig. 1). Principal 
source for the relatively thin deposiis of terrestrial sedi
ments that accumulated on the shelf was in ~ew Mexico 
where the region was warped and slightly elevated pre
ceding or during this time as shown by the Permian-Triassic 
unconformity in that area,·· described in preceding para
graphs. Another possible source of detritus was to the south 
as indicated by the relatively coarse sediment in sections 
at Sycamore Canyon, Ariz. 

Evidence of warping during Early Triassic time is abun
dant in various parts of the region. A much greater thick
ness of Lower Triassic rocks in western than in eastern 
Arizona indicates progressively greater downwarping from 
east to west, toward the geosynclinal area. Furthermore, 
deposition began earlier in the west than in the east as 

-shown by faunal and stratigraphic evidence (McKee, 1954, 
p. 81), and this earlier deposition partly accounts for the 
greater total thickness of strata toward the geosyncline. 
vVith changes in the delicate balance between rate of sedi
mentation on the shelf and rate of downwarping, the sea 
transgressed and then regressed iit least three times from 
the northeast-trending axis of maximum depression. 

Local downwarping east of the geosynclinal axis differed 
from one place to another in time and rate during Early 
Triassic time. Near San Rafael Swell in east-central Utah 
the zone of Jfeekoceras is in beds 40 to 150 feel above the 
base of the formation, whereas in central northern Arizona 
the ilfeekoceras zone is at the base; thus accumulation of 
sediments probably began earlier to the north. Furthermore, 
comparative thicknesses of overlying strata indicate that 
deposition continued much later in the south. Likewise, 
between central Arizona (Little Colorado area) and the 

northern border of the State, rocks of interval A are rela
tively thin (pl. a, fig. 1). South o:f this area deposition 
seems, on the basis of stratigraphic data (McKee, 1954-, 
p. 23), to have started hiter and also to have ended later 
than it did to the north. The ridge separating these basins 
of depression probably was it west-ward continuation of the 
Defiance positive element. 

WESTERN COLORADO AND UTAH 

By M. E. MacLachlan 

Formations included.-Interval A is represented in cen
tral and southern l:tah by the 1\foenkopi formation. This 
formation is divisible into six members in the south-western 
part of the state, and into three in the east-central part 
(table B). The basal or Timpoweap member in the south
western area and the middle or Sinbad limestone member 
in east-central Utah both contain a illeelwceras fauna, so 
are considered correlative. Lithologic relations between 
these two members are not clear because detailed subsurface 
sections are lacking in an intervening area. 

Three formations assigned to interval A crop out along 
the Uinta Mountain flanks in northern Utah (table 2). They 
are, in ascending order, the vVoodsicle formation, Thaynes 
limestone, and Ankareh formation (restricted). 

The vVoodside formation in its type section, in Big Cot
tonwood Canyon, Utah, is a homogeneous unit of dark red, 
unfossiliferous mudstone. As used in this paper it is not 
subdivided. No attempt has been made to separate the 
Jfackentire tongue named by vVilfoims (U>:1H, p. 91) and 
described in clet!til by McKelvey and others (1956, p. 28'36-
2837), of Permian age, from the Triassic part of the 
formation. 

The Thaynes limestone is well exposed in Big Cotton
wood Canyon where it is 1,190 feet thick. It consists of a 
series of interbedded gray-green, shaly mudstones, gray 
sandstones nncl gray, fossiliferous limestones. It is the only 
unit to be elated in northern Utah sections. The lower part 
of the Thaynes limestone contains J/eelwceras aml, there
fore, is correlative with the Timpoweap and Sinbad lime
stone members of the 1foenkopi formation (table 3). The 
upper part of the Thaynes limestone contains Tfrolite8 and 
is correlated with the Virgin limestone member which is 
the third member from the base in the :Moenkopi forma
tion of southwestern Utah (table B). 

TABLE 3,-Generalized description of members of Moenkopi forrnation 
(after McKee, 1954) 

Southwe.st,rn Utah East-central Utab 

Members Litho]ogic characteristics Members Lithologic characteristics 
and fossils and fo~sils 

- · 

rpper red Sandstone, silt.stone, and 
me.n1ber claystone; red-hrown, 

rip11k-marked, thin-
bedded; unfossilifcrous 

- ---·-- ~ - -- - -~-- - ·----
Shnabkaib Sandstone, siltstone, and 

member claystone; yellow to 
gray; bedded gypsum; 
thick; unfossiliferous 

Middle red Siltstone and claystone; 
member red-brown and gray; 

gypsiferous: unfossilifer-
DUS 

Virgin lime- Limestone, gray, apha-
stone mem- nltlc, dolomitic and 
her yellow to gray clay-

stone, Tirolites 

Lower red Upper red Sandstone, siltstone, and 
member 

Siltstone and claystone; 
red-brown; thin-berlded; beds claystone; fine-grained; 
unfossiliferous red-brown 

Timpoweap Slnbad Anasibirites 15 feet below 
member 

Limestone and mudstone; 
local llmestone COil· limestone top; thin limestone 
glomcrate at base repre- member beds, 
senting breakup of Kai- }Jeekcceras 
bab ls, beneath, 
Afeekoceras 

Lower red Sandstone, siltstone, and 
beds claystone; fine-grained, 

red-brown 

The Ankareh formation as originally defined by Boutwell 
(1907, p. 452) was composed of reel mudstone with a num
ber of coarse-grained, gray-white sandstone beds. It is 
overlain by well-bedded and crossbedded sandstone (Navajo 
sandstone of the Jurassic folio). Current usage in 1:Ttah 
(Huddle, Mapel, ~foCann, 1951; and by others), however, 

8 

restricts the Ankareh formation to those red beds above 
the Thaynes limestone and beneath the Chinle formation. 
This part of the original Ankareh formation was named 
the }fahogany member by Kummel (1954, p. 166). The 
name Ankareh formation, therefore, has been restricted in 
Utah to only a portion of the beds originally described at 
the type section. 

At State Bridge, in northwestern Colorado, the upper 
part of the State Bridge formation is assigned to interval 
A. The name State Bridge fonnation was proposed by 
Donner (1936) "... for about 500 feet of red and gray 
siltstone and shales lying conformn.bly above the McCoy 
formation and disconformably below the Triassic Shina
rump conglomerate, one-fourth mile north of the State 
Bridge Hotel, Eagle County, ..." Colorado. ilfyalina, 
Aviculopecten, and Pleitroph01'UB ,vere found in a thin, limy 
unit in the lower part of the formation. The entire unit 
was considered "either .Middle or Late Pennsylvanian or 
Permian" in age (Brill, 1942, p. 1393). The fossils cited 
above were believed by Brill (194-4, p. mm, 640) to indicate 
a Permian age equivalent to that of the Phosphoria forma
tion. As a result of recent studies in adjacent areas, it now 
seems apparent that Lo\ver Triassic rocks are also present 
in the State Bridge area. Rock types, structural sedimentary 
characteristics, and thicknesses correspond to regional 
trends of other formations included in interval A. Thus, 
the upper part of the State Bridge formation is assigned 
to interval A. 

A nomenclatuml problem exists in northwestern Colorado 
for rocks of interval A. The area lies between exposures of 
the upper part of the State Bridge formation in northwest
central Colorado and those of the Thaynes limestone along 
the southern flank of the Uinta }fountains. East of ,Vhite
rocks Canyon, Utah (locality 8, pl. 1), the Thaynes lime
stone is absent. Gypsum beds at approximately the same 
stratigraphic horizon on Red J\,fountain, north of Vernal, 
Utah, however, are interpreted as having "been deposited 
on tidelands during the maximum extent of the Thaynes 
sea" (Kinney, 1955, p. 56). In northwestern Colorado, gyp
sum beds are found at several horizons, but whether they 
should be referred to the Ankareh formation (restricted), 
Thaynes limestone, or to the vVoodside formation, or all 
three, is not known. Therefore, these beds are referred to 
as Lower Triassic undifferentiated in this folio. 

Thickness trends.-Rocks of interval A thicken westward 
across Utah from longitude 109°30' vV (pl. 3, fig. 1). Iso
pach lines projected north beneath the Uinta Bnsin connect 
with others around the Uinta Mountains indicating com
parable thicknesses. In northwestern Colorado, however, 
thicknesses increase from south to north. Thickest sections 
are in southwestern Utah ('Washington County) and in 
northern Utah (Salt Lake County). Isolated and incom
plete but thick sections are scattered farther northwest in 
Utah. 

Kear the eastern edge of the Lower Triassic rocks in -Ctah 
and northwestern Colorado, strata are irregular in thickness. 
At some places on the map (pl. 3, fig. 1), stations repre
senting appreciable thicknesses are so close to the zero 
isopach line imposed by the Monument and vVhite River 
upwarps (fig. 6) that isopach lines merge. 

A thin section of Lower Triassic strata has been pre
served across the middle of the Monument lJpwarp. Its 
maximum thickness is more than 260 feet and its minimum 
195 feet. Northwestward from this area in east-central Utah, 
widely spaced and somewhat irregular isopach lines indicate 
gradual but uneven thickening of strata in that direction. 
In contrast, isopach lines in west-central l-::-tah are closely 
spaced and less irregular and suggest proximity to the 
margin of the geosyncline. 

A small basin prominent in eastern Rio Blanco County, 
northwestern Colorado, is shown by a closed 400-foot iso
pach line. Its limits have been affected by post-depositional 
structures-the vVhite River uplift on the south and the 
Park Range on the east (fig. 6). 

Lithofacie8 trend8.-Lower Triassic rocks in the Utah
western Colorado region are chiiracterized by uniformly 
fine-grained strata. The dominant lithologic components 
are fine- to very fine-grained sandstone, siltstone, and clay
stone. Their distribution is shown in a general way by 
sandstone and mudstone patterns on plate 3, fig. 1. Local, 
erratic concentrations of sandstone on the map in parts of 

central Utah may reflect failure of some geologists to dis
tinguish between sandstone and siltstone, rather than in
crease in grain size. The mudstone pattern, however, masks 
gradations that are brought out on plate 8, figure a, where 
siltstone and claystone have been separated. Lobate sheets 
of sandstone extend southwestward and northwestward 
from the Uncompahgre positive element, and northward 
from the Defiance positive element (fig. 5). These sheets 
grade laterally, in all directions, into siltstone and claystone. 

Very few are;ts of coar·se-grainecl rocks itre recognized in 
the entire Utah-western Colorado region. A major exception 
is in the basal member of the Moenkopi formation in south
western Utah where a conglomerate including limestone 
blocks and boulders derived from the underlying Kaibab 
limestone of Permian age fills narrow canyons and channels. 

Proportions of chemical sedimentary rocks large enough 
to appear in lithofacies symbols on plate a, fig. 1, reflect 
the presence of the Timpoweap and Virgin limestone mem
bers of the Moenkopi formation in the southwestern part, 
the Sinbad limestone member of the Moenkopi formation 
in the east-central part (table 3), and the Thaynes limestone 
in the northern part of Utah. 

Stratigraphic relations.-In the Utah-western Colorado 
region interval A includes not only all rocks definitely 
known to be of Early Triassic age, but also in some areas 
unfossiliferous red beds above that may be, at least in part, 
of Middle Triassic age and in other areas includes red beds 
below (table 3) that may correlate with Permian strata. 
The entirn sequence shown on the correlation chart (table 
1), however, is included with rocks of interval A. 

Correlation of strata eastward from the pinchout of the 
Thaynes limestone neiir vVhiterocks Canyon, Utah, into 
northwestern Colorado is not yet definitely established. 
Lithology and sedimentary structures of Lower Triassic 
strata in that area are similar to those of both the ,Voodside 
formation and the Ankareh formation (restricted) to the 
west and also resemble corresponding features in the :Moen
kopi formation to the south. Stratigraphic position and 
regional isopach trends strongly suggest that all of these 
rock units are roughly equivalent. 

An aberrant, thick sequence of Lower Triassic red beds 
is believed by some geologists (Dane, 1935, p. 51; Stewart, 
1956, p. 86- 87; Shoemaker, written communication) to ex
tend from southern Grand County, Utah, into eastern Mesa 
and Montrose Counties, Colo. These strata, assigned to the 
Moenkopi formation, have been divided by Shoemaker 
(written communication) into the Tenderfoot Ali Baba, 
Seweniup, and Pciriott members, in ascending order. Uncon
-formities are stated by him to separate both the Tenderfoot 
and Ali Baba members, and the 8ewemup and Pariott mem
ber8, and to bound the formation. 

The Tenderfoot and Ali Baba members are composed of 
interbedded conglomerate, sandstone, siltstone, and mud
stone, with intramember erosion surfaces. The conglomerate 
includes poorly sorted rock particles which range from 
sand to pebble size. Pebbles are of granite, gneiss, and schist 
as much as 6 inches in diameter but not intensely weathered. 
The sandstone is medium to coarse grained, poorly sorted, 
and arkosic. xfuclstone is reddish brown and sandy at many 
localities. Coarseness of sediment in lower parts apparently 
results from proximity to an elevated l~ncompahgre high
land during early stages of deposition. 

Aberrant thicknesses of strata in }fesa and Montrose -
Counties, Colo., assigned to the xfoenkopi formation, are 
locally related to salt flowage in underlying Pennsylvanian 
rocks. This type of movement accounts for irregular dis
tribution of thick and thin deposits (Shoemaker, written 
communication). Strata assigned to the Moenkopi forma
tion are underlain by Permian rocks except over the salt 
anticlines where they rest on the Hermosa formation. They 
are overlain by a conglomeratic sandstone assigned to the 
Chinle formation (Dane, 19;35, p. 56). 

The 8e1.cemup and Pariott members contain some red- but 
mostly chocolate-brown sandstone with shaly mudstone and 
minor siltstone. The sandstone is ripple marked and gypsif
erous in many places, whereas the mudstone commonly is 
micaceous. No fossils have been found in these members 
except some juvenile ammonites and gastropods considered 
of Triassic age and believed to be from the Sewem:up mem
ber north of the junction of the Green and Colorado Rivers, 
in southwestern Grand County, Utah. Because of poor ex-



__ 

posures the exact position of the fossiliferous horizon cannot 
be determined, but this horizon may be within the limits of 
the Moenkopi formation. 

The Tenderfoot and Ali Baba members of Shoemaker 
(written com~unication) may be older than rocks at tne 
type locality of the Moenkopi formation in Arizona. The 
Tenderfoot member has been correlated with the Hoskm
nini tongue of the Cutler formation (Shoemaker, written 
communication; Stewart, 1956, p. 87). The Ali Baba, Sew
emup, and Pariott members, unlike other units assigned to 
interval A, include coarse-grained detrital rock deposited 
in a deep local basin close to an inferred elevated source 
ai;ea. 

Upper boundary of inter1;al A.-The Chinle formation 
assigned to interval C rests unconformably on rocks as
signed to interval A throughout the entire Utah-northwest
ern Colorado area, except at station 250 in south-central 
Uintah County, Utah (pl. 1), and at some stations scattered 
through westernmost l7tah. At Utah station 250, sandstone 
of the Glen Canyon group overlies rocks of interval A. 
Thicknesses recorded from westernmost Utah are incom
plete and rocks in some localities there are indivisible; it is 
therefore as yet impossible to determine the upper boundary 
of interval A at these stations. 

The contact between rocks of interval A and those of 
Interval C of the Triassic system generally is distinct. Fine
grained strata of interval A are overlain by coarser grained 
strata of the basal Chinle formation in most places. "'\Vhere 
coarse materials are missing at the base of interval C, as in 
parts of southern San .Tuan County, Utah, the diagnostic 
color of the rocks and the regional trends of both map 
intervals assist in determining the boundary. Mesa-like rem
nants of Lower Triassic rocks locally are covered by alluvial 
deposits of basal Chin1e formation (McKee, 1954, p. 37), 
indicating a buried surface of slight relief. 

The length of the hiatus between intervals A and C of 
this paper is not definitely known. The change in character 
of sediments implies a break, but it does not indicate the 
duration of this break. In San .Tuan County, Utah (fig. 
14), the Chinle formation rests unconformably on a homo-
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FIGURE 14. Index map of Elk Ridge area, San ,Juan County. Utah, 
giYing location of section shown on figure 15. 

clinal structure developed in the Moenkopi formation ( fig. 
15). This suggests folding near the Monument upwarp after 
deposition of the rocks of interval A but before those of 
interval C were deposited. 

Environments of deposition.-Most of the continental 
strata of formations assigned to interval A are character
istically red brown, though there are exceptions in the San 
Rafael Swell area in central Utah (Giltuly and Reeside, 
1928, p. 65), the Dinosaur Quarry-Split Mountain area in 
northern Utah (lTntermann and Untermann, 1954, p. 100), 
and at some other localities in northeastern Utah where 
gray green is the dominant color\ Strata of this color, asso
ciated with pyrite, are thought by some geologists ( Gilluly 
and Reeside, 1928, p. 65) to represent a primary deposi
tional feature, possibly resulting from the reducing en
vironment of tidal pools. Pyrite, galena, and petroliferous 
material are believed by other geologists (Stewart and 
Smith, l!J54, p. 25) to be "universally . associated with the 
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FIGURE 15. Correlation diagram along line A-A' (fig. 14) illustrating variations in thickness and lithology of the lower pa.rt of the Chinle formation and relatively uniform thickness of the Moenkopi formation, 
Elk Ridge area, San Juan County, Utah. By R. Q. Lewis and R. H. Campbell. 

grayish-orange parts of the Moenkopi...." This associa-
tion is believed by them to be a result of postdepositional 
alteration, because "the contact between the grayish-orange 
rocks cuts across stratification planes." Reduction of pri-
mary red ferric oxides to green is attributed to ground 
water by Kinney (1955, p. 62). 

Flood-plain and stream-type ripple marks, raindrop im-
pressions, and mudcracks are widespread sedimentary struc-
tural features. These are common in the Moenkopi forma-
tion of southern Utah (McKee, 1954, p. 56-67), and also 
as far north and east as northwestern Colorado where they 
are in the upper part of the 8tate Bridge formation (Sheri-
dan, 1950a, p. 12-23, 37-42, 53). 

Appreciable amounts of evaporite material are present in 
Lower Triassic rocks in many areas (table :3). Shaly silt-
stones commonly are gypsiferous. Salt casts are recorded 
in the Circle Cliffs area of Utah (Gregory and Moore, 1931, 
p. 48) and in many other places. Extensive bedded gypsum 
in the Slmabkaib member of the Moenkopi formation 
throughout southwestern Utah may be the result of intense 
evaporation in lagoonal pools (McKee, 1954, p. 50). Lenses 
and thin beds of gypsnrn occur in Uintah County, Utah, 
(Kinney, 1955, p. 58) and doubtless ate also the product 
of evaporation in shallow lagoons or ponds near the sea. 

A grain-size distribution map (pl. 8, fig. B) reveals prob-
able major source areas for detrital sediment in Lower 
Triassic rocks of Utah and western Colorado. Lobate sheets 
of fine-grained sandstone extend for long distances out from 
valleys between the Uncompahgre and other Early Triassic 
positive elements. Distribution and extent of these sheets 
imply that large, sluggish streams drained from the land 
mass and that the streams were capable of transporting 
only fine debris. Siltstone areas outlined on the same map 
( pl. 8, fig. 3) are intermediary between sandstone and 
claystone areas, demonstrating gradation into areas of pos-
sible ponding. 

Three separate marine invasions are believed to be re
corded by the tongues of limestone among rocks of interval 
A in southwestern Utah (table 3). Each of these invasions 
was superseded by red-bed deposition that occurred on flood 
plains and in stream channels, as indicated by fossil verte
brates and characteristic structures. These alternations sug
gest fluctuation of the shoreline back and for-th, across the 
shelf. 

At Circle Cliffs and the San Rafael Swell in central Utah, 
the Sinbad lime.stone member of the Moenkopi formation 
represents a marine transgression. It is underlain and over
lain by red beds (table 3). The red beds beneath apparently 
were deposited earlier than any strata in southwestern Utah, 
as indicated by fossils. A thin, oolitic dolomite described in 
borehole sample-logs (ArnStrat. Co.) from east of the 
Green River in soutlwrnstern Grand County and in the 
northern part of Wayne County, Utah, is thought to repre
sent an eastern extension of the Sinbad limestone member 
of the Moenkopi formation. Farther east the dolomite is 
m1ssmg. 

In northern Utah the Thaynes limestone forms a marine 
sequence that is thicker and more continuous than any 

corresponding sequence in sections to the south. It is under-
lain and overlain by a considerable thickness of red beds 
(table 1). The lower red-bed unit, underlying the 21/eelw-
ceras zone, is thicker than the corresponding unit to the 
south, which suggests that deposition began earlier in 
northern Utah than elsewhere in the State. 

In summary, the rocks of interval A in Utah are indica-
tive of alternations of marine and continental sedimentation 
as the shoreline oscillated. Primary sedimentary structures 
such as rain-drop impressions and mudcracks resulted from 
periodic wetting and drying. The thick marine sequence of 
northern Utah probably resulted from proximity to the 
axis of a miogeosyncline; the alternations of thinner marine 
limestones with red beds probably reflect temporary in-
cursions of the sea on the adjacent shelf of central and 
southwestern Utah. 

Paleotectonic imJJlications.-Major source areas for de-
trital sediments in rocks of interval A in Utah and western 
Colorado were the ancient Colorado land masses between 
the Uncompahgre and the Defiance positive elements (fig. 
16). These areas were much eroded before deposition of 

Uncompaghre
positive element 

---.. 
'(i=<l1 

O I 
iii I'~/
\I I I 
111 1

J~ I 
C...<\ IIF~.J)<i I 

__ \1 

\(""1 / f';:J 
1 

' 
--A~izii;;;--~ /- ~--d--------N~~~C:E~~o ------

__/ 

Defiance positive element 

......_) 

/
I 

I / 
I /11&Zuni positive element:,_,=-~ 

FIGURE 16. Positive elements prominpnt in western Colorado. New 
}Iexico, anr1 Arizona rturing Early 'I'riassiC' tirnP. Isopaeh lines 
show lhickllPSS of inte.-val A. 

Lower Triassic sediments (p. 3, col. 3), and they re
mained as dominant sources of sediment as indicated by 
rock types in interval A. Probably the areas were of low 
relief and streams from them transported well-sorted, fine
grained sediments for long distances onto the shelf beyond 
in central l7tah. Locally in central western Colorado arkosic 

gravel and coarse sandstone were derived from the elevated 
1:~ncompahgre element. 

A north-south trending shelf is identified on plate 3, 
figure 1, by widely spaced isopach lines. It separated the 
provenances for detrital sediments from the downwarped 
geosynclinal area of western l.7tah. Locally, on the Monu-
ment upwarp, postdepositional erosion has partly removed 
rocks of the eastern edge of this shelf. 

Adjacent to the shelf on the west is part of the eastern 
edge of the Early Triassic miogeosyncline . .The presence 
of this geosyncline is demonstrated on plate 3, figure 1, 
by closely spaced isopach lines that indicate a rapid increase 
in rock thickness westward. The eastern edge of the mio-
geosyncline trends in a southwesterly direction across Utah. 

A thick red-bed sequence, probably of continental origin, 
beneath the iJfeekoceras zone of the Thaynes limestone at-
tests to an earlier deposition in northern Utah than in 
central Utah. Comparable red beds at San Rafael Swell, 
also beneath this faunal zone, demonstrate that sedimenta
tion spread south and east across Utah. 

A small basin has been preserved between the "'\Vhite 
River uplift and the Park Range in north·western Colorado 
(fig. 6). Its eastern and western edges have been destroyed 
by subsequent erosion over these two positive elements. 

SOUTHEASTERN IDAHO AND WYOMING 

By S. S. Oriel 

Formations included.-Interval A is represented in south
eastern Idaho and westernmost Wyoming by the Dinwoody 
formation, the ~Toodside formation, and most of. the 
Thaynes limestone. The upper part of the Portneuf lime
stone member of the Thaynes limestone is not included for 
reasons cited below; Dominant types of lithology are lime
stone and gray, black, brown, and tan mudstone, but these 
rocks grade laterally into, and intertongue v,ith, red beds 
on the east (Kummel, Hl54, p. 165). The red-bed sequence 
to the east, however, also includes rocks correlative with 
units stratigraphically below the Dinwoody formation and 
others correlative with units above the Thaynes limestone, 
raising problems in stratigraphic nomenclature. 

In central Wyoming, interval A is represented by the 
upper parts of the Embar and Goose Egg formations and the 
Red Peak member of the Chugwater formation ( table 1). 
The horizon chosen as the base of interval A within the 
Goose Egg formation of Burk and Thomas (1956) is dis
cussed in the preceding section entitled "Lower boundary 
of Triassic." In eastern ·wyoming only the upper part of 
rocks assigned by earlier writers to the Chugwater and 
Spearfish formations is included in interval A. Most of the 
rocks assigned to the "gypsum and red shale sequence" of 
Low and others ( 1H4H) an<l to ihe 101,·er gypsiferons SP

quence of the Spearfish formation (M. IL Bergendahl, oral 
communication, 1956), are not included. 

Thickness trends.-Rocks assigned to intervitl A increase 
in thickness westward in western '\Vyoming from about 
1,500 feet along the western margin of the Green River 
basin to more than 5,000 feet in southeastern Idaho. Ero
sional remnants of related rocks have been found as far 

we.st as the Beaverhead Range in Idaho, which is adjacent 
to the southwesternmost part of Montana (Cressman, 1954, 
p. 191), and in the Sublett Range in south-central Idaho 
where about 1,000 feet of strata assigned to interval A are 
pre.served in a syncline (Youngquist and Haegele, 1955, p. 
2080). 

Northward and eastward from the Green River basin, 
rocks of interval A thin gradually from about 1,000 feet 
to a beveled edge in Montana and Nebraska. Local belts 
of thickening and thinning shown on plate 3, figure 1, are 
comparable to those evident on the summary map (pl. 5), 
even in places where rocks of interval A are overlain by 
rocks of interval C (pl. 4). The significance of these belts 
of thickening is described in the discussion of the sum
mary map. 

Lithofacies trends.-Rocks of interval A in Wyoming 
consist dominantly of very fine-grained, detrital materials. 
The rocks are mainly red claystone and siltstone. Locally, 
fine- to very fine-grained sandstone makes up. mor_e than 
20 percent of the section. Thin evaporite beds, consisting 
of dolomite or anhydrite, are also present but constitute 
only a small proportion of the section. 

No relation is apparent between changes in lithofacies 
and isopach trends in central and eastern Wyoming, shown 
on plate 3_, figure 1. The distribution of sections containing 
a moderate amount of sandstone, for example, does not seem 
to be related to local belts of thickening or thinning. This 
lack of apparent relationship, however, may reflect the kind 
of lithologic information available during compilation of 
the map. 

On a regional scale, changes in dominant types of lithol
ogy are evident. Mudstone is the main component of inter
val A in most of ·Wyoming. ·westward from the Green 
River basin, the proportion of limestone increases until it 
makes up more than 50 percent of the section in south
eastern Idaho. 

The presence of widely distributed, correlatable units 
within the relatively uniform Red Peak member of the 
Chugwater formation is not evident on the lithofacies map 
( pl. 3, fig. 1). In surface section, the Red Peak is character
ized by evenness and lateral continuity of bedding. Through 
much of ,vyoming, distinctive electric log patterns can be 
recognized in most ,vells across distances of several hundred 
miles (Burk, 1953, p. 29; Love, in Reeside and others, 1957, 
p. 1482). 

Upper boundary of interval A.-The base of the Alcova 
limestone member of the Chugwater formation is considered 
the top of interval A (table 1) throughout central Wyom
ing. vVhere the Alcova limestone member is absent in local 
areas of north-central Wyoming (pl. 8, fig. l) the base of 
the Crow Mountain sandstone member of the Chugwater 
formation is used instead, and where it is absent in south
eastern Wyoming the base of the Jelm formation is taken 
as the boundary. The base of the Gartra grit Tnember of the 
Ankareh formation is used farther west along the southern 
part of the Green River basin and the top of the Lanes 
tongue of the A.nkareh formation is used in southeastern 
Idaho. Thus, a lithologic contact is used in each place. 
,,Thether these lithologic contacts are isochronous is not 
established; the problem is discussed on p. 21, cols. 2-4. 

Environments of deposition.-Interpretations concerning 
the origin of rocks of interval A in Wyoming and south
eastern Idaho and of the environments of deposition are 
as yet tentative and speculative. Knowledge of detailed 
lithologic relations and of primary sedimentary structures 
is still very incomplete. A few generalizations seem justi
fiable, however. 

Deposits of the Red Peak member of the Chugwater 
formation in eastern and central Wyoming are believed to 
have been laid down on very broad, even, westward-sloping 
alluvial, deltaic, and littoral plains (Burk, 1953, p. 31). 
Low relief of these mud-flat environments nnd minor eu
static changes affecting base level account for wide lateral 
distribution of individual beds. 

The bulk of the sediment in the Red Peak member of 
the Chugwater formation consists of fine-grained, red detri
tus. The transporting agents probably were sluggish, braid
ing streams and distributaries, as suggested by Burk (1953, 
p. 31). Some of the material may have been derived from 
low positive areas in central Colorado, but most of it came 
from the east and possibly from the north. Erosional trun-
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cation or rocks of Permian age in South Dakota, Nebraska, tributed the fine detrital materials. ·when the basin sank of the Denver basin. The northwesterly-trending axis of is near the base of the formation in southwest Montana 
Lovington andMembtms of Lykins This folio Fenneman, 1905 Johnson, 1945 LeRoy, 1946Kansas, and possibly .Montana (pl. 2) probably 11ccounts more rapidly than sediment could fill it, water depths ,rnre 'I'homp,;on, 1948 the early basin, inferred from present thicknesses of Lower (Kummel, 1954, p. 167). The upper part of the Thaynes 

for a great deal of the material. The Permian source areas relatively great an<l euxinic conditions develope<l on the 
formation 

Triassic rocks, does not coincide with the present northerly limestone of southeastern Idaho is absent in southwestern 
furni.shed fine- to very fine-grained, re<l detritus with bottom (Kummel, 1955, p. 51). trend of the Denver basin axis. Montana. 
moderate quantities of evaporitic material, including both Paleotectonic i111,plicatiorus.-Coarse detrital material is The east-trending belt of thinning among rocks of inter Between the Thaynes limestone and the Dinwoody forma
carbonates and sulfates. strikingly absent from the tremen<lous volume of rock in val A in northeastern Colorado ( pl. 3, fig. 1) appears also tion in southwestern Montana are red mudstone and silt

The dominant red color of the Red Peak member of the cluded in interval A in vVyoming and eastern Idaho. No on the summary isopach map ( pl. 5) as a narrow elongate stone of the "\Voodside formation. East of a northwardu 
vi 
<flChugwater formation can be iittributed to primary colora where is any evidence of diastrophism apparent. Tectonism area that thins southeastward. This belt is shown by ,vest projection of the Idaho-vVyoming boundary, both the Dinu '.', 

vi.- . - ...--tion of the source material and to oxi<lizing conditions in was restricted to subsidence in depositional areas, local "'<fl >- ward reentrants of the isop11ch line, not only on plate 3, woody and Thaynes formations change laterally into red 
<! 

--..... --the environment of deposition. A marine source for the warping in shelf areas, and slow, broad upwarping in the "' figure 1, and plate 5, but also on the map of rocks of in beds of the vVoodside formation.>-~ 
concentrated waters in which evaporite beds locally "·ere eastern Midcontinent region, the source of much of the terval C (pl. 4). The trend therefore persisted, with slight Interval A in south-central and southeastern Montana 
deposited is unlikely, although such a source seems probable detritus. ---- modifications, through much of Triassic time, and may is represented by the Red Peak member of the Chugwater

~ for Lower Triassic evaporites in Utah and ;\._rizona (McKee, Subsidence, as shown by isopach lines on plate 3, figure 1, 1----

l -srrain shale -

- Rer,qrin. shale · . · 

----

represent a narrow raised or high area along which deposi formation (Love, H)48, p. 98). This unit is correlated, be-? 
1954, p. 51). Local ponding of streams draining Permian was greater in the west than in the east. I<:videuce cited tion was relatively scant. cause of lithologic similarity, with red beds of the vVood
evaporite beds to the east could account for concentration above shows that the rate of subsidence in the miogeosyn Upper boundary of interval A..-In much of northeastern side formation in southwestern Montana. Beds of the middle 
and preci pitati on of both carbonates and sulfates. Evapo cline ,vas not uniform during Early Triassic time. - Colorado the Jelm forma,tion (Upper Triassic) rests dis and lower parts of the type Red Peak member of the Chug
rites suggest arid to semiarid climate (Burk, 1953, p. 31). Local belts of thickening and thinning among rocks of conformably on Lower Triassic beds (Condra, Reed, and water formation are correlated also with the upper part 

Conclusions regarding the origin of the Red Peak mem interval A in ·wyoming and Idaho, evident on plate 3, Scherer, 1!)50, p. 6). This formation, composed mainly of of the Spearfish formation of South Dakota. 
ber of the Chugwater formation, therefore, are in close figure 1, are interpreted as evidence of local warping on the beds of orange-red, fine- to medium-grained sandstone, is The Spearfish formation is the name given by Dart.on 
agreement with those drawn for the Moenkopi formation shelf area. Their inverse relation to modern strnctures, easily distinguished in most places from underlying beds (1899, p. 386-387) to a sequence of gypsiferous red beds 
(McKee, 1954, p. 75-80). Climatic and depositional con that is, the coincidence of belts of tl1ickening with present of orange-red rnudstone and siltstone of the Lykins forma in the Black Hills region, South Dakota. They lie below 

zditions seem to have been comparable also. anticlinal axes, and belts of thinning with present basins, ,,: tion. Eastward from the Front Range the Jelm formation the Sundance formation of Late Jurassic age and above 
;>,In western vVyoming, the environment of deposition dur as discussed on page 19, columns 2 and 3, is striking. It sug z rests on successively older beds of the Lykins formation. the Mimiekahta limestone of Permian age. More recently"'WJ'.', CLing earliest Triassic time has been described as that of a gests that lines of weakness, along which deformation of In Lincoln and Elbert Counties, the Dockum group rests a unit of gypsum, red claystone, and limestone included atc,:"' 

WJ 
CLbroad, shallow-water, marine shelf (Kummel, Hl55). Silt strata of late Mesozoic and post-Mesozoic age took place, disconformably on the lower part of the Lykins formation. the top of Darton's original Spearfish formation has been 

and very fine sand, derived from central Montana to the had already developed by Early Triassic time. In those parts of northeastern Colorado where the Jelm assigned to the Gypsum Spring formation of Middle ,Juras
northeast, and possibly from the ancestral Uneompahgre vVesternmost exposures of rocks of Early Triassic age, formation is absent Jurassic rocks overlie the Lykins for sic age (Imlay, 1947, p. 236; Mapel and Bergendahl, 1956, 
uplift to the southeast, were widely distributed by bottom shown on plate 3, figure 1, in both north- and south-central mation. In much of the region these ,Turassic rocks are p. 84). The Spearfish of the Black Hills, therefore, no longer 
currents in a belt between abundant limestone on the west Idaho, lie within a belt shown as a geantidine on previously referred to the Entrada sandstone (McKee and others, includes evaporite beds of Jurassic age, but consists of red 
and dolomite on the east. This belt of abundant siltstone published tectonic maps for Triassic time (Eardley, l!)f>l, 1956), which is readily distinguished from the red beds beds of both Permian and Triassic age. 
and sandstone may mark the approximate position of bar pl. 11). The absence of coarse detrital sediments in these _____:_ .:...._.-:hair· ______:_ • of the Lykins formation because it consists of light-gray From the vVind River :Mountains in vVyoming, eastward
riers separating normal marine limestone deposition in a rocks and the westward thickening of known seclions in or tan, highly cross-stratified sandstone. Beyond the eastern extending tongues of the marine Dinwoody and Phosphoria 
relatively rnpidly sinking geosyndine on the west from rm Idaho make dubious an inferred highland in central Idaho FIGURE rn. Age assi!{nments of the Lykins formation of north- and southern edge of the Entrada sandstone the Ralston formations interfinger with red mudstone of the Chug
eastern area of restricted marine dolomite <leposition on during Early Triassic time. eastern Colorado in various publications. Creek formation (Van Horn, 1957) rests directly on the water formation or Goose E_qg formation in the Bighorn 
the more slowly sinking shelf. The fauna consists nrninly Thompson (1H48, p. 44), to lie within the upper beds of the Lykins (McKee and others, 1956, pls. 5, 6). The Ralston and Powder River basins of Wyoming (Thomiis, 19:34, p.

NORTHEASTERN COLORADO AND WESTERNof shallow-waler animals including lingnhis, some other Creek formation also is easily distinguished from the 1659; Burk and Thomas, 1956; Faulkner, 1956, p. 37). PartLykins formation, whereas all of the Lykins formation is 
kinds of brachiopods, pelecypods, locally abundant crinoids, Lykins formation for it is mainly pink mudstone and of the Red Peak member of the Chugwater formation is 

NEBRASKA 
believed by J. I-I. Johnson (1945, p. 80) to be of PermianBy M. R.. Mudgeand some small gastropods. Poor preservation of fossils is gray-green marlstone, containing some chert and chert correlative with an upper siltstone unit of the Spearfishage. Unfortunately no fossils have been found in strata 

attributed to transportation and abrasion by bottom cur Formations induded.-In northe:istern Colorado, inter above the "upper crinkled limestone" to establish their bearing limestone and local thin beds of anhydrite, whereas formation of the Black Hills, according to stratigraphic 
rents and to the destructive action of scavengers (Kurnmei, val A includes only the upper part of the Lykins formation none of these types of rock are in the upper part of the cross sect.ions prepared by the writers. Furthermore, aage, and fossils from the "upper crinkled limestone" are 
1955, p. 70). Regression of the sea resulted, late in Early which is a southern extension of the more widespread Trias Lykins formation. mottled mudstone unit below this unit contains thin bedsregarded by G. H. Girty as probably of Permian age (Lee,
Triassic time, in a westward shifting of the red Led environ sic rocks of ·Wyoming. Subdivisions of 1he Lykins forma In western Nebraska, strata of Triassic age are overlain of anhydrite and dolomite that may represent a tongue of1927, p. 26). Maher (1954, p. 2234) correlates the "crinkled 
ment, particularly during the time of deposition of the tion (LeRoy, 1946) are shown in figure 18. The age of the disconformably by Jurassic rocks of the Sundance forma Dinwoody. The persistent anhydrite, which can be recoglimestone" with the Day Creek dolomite in Kansas, and the 
Lanes tongue of the Ankareh forrna1ion. formation has been disputed for many years ( fig. 19). In tion. The Jurassic rocks consist mainly of gray-green mud nized beneath this mottled mudstone unit in most well logs,Lyons sandstone with the Cedar Hills sandstone member of 

Sediments of southeastern Idaho seem to have been de Correlation with the Hennessey shale Salt Plain formation, and Harper sand stone and glauconitic, white to gray sandstone. The under therefore is considered in this folio to be the uppermost
GeneralizedMembers of Wyoming units ofposited on the eastern side of a miogeosyncline during stone. Subsurface studies in connection with this folio con lying Spearfish formation o"f Triassic age, in contrast, con representative of the Per·mian system.rock columnLeRoy, 1946 Thomas, 1948Early Triassic time. The alternation of dominant rock types firm the correlations of Maher (1954, p. 2234) and show sists mainly of red to orange-red siltstone and mudstone. The name Spearfish has recently been extended to subsur\~- - -

i·-·_·described by Kummel (1954) suggests that there was an that the evaporite and dolomite unit overlying the Lyons Paleotectonic implications.-A depositional basin in face strata in the 1Villiston basin of western North Dakota, 
alternation of at least two types of environment. Much 

-
sandstone is correlative with the Blaine formation in northeastern Colorado, shown by isopach lines (pl. 3, easternmost Montana, and northwestern South Dakota. It- - .. 

-fossiliferous limestone and tan to gray siltstone in that Kansas. fig. 1), was formed during Early Triassic time. Preliminary is applied to rocks between the evaporite unit (Poe member- - ..area is attributed to shallow-water, marine deposition be In relatively recent publications only the mudstone beds studies of the Permian rocks of this area, in contrast, show of the Nesson formation of Nordquist, 1955, p. 104) of the 
cause associated lingulas probably required such conditions. - - :...:. above the "upper crinkled limestone" (Strain shale member that during late Permian time most of northeastern Colo Piper formation of Middle Jurassic age and the Minnekahta 
Two black tnudstone and limestone ( fig. 17), wedge like of LeRoy, 1946, p. 36) have been assigned to the Triassic rado was a shallmv shelf sea bordered by local, small basins limestone. These strata are assigned to the Spearfish forma

28 29 27 l90 --x Fee t tion of the Black Hills because of similar lithology andX X X 

Feet 
system and the remainder of the formation to the Permian. of saline waters in which gypsum was deposited. The con

0-
figuration of the Permian shelf of deposition bears little stratigraphic position. In this folio, an upper pttrt of the~-----:-~rr========n==--~ 0 The assignment of the upper beds is based on their litho

lnter~\..9- Red beds; Lanes tongue of the Ankareh formation -Strain shale500 relation to the present Denver basin. Thus, a forerunner Spearfish formation of North Dakota is considered of Earlylogic similarity to Triassic parts of the Chugwater andTnterva\ ~ 
Spearfish formations in ·wyoming and the Black Hills, re- of the present Denver basin appeared in Triassic time. Triassic age. Age assignments of individual units of the50Portneuf limestone 1000 

member i:: spectively. - Configuration of the Triassic basin in northeastern Colo Spearfish formation in the North Dakota area and correUppe r calcareous 0- -i::siltstone ·.;;01500 In this folio the base of the Triassic is arbitrarily selected rado was completely obliterated during ,Jurassic time (Mc lation of these with the Spearfish formation of the Blackc<j·.;;-------- . 
s 
c<j )- ssanosto at the top of a thin dolomite bed that lies about 90 feet Kee and others, 1956, interval D) and the present Denver Hills, South Dakota, are discussed on page 11, columns 1;... 100

Ervay tongue/ 0;... .....-- basin was formed during Tertiary time (McCoy, 1953, and 2 . 0 of Phosphoria ;... above the "upper crinkled limestone." This dolomite bed.....--:---.c:1r;~~::::::::--;;:~:.:;.~::.::_=-_JULJ ] - formation <l)...,~ \l\>l'e' 00 p. 1892). Thickness frends.-The present margins of interval Aw ... may be correlative ,vith the Ervay tongue of the Phosphoriac<js::C :g ~ro 
~ 

150 strata are shown on plate 3, figure 1. The maximum thick//.c - formation-the top of the uppermost bed of Permian ageb():>.3000j>- ::, MONTANA, NORTH DAKOTA, AND SOUTH DAKOTA...:l ness of 1,800 feet is in southern Beaverhead County, Mont...c::\ in 1V"yoming (Thomas, 1934, p. 1664, 1666). The choice of/'Crinkled Is" u
Fon Holl 

Ix,s ,, ,: - this contact, rather than any of those previously used, was By J. W. Goldsmith Isopach lines west of longitude 111° in southwesternmost 
Glennon limestone ( Ix291

I 

200Sheep Creek WYOMI~G made because subsurface studies by the authors, using both Formations included.-Interval A in southwestern Mon .Montana <lepid a thick wedge of sedimentary rock that 
I 

I 1) A H O I - Forelle tongue / thins northeastward in a short distance and is absent inBergen shale electric and sample logs, correlate beds assigned to interval tana comprises the Dinwoody, vVoodside, and lower part.. of PhosphoriaHot Spr ingf lxl90 northwestern and north-central Montana. Farther east and---..,.-- --~Spring Canyon formation A in this area with those in east-central ·wyoming called of the Thaynes formations. The basal formation of this 
u B,.e(t';" }(!k~~ I /''Crinkled Is"Falcon limesume"'- by Burk (1956) the Chugwater formation and the lower sequence of Early Triassic age is the Dinwoody, which is north, within the 'Williston basin, the thickness of rocks of~ o Mi les 

l'IDEX MAP Minnekahta / part of the Chugwater formation there is assigned an Early subdivided by Moritz (1951, p. 1788) into a lower "shale interval A is relatively great, nearly 400 feet in north
. . . . . tongue ofFIGURE 17. Lithologic units of the Thaynes limestone between Fort Triassic age . member" and an upper "limestone member". Although the western North Dakota. 

Hall, Idaho, and Spring Canyon, Sublette Ridge, Wyoming. Adapted 
Phosphoria 
formation All Triassic rocks in western Nebraska and adjacent areas basal siltstone, Ling·ula, and Claraia zones, of the Dinwoody The thickness of the Dinwoody formation exceeds 800 

Harriman shalefrom Kummel, 1954, p. 174. The top of the Lanes tongue of the . . feet in the Beaverhead ~fountains near the Montana-Idahoare included in the upper part of the Spearfish formation. formation, recognized by Newell and Kummel (1942, p . -Ankareh formation is the top of interval A in this folio. border, ,vhereas maximum thickness of the '\Voodside forThickness trends.-Isopach lines for rocks of interval A 941) in adjacent areas to the west and south, can be iden
tongues from the west, containing rich ammonite and pele mation, about 800 feet, is farther east, in southeastern 
cypod faunas, on the other hand, are believed to have been southeast and the other east-west. Moritz, mappable units there. Beaverhead County. The Thaynes limestone, on the other 

(pl. 3, fig. 1) show two dominant trends-one northwest tified in southwestern Montana, they are not, according to 

FIGURE 18. Subdivisions of the Lykins formation and their correladeposited in depressions in which euxinic conditions pre A northwesterly thickening is reflected within the present The Thaynes limestone is the uppermost formation as hand, is thickest slightly west of the thickest section of the
tion with units in ,vyoruing.

vailed. Thus, the rate of subsidence of the miogeosynclinal area of distribution of Triassic rocks; the area coincides ap signed to interval A. It is subdivided by Moritz (1951, p. Woodside formation (Moritz, 1951, p. 1797). The northern 
basin was not uniform. When sedimentation kept pace with defining it, Fennem an (1H05, p. 24-26) assigned the entire margin of the Dinwoody formation coincides approximatelyproximately with the present Denver basin though it is of 1794) into a "lower limestone member", a "sandstone mem
regional sinking, shallow-witter conditions prevailed, ,vith formation questionably to the Triassic system. The Per smaller extent. Triassic rocks are thickest along a belt ber", and an "upper limestone member". The "J/eekoceras with the corresponding margin of interval A. The vVood
well-aerated bottoms and active bottom currents that dis- mian-Triassic boundary is considered by Lavington and almost parallel to, but slightly west of, the structural axis zone which is included in the Thaynes in most localities side formation and Thaynes limestone do not extend as 

10 
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far north in southwestern Montana as the Dinwoody for liston basin. Thus, he concludes that no Triassic rocks are includes Middle and part of Late ,Jurassic time. South and lines and the abundance of fine-grained red detrital rocks the Permian system (p. 4, col. 5), at least until additional 
mation. These Lower Triassic formations probably were represented in this part of North Dakota and Montana. east of this area, Middle Jurassic calcareous sandstone of may be explained by deposition on broad mud flats and data become available. 
once more widespread through west-central and northwest In contrast to Zieglar's conclusions, all the Spearfish the Sawtooth formation overlies the Thaynes limestone of alluvial plains. In southeastern California Lower Triassic rocks ·which 
Montana but were removed in those areas by pre-Jurassic formation of the Black Hills, except for the lower part of Early Triassic age. In central Montana, red beds, gypsum, Coarse detrital rocks in south-central Montana, north are as yet unnamed in publication are described by C. W. 
erosion (Moritz, 1951, p. 1798). The three formations cannot the red and green shale unit, is assigned by H. D. Hadley and associated normal marine beds of the Piper formation western North Dakota, and in a small area in north-central Merriam (written communication, 1956) and B. K. Johnson 
be traced as individual units eastward from areas of maxi and P. ,T. Lewis (Reeside and others, 1957, p. 1484--1486) -the eastward equivalent of the Sawtooth-overlie non North Dakota indicate nearby elevated source areas. (1954, p. 69). Those formations described by Merriam are 
mum thickness. to the Triassic system. The dolomite and gypsum unit is marine sandstone and associated muclstone of the Chug In the Williston basin, a large alluvial plain may be included in units previously reported briefly by Kirk (1918, 

The range in thicknesses of rocks of interval A in the correlated with the Dinwoody formation by them on the water formation. represented by southeast-trending tongues of sandstone that p. 47). 
Williston basin may be attributable to deposition of Lower basis of subsurface correlations across the Powder River have their apices in northwestern North Dakota and south The Bully Hill rhyolite in northern California was con
Triassic sediments on an irregular topographic surface, to Basin to the Bighorn Basin ( fig. 9A). They believe that the eastern Saskatchewan. The thin mudstones which separate sidered by Diller (1906, p. 8) to be series of extrusivea 
differential subsidence, or to erosion which removed an only significant unconformity ·within the Spearfish fornm the sandstone tongues are interpreted as the result of over rocks. Later this formation was interpreted by Grat.on 
unknown quantity of rock from the top of the Spearfish tion in the vVilliston basin lies at the base of the upper wash on topographic highs. ( 1910, p. 82), Hinds ( 1933, p. 108), and others as an in
formation prior to the Middle ,Jurassic. siltstone (Saude fo1'mation), which contains a basal con In east-central Montana, a coarse-grained rock filling trusive rock. Kew evidence favoring Diller's intklrpretation 

Lithofacie8 trend8.-Marine limestone and mudstone are glomerate. Their correlations of the units in the Williston channel-like depressions in mudstone possibly is related has recently been found by Albers ( 1953, p. 5). Although 
dominant in rocks of interval A in southwestern Montana. basin with those in the Black Hills are shown in figure 9A. to sandstone facies in northwestern North Dakota (pl. 3, published evidence is inadequate for satisfactory evalua
In contrast, rocks farther east consist almost exclusively of On the basis of these correlations and the age assignments fig. 1). Small lenses of limestone among continental red tion, the interpretation of Diller and Albers is accepted in 
red detrital strata ( sandstone, siltstone, and mudstone) in of the Spearfish formation in the Black Hills area, Hadley beds are believed to represent lacustrine deposits, and this folio. 
various proportions but include scattered, thin lenses of and Lewis consider the Saude to be of Triassic age, the local units containing appreciable proportions of gypsum The Seven Devils volcanics in western Idaho are said to 
anhydrite and limestone. Pine salt of Early Triassic age, and the Spearfish ( re are interpreted as playa or bolson deposits. range in age from Permian to Late Triassic ( Cook, 1954, 

Two areas (pl. 3, fig. 1) dominantly of sandstone suggest stricted) of Permian age. Paleotectonic implication8.~In southwestern Montana, p. 3). Although some of the rocks in Idaho may be of Early 
the probable sources of detrital sediments that formed rocks In southeastern Saskatchewan the lower part of the moderate rock thicknesses and predominance of marine and Middle Triassic age, no fossils diagnostic of those ages 
of interval A . One area is in south-central Montana, along Watrous formation may include beds correlative with the types support the interpretation of a miogeosyncline in have yet been found in the region. The only faunas reported 
the northern margin of the Chugwater formation, and the Spearfish formation, but the upper part of the ·watrous this area during Early Triassic time. Alternating zones of (R. S. Cannon, written communication, 1956) are of Per
other in northwestern North Dakota and Saskatchewan. formation is equivalent to beds in the Gypsum Spring for Olaraia and Lingnla in the Dinwoody formation reflect mian and Late Triassic age. Moreover, all Triassic rocks in 
The increasing proportion of mudstone east, south, and west mation of Middle ,Jurassic age or to beds of the evaporite mildly unstable tectonic conditions, according to Moritz adjacent parts of Oregon are assigned to the Upper Trias
from these areas, suggests that the source was to the north. unit of the Piper formation. As stated by Milner and (1951, p. 1800). Interbedcling of limestone with mudstone sic. For these reasons, none of the Triassic portions of the 

In the "Williston basin area, a subordinate trend in litho Thomas (1954, p. 256), "In the southern part of the Prov and siltstone and interfingering of marine with nonmarine Seven Devils and Casto volcanics are assigned to intervals 
facies is apparent in linear belts, alternating between dom ince [Saskatchewan], the typical red shale of the "\Vatrous strata also indicate mild instability. A and B in this folio. 
inant sandstone and dominant mudstone and aligned in a formation is underlain by an orange-red sandstone of pos Fresh feldspar in siltstone of the Woodside formation Thickness trend8.-0n the basis of meager and incom

FIGURE 20. Isopach map of interval A in the ·wmiston basin exsoutheasterly direction. In general, the dominant mudstone sible aeolian origin. This is generally considered by Sas suggests relatively rapid deposition with little weathering plete data available, the maximum thickness of rocks ofclusive of the Saude formation (Zieglar, 1955) .
belts coincide with areas of thinning and the dominant sand katchewan geologists to be the basal part of the Jurassic (Dapples, Krumbein, and Sloss, 1948, p. 1943, table I), interval A in the "\Vest Coast region is somewhat greater 
stone belts with areas of thickening. red beds, but it may be Triassic in age, correlative with the and the alternation of siltstone and limestone in the Thaynes than 3,000 feet. An exceptional thickness of 8,000 feet re

In South Dakota, interval A is composed of predomi Spearfish formation of South Dakota." limestone indicates a continuation of fluctuating conditions. corded in southern California may be too great, as the age 
nantly fine-grained detrital rocks. The area immediately In this folio, the Saude formation of the Williston basin ,¥ell-sorted quartz siltstone and sandstone, and normal ma of one 4,000-foot unit of volcanic rocks, included in this 
east of the Black Hi]]s, however, contains slightly more is tentatively considered Lower Triassic(?) on figure 9c rine and fragmental limestone in the Thaynes limestone, interval, is in doubt (Johnson, 19i"i4-, p. o9). 
sandstone than adjacent areas. and is included in interval A on plate 3, figure 1, because however, suggest that tectonic conditions were more stable Lithofacies trends.-In northeastern Kevada interval A 

Several small areas containing rather large concentra it is apparently continuous with Lmver Triassic units of than during the time that the Dinwoody and Woodside contains interbedded limestone, claystone, siltstone, and 
tions of evaporite lie in eastern Montana, North Dakota, the Black Hills and south-central Montana ( sections C-C' formations were being deposited (Moritz, 1951, p. 1800). sandstone. In southern Nevada and adjacent California fine
and South Dakota (pl. 3, fig. 1). and D-D', pl. 3, fig. 1). The Pine 8alt is believed to be the In central Montana, southeastern Saskatchewan, and pos grained detrital rock containing gypsum and minor car

Stratigraphic relation8.-Rock types of the Spearfish lateral equivalent of the interbedded mudstone and an sibly in a small area east of the Triassic boundary in north bonate rock grades westward into a facies containing more 
formation exposed at the surface in the Black Hills of west hydrite and the dolornite and anhydrite units of the Per eastern :North Dakota, warping before Early Triassic time carbonate rock but no gypsum. In western Nevada sand
central South Dakota include in descending order: mian portion of the Spearfish formation in the Black Hills (or possibly contemporaneous warping, as indicated by the stone and mudstone are the chief lithic constituents but in 

Siltstone with minor amounts of red mudstone and dis and is therefore considered of Permian age. Moreover, concentration of sandstone at the top of section D- D', pl. northwestern Kevada interval A includes volcanic rock in 
continuous conglomerate beds evaporites, especially salt, are more common in the Permian 3, fig. 1) is inferred from lithofacies and thickness trends. minor amounts. Those volcanic rocks in California shown 

Mottled mudstone containing minor amounts of anhydrite than in the Triassic system. Similarly, the Dunham salt is East of the present eastern margin of Triassic rocks, and on plate 3, figure 1, are not known with certainty to be of 
and a few thin dolomite lenses considered a facies of the Piper formation of Jurassic age elsewhere, fine-grained Perrninn sediments undoubtedly Early Triassic age. Those in northern California are rhyo

Red mudstone with several anhydrite interbeds and because its lithology indicates a distinctly different environ were eroded from warped areas, but because these source litic; those in southern California are andesitic. 
capped by a thin but persistent anhydrite bed ment from that of the underlying Saude fornwtion. The rocks were fine grained, concentrations of detritus derived Upper boundary of interval A.-The upper boundary of 

Spearfish (restricted) of Zieglar (1955, p. 50) is considered A dolomite and gypsum unit from them are not apparent in facies patterns on plate 3, interval A coincides with formation boundaries in the east
Red and green mudstone with interbedded dolomite and of Permian age because it is correlated with the red and figure 1. ern half of Nevada. Farther west the interval boundary lies 

25 25 50 Miles gypsum. green shale unit of inferred Permian age in the Black Hills WEST COAST REGION within the Bully Hill formation in northern California, 
The Spearfish formation of the ,Villiston basin has been surface sections. 

FIGURE 21. Isopach map of the Saude formation ( Zieglar, 1955) in By K. B. Ketner the China Mountain formation in Nevada, and an unnamed 
subdivided recently by Zieglar (1955, p. 50) into four, "ten A disconformity comparable to that at the base of the )forth Dakota, Sonth Dakota, ·wyoming, and Montana. formation in the Inyo ]\fountains of California ( table 1). 
tatively" named, traceable units. They are, in ascending Saude in the ,Villiston basin is recognized in south-central Formation8 included.-Formations in Nevada assigned to These formations are divided between intervals A and B 
order ( fig. 9B) : Spearfish formation (restricted), reddish Montana where known Lower Triassic strata overlie rocks In the vVilliston basin, the Saude formation is overlain interval A are the Moenkopi, Candelaria, Tobin, Dixie Val because availttble evidence indicates that they span the 
brown mudstone with various amounts of orange siltstone; of Guadalupe age to the south and rocks of Pennsylvanian by an evaporite unit of the Piper formation, whi.ch recently ley, and unnamed units in the northeastern part of the boundary between Early and Middle Triassic time. Al
Pine salt, predominantly salt but containing some anhydrite age to the north. These disconformities may be of the same has been named by Nordquist (1955, p. 104) the Poe evapo State thought to be of Early Triassic age (Clark and though the Bully Hill has not been elated by direct means, 
and mudstone; Saude formation, reddish-orange siltstone age. rite rnernber of the N esson formation. The Dunham salt is Stokes, 195G, p. 1G86). The lower part of the China }foun it seems to overlie Permian volcanic rocks withont promi
and fine-grained sandstone; and the Dunham 8alt, pre Isopach and lithofacies trends in the 'Williston basin considered a facies of this member. The evaporite unit is tain formation is also included in interval A. In California nent angnlar disconlance (Albers, 1953, p. 5) and to grade 
dominantly salt and of local extent. region indicate that during interval A sediments were de easily distinguished from the underlying siltstone in well the Moenkopi formation, lower part of the Bully Hill into the Pit shale of Middle and Late Triassic age (Diller, 

From subsurface stratigraphic studies Zieglar concludes posited in two distinct areas of downwarping, roughly di cuttings and, locally, an unconformity is suggested by a rhyolite, and some unnamed formations in the southeastern 1906, p. 4). The China ]\fountain format.ion is equivalent 
that the Pine salt, Saude formation , and Dunham 8alt are vided by a line from southeastern Montana to northwestern conglomerate in the lower few feet of the Poe evaporite part of the State are assigned to interval A. to parts of the Dixie Valley formation of Early Triassic 
conformable; that the Saude fo~"1nation has the greatest South Dakota. Possibly the sediments of these two areas member. The conglomerate has been recognized in many Lower Triassic rocks in northeastern Kevada are litho age and the Favret formation of Middle Triassic age (Fer
areal extent of the three units and unconformably overlies ·were deposited at different times. Although the Saude for wells on the east side of the ·williston basin (:Nordquist, logically similar to the "\Voodside, Thaynes, and Moenkopi guson, Muller and Roberts, 1951A). Finally, an unnamed 

rocks of Paleozoic age where it overlaps the Spearfish mation of the ,Villiston basin has been tentatively assigned 1955, p. 104). formations farther east according to vVheeler, Scott, and formation in the Inyo Mountains of California is believed 
to be partly of Early and partly of Middle Triassic age on(restricted) and Pine salt; and that the Spearfish (re to interval A in this report, its age, in the absence of diag In South Dakota the contact between basal gypsum beds Thompson (1949, p. 1928). Furthermore, the section is said 
the basis of contained fossils (C. vY. Merriam, written comstricted), on the other hand, is thin in places along its nostic fossils, remains unknown and a possible Jurassic of the Gypsum Spring formation (believed equivalent to by Wheeler ( 1952, p. 1311) to closely fit descriptions of the 
munication, 1056). A plus sign is used with each of these

margins because uppermost strata have been eroded. age of this formation (Zieglar, 1955, p. 55) is cited above. the evaporite unit of the Piper) and underlying red silt Dimrnocly, Thaynes, and Timothy formations. A series of 
control points on plate 3, figure 1, to represent an unknownFigure 20 illustrates this alternative interpretation; it is stone or mudstone of the Spearfish format ion is sharp. beds described in detail by Snelson ( 1955, p. 22) is tentaOn the basis of his inferred relations, Zieglar postulates thickness of Lower Triassic rock in each of these three an isopach map of rocks of interval A with the Sande In southern South Dakota the Gypsum Spring formation tively referred by him to the Dinwoody and Tlmynes fora significant unconformity at the base of the Pine salt, formations.

formation excluded. Figure 21 shows present margins and is absent and light-colored sandstone of the Sundance for mations, but no formational names are applied by Clarkwhich he correlates with the regional unconformity at the Environments of deposition.-Evidence that the Moen
thicknesses of the Saitde formation. mation of Late Jurassic age unconformably overlies reel and Stokes (Hl56, p. 1686), who <lescribe Lower Triassicbase of the Jurassic system in south-central Montana. In kopi formation is the product of deposition in shallow-sea,

Upper boundary of foterval A.-An unconformity at the beds of the Spearfish formation. rocks throughout :t wide area in this part of the state. The
the absence of paleontological evidence, he suggests a delta, lake, playa, and flood-plain environments is sum

top of the rocks assigned to interval A in Montana, North Environrnent8 of depo8ition.-The large proportion of Early Triassic rtge of !hese beds is accepted for the purposes marized by McKee (1954, p. 78) . .Although his study wasJurassic(?) age for the Pine salt, Saude formation, and Dakota, and South Dakota separates these rocks from limestone containing marine fossils in interval A in south of this folio and these rocks are therefore assigned to made in Utah and Arizona, he states (McKee, 1954, p. 48)Dunham 8alt units. He believes that the total Spearfish overlying formations of Jurassic age. Over most of this western :Montana reflects the predominantly marine en interval A, but no attempt is made to correlate them in that members of the Moenkopi recognized in southwesternformation in the Black Hills is equivalent to his Spearfish region the hiatus is believed to represent Middle and Late vironment in ,...-hich the sediments ,Yere deposited. Alternat detail ,Yith Early Triassic formations in neighboring states. Utah are present in southern ~evada also.
(restricted) only, in the "Williston basin. Although he con T~iassic and Early .Turassic time. Evidence that formations ing zones of Lingida and Olamia in the DimYoody forma The upper pltrt of the Koipato formation of northern Repeated alternation of continental and marine beds indi
siders the upper siltstone of the Spearfish formation in of these ages ever were deposited here is lacking. In an tion are interpreted as evidence of alternating lagoonal Nevada is repor!ecl (N.•T. Silberling, ,Hit ten communica cates successive incursions of the f'ea (McKee, 1954, p. 80). 
the Black Hills to be of Triassic age, he believes this unit area in Beaverhead and Silver Bow Counties in south and normal neritic environments by Moritz (19i"il, p. 1800). tion) to include, at one plaee, fossils tenta.tively assigned vVestwarcl thickening of the Moenkopi formation (McKee, 
to be beveled northward and not represented in the vVil- western Montana, the time represented by the hiatus also Eastward from this area, the wide spacing of isopach to Trin,ssic age, but the entire formation is here retained in 1954, p. 24) and westward decrease in gypsum (pl. 3, fig. 1) 
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indicate that open se,a lay to the west. The uniformly fine 
grain of the Moenkopi formation is evidence of subdued 
peripheral topography. 

Abundant fossil amphibians suggest continuously warm 
climate and evaporites such as gypsum suggest aridity for 
at least part of the time (McKee, 1954, p. 76). 

The Candelaria formation of southwestern Nevada is con
sidered a marine deposit on the lmsis of its content of 
marine invertebrate fossils. 

The Tobin formation of northwestern Nevada contains 
fossils which are considered indicative of a shallow-water 
marine environment (11:uller, Ferguson, and Roberts, 1951). 
The very coarse-grained texture of the Tobin, Dixie Valley, 
and China Mountain formations is consistent with this 
interpretation. 

In northeastern Nevada, also, the rocks of interval A 
contain marine fossils. Their diverse lithologic composition 
suggests varied environment and source materials. 

The known distribution of Lower Triassic marine rocks 
proves that marine waters covered much of northeastern, 
central, and southern Nevada and southeastern California 
during interval A. The northwestward trend of thickening 
in 1; tah (pl. 3, fig. 1) indicates that seas may have covered 
parts of eastern Nevada not now known to contain rocks 
assigned to this interval. 

Presently known distribution of the rocks of interval A 
suggests a strait across southern California connecting the 
southern part of the Early Triassic interior seaway with 
open sea to the west. Gypsum-bearing coastal lagoon and 
continental sedimentary rocks in southern Nevada grade 
westward into rocks of marine origin in southern Cr1lifornia. 

Paleoteotonic iniplications.-Thicknesses and composition 
of rocks of interval A are interpreted as evidence that the 
·west Coast region ·was the site of a miogeosyncline during 
Early Triassic time. 

Volcanic rocks are shown on the map of interval A (pl. 
3, fig. 1) in three places. The Early Triassic age of those in 
California is open to question. The age of those in Kevada 
is definitely Early Triassic, but the rocks are minor in 
extent and thickness. Possibly T r iassic vulcanism did not 
attain significant proportions until ·Middle Triassic time. 

The geanticline which appeared in southern California 
and ~evada during Permian time and later extended north
ward over a large area in the West Coast region (Nolan, 
1943, p. 172) seems to have been confined to a small area in 
southern :N"evada in Early Triassic time. 

INTERVAL B (PL. 3, FIG. 2) 

Interval B is the middle of three divisions of the Triassic 
system used in this folio. In it are all rocks known, on the 
basis of fossils, to be of Middle Triassic age and correlative 
with the Anisian and Ladinian of Europe. Some tmfos
siliferous rocks in parts of the vYestern Interior may also 
be of )fiddle Triassic age but are assigned to intervals A 
and C in this folio. 

ADVANCE SUMMARY 

The area occupied by rocks assigned to interval B is 
limited to western Nevada and adjacent parts of California 
(pl. 3, fig. 2) ; it is very small compared with the areas of 
rocks assigned to intervals A and C. Limestone, dolomite, 
graywacke, and varieties of volcanic rock, thousands of feet 
thick, are the main types of rock in interval B. 

In certain easterly sections, proportionately large amounts 
of limestone in rocks of interval B suggest that these areas 
may originally have been in central parts of a geosyncline 
and that strata of Middle Triassic age once extended con
siderably farther er1st. Probably the original geosynclinal 
margin is represented by undated stratlt of possible Middle 
Triassic age, now assigned to intervals A and C, in southern 
Nevada and in parts of Utah and ,vyoming. 

Rocks assigned to interval B are considered to be largely 
or entirely of marine origin; strata of continental origin, 
unless represented by some of the volcanic rocks, are absent. 

WEST COAST REGION 

By K. B. Ketner 

F orniations included.- Formations in Nevada assigned 
to interval B are the Excelsior and Grantsville formations 
of southwestern Nevada, and the Prida, Natchez Pass, 

Favret, Panther Canyon, Star Peak, and Augusta Moun
tain formations of northern Kevada (table 2). Only the 
upper part of the China :\fountain formation of northern 
Nevada is assigned to interval B. Unnamed marine strata 
in Inyo County, Calif., and volcanic rocks in Alpine County, 
Calif., thought to be equivalent to the Excelsior formation 
of ~evada (Curtis, 1951) and the upper part of the Bully 
Hill rhyolite and lower part of the Pit shale of northern 
California are also assigned to interval B. 

Assignment of the Excelsior formation of southwestern 
Nevada to interval B is based on poorly preserved fossils 
from a single locality (xiuller and Ferguson, 1939, p. 1589). 
The Excelsior formation possibly is of Early Triassic rather 
than Middle Triassic age, however (Muller and Ferguson, 
1939, p. 1589). If so, thick sections of volcanic and cherty 
rocks in southwestern Nevada shown on plate 3, figure 2, 
should be shown on plate 3, figure 1. The fossiliferous rocks 
referred to above may have been miscorrelated with the 
Excelsior formation, according to N. J. Silberling (oral 
communication, 1957), and the unfossiliferous Excelsior of 
the type area ( Excelsior Mountains) and its equi val en ts 
may range in age from Permian to earliest Triassic. 

The upper part of the unfossiliferous China Mountain 
formation of northern Nevada is believed to be equivalent to 
the Favret formation of )t[iddle Triassic age (Ferguson, 
:VIuller, and Roberts, 1951a) and is, therefore, included in 
interval B. Because the thickness of the Middle Triassic part 
is unknown, it is represented on plate 3, figure 2, by plus 
signs. 

The Star Peak formation of northern Nevada, described 
by Cameron (1939, p. 580), is assigned to interval B. Al
though Cameron assigned part of the formation to the Upper 
Triassic series, recent work by N . •T. Silberling (oral com
munication, 1957) indicates that the entire formation is 
probably of Middle Triassic age. 

In the Inyo Mountains of southeastern California, the up
per part of a marine limestone and mudstone unit is con
sidered of Middle Triassic age (C. W. Merriam, written 
communication, 1956) and therefore is assigned to interval 
B. The lower boundary of the interval is uncertain because 
it lies within a lithologic unit. The upper boundary is at 
the top of the marine unit, but part of the overlying con
tinental sedimentary and volcanic rocks assigned to interval 
C may be of Middle Triassic age (Reeside and others, 1957, 
p. 1470) and, if so, would more properly belong to interval B. 

The upper part of the Bully Hill rhyolite of northern 
California. is assigned to interval .B because it interfingers 
with part of the Pit shale of Middle Triassic age. The pos
sibility that this rhyolite is intrusive rather than extrusive 
is discussed under interval A ( p. 11, col. 5). 

The Pit shale ranges in age from Middle to Ln,te Triassic 
(Smith, 1927). The lower part is therefore assigned to in
terval B. 

Thickness trends.-Formations assigned to interval B are 
limited to western Nevada and adjacent parts of California. 
In southwestern Nevada, they attain a thickness of about 
10,000 feet (Muller and Ferguson, 1939, p. 1587). Data on 
thickness, unlike those of the rocks of intervals A and C, 
are too meager to establish the trend of the depression in 
which these rocks were deposited. 

Lithofacws trend8.- In southwestern Nevada volcanic 
rock and chert constitute a major proportion of the rocks 
of interval B. Elsewhere these rock types are subordinate 
in volume to carbonate rock and mudstone. In northwest-
-ern Kevada, volcanic rock seems to be confined to the lower 
plate of the Tobin-Golconda thrust fault. 

Upper boundary of interval B.- The upper boundary of 
interval B corresponds to formation boundaries in much of 
western Nevada. Rocks of interval C, however, are also in
cluded in the Pit shale of northern California, where the 
base of the Halobia zone of Smith (1927, p. 4) is considered 
the upper boundary of interval B. 

In western K evada the Luning formation of Late Triassic 
age lies with angular unconformity on the Excelsior forma
tion of probable Middle Triassic age ( Ferguson, Muller, and 
Cathcart, 1953) indicating local crustal disturbance i.n Trias
sic time. 

En·vironnient of deposition.-Rocks of interval n in west
ern Nevada were deposited in two distinct marine environ
ments. The thick deposits of chert, probably of volcanic 
ongm (Muller and Feri,,ruson, 1939, p . 1587), and volcanic 

rock in southwestern Nevada contrast wi.th moderately thick 
limestone, mudstone, and minor volcanic rock in the northern 
part of the state. Evidently the southwestern part of the 
state was a11 area of comparatively rapid subsidence and 
intense volcanic activity whereas the northern part was an 
area of slower subsidence and subdued volcanism. 

Paleotectonio implioations.-In the "\Vest Coast region the 
area of deposition seems, from incomplete evidence, to have 
been more narrowly restricted during Middle than during 
Early Triassic time, but the depth of subsidence and inten
sity of vulcanism ·were much greater. 

Connections with the sea may have been in northern and 
central California where marine rocks of interval B are 
closest to the present ocean. 

INTERVAL C (PL. 4) 

The uppermost of the informal divisions of the Triassic 
system used in this folio is interval C. Rocks included in 
interval Con plate 4 are approximately correlative with the 
Upper Triassic series ( table 1) and with the Karnian, 
N orian, and Rhaetian of Europe. 

The boundary between the Triassic and ,Turassic systems 
is difficult to recognize in many parts of the "Cnited States 
and its position is subject to disagreement. Differences of 
opinion reflect, in part, lack of full agreement among Euro
pean geologists as to the position of the boundary in the 
type region (Reeside and others, 1957, p. 1456). The prob
lem, ho"·ever, is chiefly attributable to the virtually continu
ous deposition believed to have taken place in many parts 
of the "\Vestern Interior from Late Triassic into Early ,Turas
sic time. Diagnostic fossils are very scarce, and contacts be
tween various lithologic units do not coincide with the sys
temic boundary. The lithologic units selected for map 
representation of the rocks of interval C, therefore, do not 
correspond fully to units that some other geologists have 
selected. For this reason, additional maps are included on 
plate 8, illustrating isopach and lithofacies 1;elations for 
certain areas with other units added to or subtracted from 
the rocks of interval C. A few additional maps are included 
to help explain other stratigraphic problems of this interval. 

Rocks of interval C a,re more widely distributed than rocks 
of either of the preceding Triassic intervals. They occupy 
large areas where older Triassic rocks are unknown in both 
the East Coast and ·west Coast regions and in Lhe south
eastern part of the "\Vestern Interior region. In contrast, 
rocks of interval C are more restricted in the northern part 
of the "\Vestern Interior region than are those of interval A. 

ADVANCE SUMMARY 

Discussion of interval C is divisible into three parts, on 
the basis of differences in geography, structure, and en
vironment of mttjor regions. These regions are the East 
Coast, the --western Interior, and the "\Vest Coast. 

East Coast region.- In the eastern part of the United 
States, Triassic rocks are exposed in troughs extending from 
Massachusetts to South Carolina. To the north, Triassic 
rocks are also exposed in the .Acadian area of Nova Scotia 
and inferred as a trough within the Gulf of Maine. To the 
south and cast, Triassic rocks have been reported from the 
subsurface in Florida, Georgia, and Alabama, ttnd in some 
wells of the Atlantic Coastal Plain. 

The structural framework in wh-ich the rocks were de
posited consisted of elongate troughs bom1ded by steeply di.p
ping faults. Initial deposits were derived from granitic ter
rains to the east and southeast, but some came from a meta
morphic terrain to the west and northwest. Periodic move
ments of the fault b9rders were responsible for increased 
transport and deposition of coarse detritus forming coa
lescing alluvial fans, while sand and mud accumulated in 
adjoining areas. In areas of reduced relief or restricted 
stream flo,v, swamps and lakes were developed in which 
fine-grained sediment and coal accumulated. 

Present troughs in which Triassic rocks are preserved are 
believed by some geologists to have been somewhat larger 
at the time of deposition, but still separate and isolated 
troughs. Other geologists believe that they are remnants of a 
single continuous trough. Present maximum thicknesses, 
exceeding 15,000 feet in many places, are not complete orig
inal thicknesses. Postdepositional faults and subsequent ero
sion account for present configurations of the troughs. 

Igneous activity during Late Triassic time is evident from 
basaltic lava flows, ,vhich extend as far south as Pennsyl
vania, and from diabasic intrusives throughout the eastern 
region from l\fassachusetts to Alabama. Intrusion is be
lieved to have accompanied Late Triassic faulting. 

Western fnterior.-In the ,vestern Interior, rocks of in
terval C are distributed through most of the region from 
northern ,vyoming and southeastern Idaho southeastward 
through "·est Texas and southwest"·ard into southern Ke
vacla and northern Arizona. The structural framework in 
which they formed consisted in general of a series of roughly 
elliptical, overlapping basins or localized dowmvarps into 
which detrital sediments "\Yere introduced from various di
rections. The rocks are, in general, 1,500 to 2,000 feet thick in 
the basin centers, but they thin toward the margins. Basin 
deposits overlap and combine to form an essentially con
tinuous, if irregular, blanket across the region. These strata 
are of continental origin and consist mainly of mudstone 
in basin centers but include much sandstone and conglomer
ate along most basin margins. 

Coarse detrital rocks in marginal parts of the "\Vestern 
Interior basins indi_cate that uplift with resulting rapid 
erosion occurred in adjacent areas. Such uplifted areas were 
in southern west Texas, in sonth-central New :\fexico and 
~\.rizona, in central Colorado and along the northern and 
eastern borders of "\Vyoming. During basin sinking, which 
probably was contemporaneous with this uplift, former 
positive elements such as the Zuni. in New Mexico, the De
fiance in Arizona, and the north,vestern extension of the 
1;ncompahgre in Utah were depressed by the downwarping 
and were buried by Upper Trin.ssic sediments. 

}Vest Coast region.- In the ,Yestern half of Idaho and 
Nevada and in California. a eugeosyncline developed, as at.
tested by exceptionally thick rock sections-as much as 
20,000 feet-and by the larie amount of volranic mnJerial 
in many places. In western Oregon ttnd northern "\Vash1 ngton 
large areas sank, apparently for the first time during the 
Triassic period. Sedimentary rocks in the "\Vest Coast region 
include much marine limestone and mudstone. 

Little information is available concernmg the area of 
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J<'IGURE 22. Triassic troughs of the East Coast region. 

central Idaho, northwestern Utah, and eastern Nevada dur
ing deposition of the rocks assigned to interval C. The rela
tionship between extensive basins of continental deposits to 
the east and the eugeosyncline with its thick marine and 
volcanic deposits to the west is largely unknown because of 
erosion in this region. At the northern end of the region, in 
southeastern Idaho, a coarsening of sediments toward the 
west and a lack of volcanic rock suggest that a geanticline 
in Late Triassic time separated this area from the highly 
volcanic region of western Idaho. Farther south, however, 
such a structure cannot be demonstrated and somewhere 
in that. area streams and rivers draining the large basins 
to the east may have reached marine waters of the geosyn
cline. 

Olimate.~Clirnatic conditions during much of Late Trias
sic time are postulated, largely on the basis of floral and 
faunal studies ( especittlly in North Carolina and in Arizona) 
and of mineralogical analyses (made in west Texas and New 
Mexico) to have been warm and moist- probably tropical 
or subtropical Some evidence indicates that rainy growing 
seasons alternated with dry seasons. Late stages of Late 
Triassic time, however, seem to represent times of increasing 
aridity, at least in the ,vestern United States, as indicated 
by uppermost rocks of interval C, which are interpreted as 
evaporitic limestone and eolian sandstone. 

EAST COAST REGION 

By J.C. MacLachlan 

In spite of the many papers that have been written about 
Triassic rocks of the East Coast region, relatively little is 
known about many of the troughs. At present, areas well 
enough known to justify presentation on an isopach map 
(pl. 4) are tl1e Deep River trough, Richmond trough, Penn
sylvania-New Jersey area, Connecticut Valley area in Con
necticut, and the north end of the same trough in )fassachu
setts ( fig. 22). Poor exposures and a lack of data from the 
deepest parts of each trough are obstacles. 

Formations included.--All exposed Triassic rocks of the 
East Coast region (fig. 22) are assigned to the Newark 

12 



• • 

• • • • 

group. Formation names have been given to subdivisions of 
the Newark group in various troughs. Because the troughs 
are generally discontinuous, these names are numerous and 
apply only locally. The correlation chart (table 1) which ac
companies this folio lists the names by area and indicates 
their approximate correlation. 

Two major subdivisions are common to the Newark group 
as a whole, and an intermediate unit is present locally in the 
Deep River trough, the Pennsylvania-Sew Jersey area, and 
in the Connecticut Valley area. The earliest deposit in each 
trough was an arkosic, shaly sandstone, known variously as 
the Pekin formation (Deep River trough), New Oxford for
mation (Maryland to New Jersey), and New Haven arkose 
and Sugarloaf formation ( Connecticut Valley area). These 
units are not everywhere of the same age ( table 1), 'but 
apparently reflect a similar history of initial deposition in 
each trough. 

A second major unit in some Triassic troughs is a fine
grained sedimentary rock which ranges from coal and black 
mudstone in the south ( Cumnock formation and Productive 
Goal llfeasures) to black mudstone and argillite in the cen
tral part of the East Coast Triassic area (Lockatong for
mation), and to mudstone with minor limestone in the north 
( l,feriden formation). The Cumnock and Lockatong forma
tions may be of nearly the same age, but the ;l/e1'iden f orma
tion is younger than the Lockatong. It includes lava flows 
which correlate with those of New ,Jersey where they are 
stratigraphically much higher than the Lockatong forn1a
tion. 

A third major subdivision of the Newark group is a red
bed sequence, composed of claystone, siltstone, and sand
stone, which is characteristic of all the Triassic troughs of 
the F.ast Coast region except the Richmond trough. This 
unit is generally non-arkosic from New Jersey southward, 
but in the Connecticut ValJey area it contains notable quan
tities of arkose. 

Nearly continuous deposition is indicated by the Newark 
group, and where the fine-grained, dark sediments are pres
ent, they can be shown to grade laterally and vertically into 
the other types of sediment ( except the 111eriden formation 
which includes lava flows at base and top). 

Local development of coarse fanglomerates in Pennsyl
vania and New ,Jersey, and of border conglomerates in most 
of the other troughs is an indication of the activity of bor
der faults during Late Triassic time. Some of these units 
are extensive, for example the Robeson conglomerate of 
Pennsylvania, and extend for a considerable distance into 
the trough (pl. 7, fig. 1). 

Illustrations of the distribution of various types of lithol
ogy as exposed on the present surface are shown for two 
typical troughs, Pennsylvania ( pl. 7, fig. 1), and North 
Carolina ( pl. 7, fig. 2). 

Triassic(?) rocks in the subsurface of the Coastal Plain 
bordering the Gulf of Mexico and the Atlantic Ocean are 
assigned to the Newark group, undivided. They are litho
logical1y like the Newark group where it is exposed and are 
below rocks of Cretaceous age. Jurassic fossils have been 
identified in similar rocks in the Hatteras Light No. 1 well 
of North Carolina (Swain, 1952, p. 59; loc. 1, North Caro
lina). In the Gulf Coastal Plain west of Alabama other 
rocks of similar lithology have been assigned to the ,Juras
sic system (McKee and others, 1956). Some units of Jurassic 
age may be included in the subsurface Newark group of the 
Coastal Plain but to elate they have not been differentiated. 

Thiclcness trends.-Isopach lines on the map of interval C 
(pl. 4) are generalized in the East Coast region, but they 
show a similarity: the troughs are deepest on one side-the 
downthrown side of each fault border. The Richmond trough 
where the greatest thickness is near the center of the trough 
is the only exception. The present thicknesses of the N e,rnrk 
group represent only a part of the original deposits ( fig. 23) ; 
thus, trends shown are only suggestive of the original depo
sitional trends. 

Environment of deposition.-The climate during deposi
tion of Triassic sediments of the East Coast region probably 
was warm to temperate, with moderate to high rainfall, sea
sonally distributed. Local topographic relief was low in the 

and temporarily increased the relief of the trough margins. 
As this region encompassed approximately 10 degrees of 
latitude, climatic and physiographic conditions at either 
end undoubtedly were different. 

w E 

A. Triassic rocks were much thicker than those now preserved in a 
trough , particularly along its easte rn margin. Prese nt thicknesses 
reflect effect-; of faulting on west and erosional truncation to form 
wedge-shaped block. 

w E 

B. Triassic rocks were only slightly to moderately thicker than those 
now presen1ed in a trough. Loci of maximum deposition shifted 
progressively across trough so that no single part of this trough 
contains a complete section of rocks. 

FIGURE 23. Diagrammatic cross-sections of an East Coast Triassic 
trough illustrating alternative interpretations of original thick
nesses of sediment. 

Evidence for the above conclusions has been presented by 
several authors. The idea of a warm climate with seasonal 
rainfall was developed by Krynine (1936, p. 87; 1950, p. 6) 
on the basis of observations of modern sediments and envi
ronments in Mexico. The climate during rleposition of the 
Newark was likened to that of the present southeastern 
United States by Reinemund (1955, p. 53). All work done 
on the Newark group before 1892 is summarized by Russell 
( 1892, p. 52-53), and he presents an interpretation of the 
environment essentia1ly similar to that stated above. 

The floor of the Triassic trough at the northern end of 
the Connecticut Va1ley was demonstrated by Bain (1941, p. 
275) to have considerable relief. In Pennsylvania, also, the 
floor of the Triassic trough had moderate relief as noted by 
McLaughlin (1945, p. 112; 1946, p. ·97) and by McLaughlin 
and Willard (1949, p. 39). Fanglomerates of Triassic ftge 
are related to the faulted margins of troughs as well as to 
features of relief on the floors. Similar observa,tions con
cerning local areas have been contributed by many others 
in recent years. 

Geologists who have studied the Newark group in general 
agree that a great volume of rock has been removed since 
deposition, but there is disagreement on the former extent 
of the sediments. Under one interpretation, the present 
troughs occupy approximately the same area as when 
formed. Another interpretation is that the troughs were 
once much more extensive and possibly connected, where now 
separated. 

Paleotectonic implications.-The base of the Newark 
group, where exposed, is a marked unconformity. No rocks 
of Permian, Early Triassic, or Middle Triassic age are pres
ent below rocks of Late Triassic age in the East Coast 
region. Associated rocks of Pftleozoic age are deformed, 
whereas the Triassic rocks have been only tilted and faulted. 
A long period apparently elftpsed during which deformation 
and erosion preceded deposition of the Newark group. Fault
ing during Late Triassic time can be demonstrated by the 
fanglomerates developed. The Newark group is cut by post
depositional faults. Erosion of the Newark group is ap
parent from beveled remnants within the troughs. 

The Ne,rnrk group is believed to represent deposits formed 
in small, narrow troughs, each of which was faulted 
along one margin. The troughs were filled \Yith nonmarine 
sediments and may have been connected. Eventually deposi
tion ceased and erosion lowered the surface progressively 
until only remnants of the original deposits rerrrnined. 

During the latter stages of the depositional cycle several 
lava flows ,rnre extruded. Volcanie activity may have con

SOUTHWEST REGION 

By E. D. McKee 

Formations included.-Rocks of interval C in the South
west region include (table 1) the Dockum group in Texas 
and eastern New Mexico, the Bissett conglomerate in south
ern west Texas, the Chinle formation in central northern 
New Mexico, the Chinle formation and Wingate sandstone 
(in ascending order) in northwestern New Mexico and ad
joining parts of Arizona, and the Chinle and Moenave for
mat ions in middle and western parts of northern Arizona. 

Many names liave been applied locally to members or 
other subdivisions of the Dockum group and the Chinle 
formation. Some of these names have been extended widely. 
Cross sections prepared in connection with the present study 
(figs. 24, 25) show that most of these lithologic units are 
of only local distribution and that widespread application 
of their names is invalid (p. 21, cols. 4:-5; p. 22, cols. 1-2). 
A similar conclusion was reached by Adams (1929, p. 1054) 
in west Texas, for he states that "little dependence should be 
placed on correlations thus established, because most of the 
beds are very lenticular and also because very similar beds 
occur at different horizons." In discussing subdivisions of the 
Dockum group in the Texas Panhandle, Green (1954, p. 17) 
also states that lateral variations there are too great to ex
tend such units far to the west or south. 
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FIGURE 24. Section alo1ig eastern margin of Dockum group in west 
Texas from Amarillo to Camp Springs showing inferred relations 
between local sandstone and conglomerate units. 
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FIGURE 25. Distribution in Dockum group of sedimentary units that 
have been designated by formal names. 

The age of the Bissett conglomerate, described by King 
( 1931, p. 85), from outcrops in the Glass Mountains of Brew
ster County, Tex., has been subject to disagreement. In 
part, on the basis of relations with overlying and underlying 
formations, as established in the field, and in part on paleon
tological evidence, it has variously been assigned to the late 
Permian (King, 1931, p. 89; Sellards, Adkins, and Plummer, 
1933, p. 155), the Early Triassic (Lang, 1935, p. 270; King, 
1935, p. 1545), the Late Tria,gsic (King, 1937, p. 110), and 
the Cretaceous (King, 1942, p. 663-664). In this folio the 

primarily on the agreement of isopach trends of the Bissett 
with those of the Dockum of Late Triassic age immediately 
to the north. Furthermore, environmental considerations 
indicate that the Bissett is probably a near-source facies on 
the margin of the Late Triassic depositional basin and in the 
known direction of source material. Evidence for this age 
is further supported by Case's appraisal (King, 1937, p. 110) 
of the fossil specimen Desmatosuchus and by Read's reex
amination (King, 1935, p. 1545) of plants and their assign
ment to Triassic rather than Permian age. 

Thickness trends.-Isopach lines illustrating the thickness 
of rocks of interval C in the Southwest (p1. 4) show four 
areas of maximum thickness: Rocks of interval C exceed 
2,000 feet in Cochran and Yoakum Counties, west Texas, 
north and east of the southeastern corner of New Mexico. 
They consist of about 1,400 feet of strata northwest of Coch
ran and Yokum Counties, west Texas, in central-eastern 
New Mexico. They attain thicknesses of 2,300 feet still far
ther to the northwest, in northwestern New Mexico near the 
Four Corners region. They are more than 2,000 feet thick 
in northeastern Arizona immediately west of the Defiance 
uplift. 

From the four principal centers of maximum thickness 
described above and illustrated (pl. 4), isopach lines depict 
irregular thinning of Triassic rocks in all directions. The 
irregularity is largely the result of subsequent erosion which 
apparently removed relatively little Triassic rock from the 
protected centers, but very large amounts along the margins. 
Triassic strata were eroded almost completely from large 
parts of northwestern Arizona, south-central New Mexico, 
and parts of the Texas Panhandle, for instance, although 
a few outliers or residual patches remain as evidence of a 
former, much wider distribution of these rocks. Elsewhere, 
near present margins, erosion is responsible for a rapid rate 
of thinning as in southeastern New Mexico where beveling 
has removed successively lower units from east to west, and 
in Pecos County, Tex., where Triassic rocks are absent lo
cally over a buried hill called the "Fort Stockton high" 
(Scobey and others, 1951). Triassic rocks are beveled also 
in the Texas Panhandle, central-western Kew Mexico, and 
along much of the southern margin of the Triassic in Ari
zona. 

Areas of maximum thickness of Upper Triassic rocks in 
northwestern New Mexico and northeastern Arizona are ex
plained partly as the result of a continuation in that region of 
Late Triassic basin sinking and sedimentation aft.er those 
processes had ceased farther east. The younger strata in
volved constitute the ·wingate sandstone that overlies the 
Chinle and accounts for as much as 400 to 500 feet of sec
tion. That the ·wingate sandstone (Lukachukai member) is 
younger, rather tlum equivalent in age to the youngest Trias
sic strata (Redonda member of the Chinle) of eastern New 
Mexico and of Texas, is indicated by fauna] evidence ( fig. 
26). This relation is further supported by evidence indicat
ing that the Wingate sandstone represents part of a con
tinuous depositional sequence in this area, extending from 
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Late Triassic into Jurassic time, whereas farther east Upper 
Triassic rocks are terminated upward by an unconformity 
and a marked change ju lithology. 

Lithofacies trends.-The lithofacies map of rocks assigned 
to interval C (pl. 4) shows only sandstone and mudstone, 
in various proportions, in the Southwest. Not shown is a 
significant but relatively small amount of limestone which 
occurs as thin beds and concretions near the top of the Chinle 
formation and the Dockum group across large parts of New 
Mexico and Arizona and in parts of Texas. This limestone 
forms 2 to 5 percent of the rock in many places, ati amount 
insufficient to show on the map. Bedded gypsum or anhydrite 
is absent in rocks of interval C of this region. 

In Texas and eastern New Mexico the most. prominent 
features shown on the lithofacies map are (1) a large central 
area composed almost entirely of mudstone and (2) areas 
of proportionately abundant sandstone and conglomerate 
along the eastern, southern, and southwestern margins. The 
concentration of mudstone in the central part of the basin, 
where the rocks of interval C are thickest, is attributed to 
distance from source areas around the basin. Abundant sand
stone in marginal areas, however, cannot be attributed solely 
to proximity to source. Along much of this marginal area 
the upper part of the Dockum group, which is mainly mud
stone, has been removed by erosion during several periods 
and the remaining lower parts are mostly sandstone. This 
explanation has been made for the area along the eastern 
escarpment, from the Panhandle southward (Green, 1954, 
p. 44), and for the southeastern and southern margin in 
Texas (Adams, 1929, p. 1052). It also clearly applies to the 
thin edge in southeastern New Mexico. 

Rocks of interval C are thick in the west-central part of 
northern New Mexico and consist largely of mudstone (pl. 
4). North and west of this area the addition of the Wingate 
sandstone to the section accounts for a,n even thicker se
quence, but proportionately less mudstone. Southwestward, 
also, a marked decrease in the percentage of mudstone occurs. 
Locally, it may be explained as the result of erosion of the 
upper mudstone members of the Chinle formation, leaving 
the more sandy lower units. In most places, however, it rep
resents an actual increase ju sandstone and conglomerate 
with proximity to source as shown in complete sections. A 
similar proportionate increase in sandstone along the ex
treme north-central piirt of New Mexico indicates approach 
to another source area, the Uncompahgre positive element of 
Colorado. In both this and the southwestern area, ,vide
spread coarse conglomerates in the section are additional 
evidence of proximity of source area. 

In northern Arizona the lithofacies pattern of rocks as
signed to interval C is essentially the same as, and probably 
represents a continuation of, that in adjoining parts of New 
Mexico described above. A belt across the central part is 
mainly mudstone. Farther north, where the ·wingate sand
stone and the }foenave formation are included in interval C, 
the proportion of sandstone to mudstone increases abruptly 
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and reaches maximums near Tuba City and east of Monu
ment Valley. As in New Mexico, southernmost sections in
clude considerably more sandstone and conglomerate than 
nearby sections to the north and are interpreted as having 
been closer to a source area. 

Upper boundary of interval 0.-Throughout west Texas, 
most of New Mexico, and parts of Arizona the upper bound
ary of interval C is readily recognized because it is a surface 
of unconformity, representing a considerable hiatus and 
indicated by a marked change in lithology. Overlying strata 
range in age from Late Jurassic to Pleistocene itcross the 
area, but almost everywhere they contrast in co]or and tex
ture with those of the Triassic system. 

In extreme northwestern New Mexico and most of north
ern Arizona, rocks of Late Triassic age form a continuous 
sequence with those believed to be of Early Jurassic age. 
The position of the boundary between the Triassic and Ju
rassic systems is not known, but probably occurs somewhere 
within the Glen Canyon group. For purposes of this folio 
and in order to be consistent with usage in the preceding 
Jurassic folio, the upper boundary of interval C is arbitrar
ily placed at the bottom of the Kayenta formation and at the 
top of the Moenave formation where it is present-elsewhere 
at the top of the "Wingate sandstone. 

En11ironments of deposition.-Deposits of interval C in 
the Southwest, extending from west Texas to southern Ne
vada, are interpreted to be entirely of continental origin. 
They accumulated on a relatively flat, low-lying surface, and 
consisted principally of coarse alluvial materials inter
spersed with the fine sediments of broad flood plains 
(Adams, 1929, p. 1049; Camp and others, 1947, p. 8; Long
well, 1928, p. 53) . 

Many swamps and shalluw lakes lay between the sluggish 
meandering streams during Late Triassic time as shown 
by Camp (1930, p. 6, 9) and by Daugherty (1941, p. 30). 
Streams entering the several connected basins of deposition 
apparently came from many directions depending on the 
position of surrounding elevated terrane. The regional drain
age, however, must have been northwestward to a connection 
with the sea in western Kevada (pl. 4). No other likely out
let is known. Absence of evaporites and presence of fresh 
water organic remains support the interpretation of Late 
Triassic exterior drainage in this region. 

Development of sinkholes on a surface of Permian lime
stone apparently took place during Triassic time in parts of 
southern west Texas (R. K. DeFord, oral communication, 
1955) and in central-eastern ~ew Mexico (Gorman and 
Robeck, 1946). Evidence of subsidence caused by solution 
consists, according to Gorman and Robeck, of local angular 
unconformities between Permian and Triassic rocks and of 
slump blocks with aberrantly steep dips and changes in 
strike. 

Conglomerate and coarse sandstone in Upper Triassic 
rocks of the Southwest are useful for determining sources 
of sediment (fig. 25). Observed trends in size of gravel and 
sand, studies of orientation in cross-stratification, and analy
ses of gravel composition comparing distinctive mineral 
and rock types with possible parent rocks, have contributed 
to a general picture of source areas. Gravels along the east
ern margin of the west Texas basin are shown by Roth (1943, 
p. 31) to have been derived probably from an area to the 
south and southwest. Gravels on the opposite side of the 
basin, in basal sandstones of southeastern New Mexico and 
adjoining parts of Texas, probably are from a Precambrian 
source to the northwest as demonstrated by petrographic 
studies of Sidwell (1945, p. 54) and of Miller (1955, p. 123). 
In west-central New Mexico comparable detailed studies 
have not been made, but lithologic trends indicate sources 
for some sands and gravels to the north and others to the 
south. In northern Arizona several types of evidence indi
cate sources to the south and southwest (McKee, 1936, p. 
260) and in southern Nevada a source in the same direction 
is inferred (Longwell, 1928, p. 56). 

Sedimentation during interval C began in many places 
with deposition of gravel and coarse sand, but there are 
notable exceptions. Far from the marginal areas, as in the 
center of the Texas basin and in parts of Arizona and Utah, 
basal strata are composed of mudstone or relatively fine 
sandstone. Even near the margin of deposition, as in the 
Texas Panhandle, fine-grained deposits (Tecovas formation) 
are at the base, indicating absence of a nearby elevated 

source area at that time. Elsewhere, the wide distribution of 
basal, blanket deposits such as the Shinarump member of 
the Chinle formation in Arizona and Utah have caused much 
speculation concerning their genesis. Three principal inter
pretations of the origin of the Shinarump member are sum
marized by McKee, Evensen, and Grundy (1953, p. 44). 

Above the basal, coarse detrital rock sequence of interval 
C in most of the Southwest, strata grade up,rnrd through 
three other sequences that illustrate gradually changing 
environment. The second sequence, recognized throughout 
the area, consists largely of mudstone and marlstone but 
includes local sandstone and conglomerate. This sequence 
contains abundant petrified trees and other fossil plants and 
many well-preserved vertebrate remains. In Arizona it in
cludes much bentonite (Allen, 1930, p. 287), indicating that 
volcanoes were active in a nearby region with the result that 
much ash settled in ponds and other water bodies of the 
flood plain. 

A third and younger sequence, represented by the Redonda 
member of the Chinle formation in New }fexico and the 
Owl Rock member of the Chinle in Arizona and Utah, is 
also largely mudstone, but includes thin, widespread lime
stone beds. These limestones, and other sedimentary features 
such as a marked decrease in bentonite, indicate a change 
in environment. 

Finally, in the western part of the Southwest region
Arizona, and adjacent parts of Utah and southern Nevada
where sedimentation continued longer than in surrounding 
areas and apparently without interruption into Jurassic 
time, a fourth sequence of strata is represented by the vVin
gate sandstone and the l\foenave formation. Much o:f the 
"\Vingate sandstone, on the basis of its cross-stratification 
(Harshbarger, Repenning, and Irwin, 1957, p. 11) is of 
eolian origin; the Moenave is composed of fine- to medium
grained detrital rocks, except for locally derived pebbles 
forming intraformational conglomerates, and seems to l;,ave 
been formed in fresh-water ponds and streams. These two 
facies developed in adjacent areas and are believed to have 
been contemporaneous (p. 22: col. 2-3; pl. 8, figs. 5 and G). 

The climate in the Southwest during most of Late Triassic 
time apparently contrasted strongly with that of the Early 
Triassic in the same region. Both physical and biological 
evidence point, in general, toward a warm humid climate 
during the Late Triassic, though some geologists believe 
that certain features can be interpreted as the result of 
intermittent periods of dryness. 
- The type and thickness of soil covering the surface on 
which the Dockum :formation was deposited in west Texas 
are interpreted by Adams (1929, p. 1029) as evidence of 
humid conditions when the soil was developed. A much
altered condition of feldspars in the Santa Rosa sandstone, 
described by D. N. Miller, Jr. (1955, p. 121), in his detltiled 
petrographic analysis of Upper Triassic rocks in New Mex
ico and west Texas, caused him also to postulate a humid 
environment for that time. On the other hand, green or 
brownish biotite in the Chinle formation of Arizona, neither 
bleached nor altered to anauxite, is believed by Allen (1930, 
p. 287) to indicate that this formation was not subjected to 
"tropical or subtropical conditions." 

Paleontologic evidence bearing on climate in the South
west during the Late Triassic is abundant. A detailed analy
sis of it was made as long ago as 1919 when Knowlton (1919, 
p. 516), after studying fossil plant remains, enumerated six 
botanical features that indicated "conditions favorable to 
vigorous plant growth" and "a moist, warm, probably at 
least subtropical climate." He included such features as the 
large diameters of tree trunks, the great size and luxuriant 
growth of ferns, and the presence of equisetum stems 4 to 
5 inches in diameter. A more recent study by Daugherty 
( 1941, p. 33) points out numerous additional botanical fea
tures that support the thesis of "a tropical or subtropical 
climate with ample rainfall." These features include simi
larity between many plant species of the Southwest and those 
of coal-bearing beds in Virginia and in }fexico, the abund
ance of swamp-loving types such as Neoccilamites, the swol
len and fluted bases of Schilderia similar to those of modern 
cypress, and the great width of growth layers. 

Conclusions reached by Daugherty concerning climate 
during the Late Triassic differ from those of most earlier 
workers in that he believes the rainy, growing seasons al
ternated with distinctly dry seasons. He cites as evidence of 

this alternation a variability in growth layers. Several 
other features considered by him to be the result of dry 
periods are also discussed. 

Preceding climatic considerations have referred entirely 
to deposits in lower parts of the Chinle formation and of the 
Dockum group, representing older parts of interval C. Al
though evidence bearing on later parts is less abundant and 
less diagnostic, it does suggest increased dryness and a pro
gressive trend toward aridity from the early part of Late 
Triassic age into Early Jurassic time. Evidence includes 
extensive, thin, nonmarine, limestone deposits, probably 
representing evaporites, in uppermost parts of the Chinle 
:formation in many areas. It also includes widespread cross
stratified units of the vVingate sandstone, considered of 
eolian origin (Harshbarger, Repenning, and InYin, 1957, 
p. 11), and gypsum beds referred by Longwell (1928, p. 56) 
to the Chinle formation, but currently included in the 
Moenave and Kayenta formations by J. H. Ste,rnrt ( oral 
communication, 1956). 

Paleotectonic impliwtion8.-\Videspread crustal move
ments are believed to have occurred in the Southwest during 
early parts of Late Triassic time. The following is a sum
mary of events: The broad region from "·est Texas to south
ern Kevada began to sink differentially, forming several 
connected basins. Marginal areas nearly surrounding these 
basins rose intermittently through much of Late Triassic 
time, furnishing vast amounts of coarse cletrital sediment to 
the basins. Volcanism was active, as shown by extensive 
accumulations of bentonite in the lower half of the Chinle 
:formation. 

Total depth of sinking during Late Triassic time (pl. 4) 
exceeded 2,000 feet in at least three widely separated places 
in the Southwest. That sinking did not begin everywhere at 
the same time, however, is indicated by older, more primitive 
vertebrate fossils in basal beds along the eastern margin 
of the Texas basin than elsewhere (fig. 26). That it may 
not have ended everywhere at the same time is suggested by 
the record of continuous sedimentation throi1gh much of 
Late Triassic time and into Early Jurassic time in Arizona 
and adjacent parts of Utah, but not in the region :farther 
east. In brief, the time, rate, and amount of sinking seem 
to have been extremely variable throughout the region. 

Two areas of pre-Triassic rocks in the northeastern part 
of Arizona (stippled areas, pl. 4), though prominent as posi
tive elements in Early Triassic time (pl. 3, fig. 1) and also 
during preceding Paleozoic periods (McKee, 1951, p. 488), 
apparently shmved no positive tendencies during the Late 
Triassic but probably were buried by more than a thousand 
feet of sediment. Isopach lines representing considerable 
thicknesses of rock (pl. 4) approach these stippled areas 
from two sides, indicating that originally thick deposits al
most certainly connected across them. Thus, the effective 
history of the Defiance positive element ended during the 
hiatus between intervals A and C, giving tectonic signifi
cance to the time represented by this hiatus. 

Uplift in regions surrounding Late Triassic depositional 
basins is well documented in many places by the extent of 
conglomerates and the size of component pebbles. Some of 
the sediment, as in southeastern New Mexico, was derived 
from areas of mostly igneous and metamorpl1ic rocks; other 
sediment was from regions in which older sedimentary strata 
were exposed, as along the east side of the Texas basin and 
in northern Arizona. A large proportion of these coarse 
detrital rocks is in the basal or lower parts of the sequence 
included in interval C, indicating widespread early uplift, 
but in some areas such as the Texas Panhandle, deposition 
of rocks of interval C began prior to any appreciable uplift 
nearby as shown by the fineness o:f grain in the lowermost 
:formation (Tecov~s). In a few places significant conglom
erate bodies with coarse gravels are high in the section, as 
in the Correo sandstone member of the Chinle formation of 
New Mexico (Kelley and Wood, 1946) and in the Chinle 
formation of the Petrified Forest area, Arizornt ( Camp, 
1930, p. 1). These conglomerates suggest that recurrent up
lift was also important along parts of the basin margins. 

Igneous activity during Late Triassic time is best dated by 
bentonite deposits that are abundant in the fossil -bearing 
lower parts of the Chinle formation in Arizona and New 
Mexico. These deposits have been studied by Allen (1930, 
p. 287), ,vho believes that they represent water-deposited 
volcanic ash spread over a flood plain by nearby eruptions. 

South of this area, in the Mule and Dragoon ]\fountains of 
Arizona (pl. 4), masses of granite studied by James Gilluly 
and John Cooper are post-Paleozoic and pre-Comanche in 
age (Gilluly, oral communication, 1956). Although the pre
cise age of these intrusive rocks is not known, they also may 
represent activity during Late Triassic time when many 
other tectonic and igneous features were developing. 

SOUTHEASTERN COLORADO, SOUTHWESTERN 
KANSAS, AND NORTHWESTERN OKLAHOMA 

By M. R. Mudge 

F or11iations included.-In southeastern Colorado, south
western Kansas, and northwestern Oklahoma, the Triassic 
system is represented by the Dockum group of Late Triassic 
age. This age assignment is based on paleontologic evidence 
presented by Case (1914, p. 243- 259), Stovall and Savage 
( 1939), Stovall (1943, p. 50), and McLaughlin (1954, p. 
85). Near the Colorado border in New Mexico, Triassic rocks 
,Yere subdivided by Parker (1933, p. 39-43) into three units 
which are, in ascending order: the Dockum group, Sloan 
Ocinyon formation, and l-!heep Pen sctndstone. These forma
tions were reclassified by Stovall (1943, p. 45) as subdivi
sions of the Dockum group, with the lowermost unit un
named. Recently the Dockum group in the Colorado-Okla
homa-Kansas area has been redescribed (Oriel and Mudge, 
1956, p. 19-20) and correlated with the lower two units in 
New Mexico. The Sheep Pen sctnd8tone apparently is absent 
in southeastern Colorado and northwestern Oklahoma. 

In southeastern Colorado and adjoining areas the lower
most, unnamed unit of the Dockum group consists mostly of 
orange-red, fine- to medium-grained sandstone. It locally 
contains thin beds of coarse-grained sandsl-one, conglomer
atic muclstone, limestone, and nodules of limestone and 
dolomite. The Sloan Oanyon for1nation, however, consists 
mainly of variegated mudstone ,vith interbeds of sandy mud
stone, marlstone, limestone, dolomite, and sandstone. Pebbles 
of limestone and dolomite are locally abundant in this unit. 

Thickness trends.-Isopach lines in southeastern Colorado 
(pl. 4) show rocks of interval C to be thickest in the central 
part of Bent and western part of Las Animas Counties. 
Thinning in all directions from these centers, but especially 
to the east, is in part a result of pre-Jurassic erosion. The 
elongation of the area of maximum thickness coincides in 
trend "·ith the present northeast-trending Las Animas arch. 
The northwesterly extension of the rocks of Late Triassic 
age into central eastern Colorado is preserved in a small 
structural trough formed after deposition of the Lykins 
formation and before deposition of the Dockum group. 
Along the eastern side of the area, noticeable reentrants 
shown in isopach lines are the result of post-Triassic ero
sion. In the southeastern corner of Colorado and in north
western Oklahoma post-Morrison (Jurassic), pre-Purgatoire 
(Cretaceous), and pre-Ogallala (Tertiary) erosion are 
largely responsible for the shapes of present Triassic iso
pach lines. 

Lithofacies trends.- The lithofacies map of rocks as
signed to interval C in the Midcontinent area (pl. 4) may 
be misleading for lithofacies interpretations. As shown on 
cross section (pl. 4, A-A'), rock units in many places were 
beveled by erosion prior to the Late Jurassic. The high 
proportion of sandstone along the eastern border is not 
entirely a result of facies change, but rather of removal 
by erosion of one unit (Sloan Oanyon formcttion), leaving 
only the unnamed sandstone unit. Along the western border 
of the area, however, mudstone grades westward into sand
stone, as a result of proximity to source. 

Upper bonndciry of intervcil 0.-Through nearly all of 
southeastern Colorado the Dockum group is overlain un
conformably by the Entrada sandstone (pl. 6). In part of 
northwestern Oklahoma it is overlain by the Exeter sand
stone. In Baca County, Colo., in southwestern Kansas, and 
in Texas County, Okla., rocks of this group are overlain 
unconformably by Cretaceous and Tertiary strata. Thus, 
regionally the magnitude of the hiatus is extremely variable. 
Furthermore, the amount of erosion represented in different 
places by the unconformity varies greatly, as shown in cross 
section (pl. 4, A-A') and on the isopach map (pl. 4). 

In most places the contact between the Dockum group and 
overlying units is not difficult to recognize. Light-colored 
sandstone and dark-colored mudstone of Cretaceous age and 
coarse gravel of Tertiary age differ sufficiently from the 

dominantly red rocks of the Dockum group to make recogni
tion relatively easy. In places where the Entrada sandstone 
rests on sandstone of the Dockum group, however, a distinc
tion bet"·een the two is difficult to recognize. Two criteria, 
listed by Oriel and Mudge (1956, p. 20), aid in separating 
these sandstone units. The criteria are described as follows: 

1. Locally, color can be used. The Entrada sandstone is 
gray, white, or cream in most places, whereas the 
beds of sandstone in the Dockum group are mainly 
orange, red, or pink. 

2. The Entrada sandstone is coarser-grained in many 
places than sandstone in the upper part of the 
Dockum group. 

In some places these criteria are difficult to apply, however, 
and interpretations other than those adopted by the writers 
are possible concerning the position of the contact. 

Paleotectonic implications.-In Lincoln and Kiowa Coun
ties, southeastern Colorado, and northeastward a structural 
high or positive area cnJled the Las Animas arch (Maher, 
1945, p. 1663-1667) was accentuated by minor structural 
adjustments throughout late Paleozoic time. Concerning it, 
Maher (1945, p. 1665) states, "Prior to deposition of Meso
zoic sediments over the Permian rocks, the region had been 
tilted eastward and the younger Permian beds had been 
truncated...." Before Late Triassic time most of the up
permost Permian beds in the area of Lincoln and Kiowa 
Counties, Colo. ( pl. 2), Were removed by erosion. Follow
ing this erosion, strata of the Dockum group were deposited 
over this area. 

A northwesterly-trending trough probably ,ms formed 
after deposition of Lower Triassic rocks and persisted into 
Late Triassic time. The present overlap of Upper Triassic 
on Lower Triassic rocks in east-central Colorado supports 
the inferred persistence of this trough; remnants of the 
Jelm formittion in northeastern Colorado and of the Dockum 
group in central Colorado suggest that it was continuous 
northwestwardly across the State. Evidence of deposition 
in the region during ]\fiddle Triassic time is lacking. 

Coarse detritus in the lower part of the Dockmn group 
indicates that the vVet Mountain and Sangre de Cristo 
positive elements to the ,rnst ·were of moderate relief. By 
the time highest beds of the Dockum group in southeastern 
Colorado were being formed, these positive elements were 
greatly reduced and contributed only minor amounts of 
uniformly fine detrital sediment. 

Prior to Jurassic deposition in eastern Colorado, parts 
of the area, particularly on the eastern, northern, and west
ern margins were uplifted and beveled by pre-Jurassic 
erosion (pl. 4, section C-C'). 

WESTERN COLORADO AND UTAH 

By M. E. MacLachlan 

Formations included.-The name Chinle :formation ap
plies to rocks composing much of interval C throughout 
the western Colorado-Utah region, except in a small area of 
outcrop in southwest Colorado where the name Dolores 
formation is used. 

The definition of the Chinle formation has changed con
siderably since its first use in Arizona by Gregory (1916). 
The Chinle was described by him as a series of mudstones 
and minor sandstones with limestone conglomerate lenses, 
overlain unconformably by the Wingate sandstone and un
derlain unconformably by the Shinarump. 

The Shinarump or basal member of the Chinle formation 
was first described by Powell in 1873 (p. 456-465). It was 
recognized by Gregory (1913, p. 42~38) as an excellent 
datum because of its "limits and character," and he proposed 
that it be of formation rank (Gregory, 1917, p. 38). 

The Shinarump member has been considered a formation 
until very recently, when extensive regional correlations on 
the Colorado Plateau (Stewart, 1957, p. 444) indicated the 
advisability of considering it a member of the Chinle for
mation. It is the lower of two sandstone-conglomerate units 
and is at the base of this formation. It is less continuous 
than previously thought. 

In east-central Utah the Chinle formation seems to thin 
over the western nose of the Uncompahgre positive element. 
The topmost units are composed of red- to orange-brown 
siltstone and are underlain at most localities by a basal 
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both the "Wingate sandstone and the Chinle formation are 
recognized; north of the belt, in northern Utah and north
western Colorado, the Chinle only is recognized. 

Isopach lines south of the belt are sinuous near the eastern 
margin. They end abruptly against the San Juan Mountains 
and White River uplift (fig. 6), where post-Triassic erosion 
has removed rocks of interval C. '\Vest.ward in central Utah, 
widely spaced, irregular isopach lines demonstrate a very 
gradual westward thickening across a far wider area than 
during interval A ( fig. 28). This trend is broken only by the 
Monument upwarp, a post-Triassic element. 
w E 
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l!'rnum: 28. Diagram of two types of regional sinking during Triassic 
time. 

Two basins are evident in central and southern Utah. The 
basin most prominent on the map is in San Juan County, 
Utah, and Montezuma County, Colo. (pl. 4). It is character
ized by three lobes, one trending in a northeasterly direction, 
another northwesterly, and the third westerly. The westerly 
lobe terminates against the eastern edge of the Monument 
upwarp. The southern edge of a second basin is evident in 
southern '\Vashington County, southwestern 'Gtah. In this 
area, rocks of interval C are slightly more than 1,200 feet 
thick. 

In a narrow belt in central Utah (I) thicknesses of the 
rocks in interval C are not shmvn by isopachs even though 
the Chinle formation is recognized. Here the overlying '\Vin
gate sandstone may pinch out or may combine to form a 
single unit with the rest of the Glen Canyon group. Thick
nesses shmvn, therefore, represent only the Chinle formation. 

Farther north in the vicinity of the Uinta Mountains, iso
pach lines represent the Chinle formation only. The over
lying thick sandstone is not divisible into formations, though 
it may represent the "Wingate sandstone as well as the 
Kayenta formation and the Navajo sandstone. Isopach lines 
shown in this area encircle the Uinta Mountains. vVest of 
the mountains, rocks of interval C increase in thickness 
westward, attaining a maximum of slightly more than 600 
feet in central Salt Lake County, Utah. 

A thin section of the Chinle formation trends northward 
in western Garfield County, Colo., and the adjoining part of 
eastern Grand and Uintah Counties, Utah. A maximum 
thickness of 200 feet is shown on the map at two localities. 
The Chinle formation thins both eastward and westward 
from these localities and may· be absent in southern Uintah 
County. 

A basin in southeastern Rio Blanco County and southern 
Moffat County, Colo., contains more than 700 feet of rock. 

The thickest section of Upper Triassic rocks in the Utah 
and western Colorado region is in the Four Corners area 
adjacent to the Monument upwarp where more than 1,900 
feet of strata have been preserved. 

A small isolated remnant of Upper Triassic rocks in 
northern ,Jackson County, Colo., is surrounded on three sides 
by exposed Precambrian rocks. To the south, on the fourth 
side, the Morrison formation rests on Precambrian rocks. 

Deposits of interval C thicken from south to north across 
northwestern Colorado, in contrast to the gradual westward 
thickening in southwestern Colorado. 

Lithofacies trends.-Detrital rocks constitute the major 
part of Upper Triassic strata in Utah and western Colorado. 
Thin limestone beds are present at scattered localities 
throughout the area. 

In the southern part of Utah and western Colorado the 

vVingate sandstone and the Chinle formation comprise in
terval C. At localities near the northern edge of this area 
where the greatest proportions of sandstone are shown (pl. 
4) the '\Vingate sandstone accounts for more than 50 percent 
of the entire section. At some scattered localities throughout 
the area abnormally large proportions of sandstone are in
cluded because very fine-grained sandstone has not been 
differentiated from siltstone. 

Lithofacies patterns are not shown in the belt (I) separat
ing the northern and southern areas (table 5), for reasons 
explained above. 

In the northern part of the region where only rocks of the 
Chinle formation are included, interval C is represented by 
siltstone and claystone. Local variations in proportion of 
sandstone in some areas reflect variable thicknesses of basal 
sandstones in the Chinle formation. At other localities where 
a dominance of sandstone is shown, lack of differentiation 
between very fine-grained sandstone and siltstone may be 
the cause. 

Stratigmphic relation8.-The Wingate sandstone and the 
Moenave formation are believed to be contemporaneous. 
This relation is shown in cross section (pl. 4, E -E'), and by 
comparison of isopach maps (pl. 8, figs. 5 and 6). Along 
a narrow north-trending belt a wedge of Moenave formation 
overlies the Wingate sandstone. To the west, only the Moe
nave formation is present, whereas to the east, only the Win
gate sandstone is present. Eastward in southwestern Colo
rado, the '\Vingate sandstone has been eroded along a north
south trending belt ( cross section E-E'). 

Six members of the Chinle formation ( table 4) are recog
nized in exposures in southern Utah. Most of these can be 
recognized in subsurface sections of the Four Corners area. 
Eastward and westward from this area the formation thins. 
In southwestern Colorado, in eastern San Miguel County, 
for example, where the Dolores formation is present, only 
the upper units recognized to the west are represented. The 
Dolores formation is believed to be correlative ·with the 
Church Rock member of the Chinle formation. In south
western Utah, near the town of St. George, '\Vashington 
County, only the Petrified Forest member and basal sand
stone of the Chinle formation are present. 

The Church Rock member of the Chinle formation inter
fingers with lower parts of the vYingate sandstone and 
Moenave formation (western part of cross section E-E'). 
Thus, a.cross a wide area no erosional break is represented 
between the Chinle formation and either the Wingate sand
stone or the Moenave formation. The Church Roek member 
of the Chinle formation is correlative with the Rock Point 
member of the Wingate sandstone in Arizona and New 
Mexico. 

Nomencl ature from the Colorado Plateau has recently 
been extended into northern Utah and northwestern Colo
rado. The name Chinle formation has replaced the Stanaker 
formation and the upper pan of the Ankareh formation in 
most of the recent literature on this area (Kinney, 1955, p. 
70; Untermann and Untermann, 1954, p. 99-100; ,T. H. 
Stewart, written communication, 1955; Sheridan, 1950a; 
AmStrat. Co., unpub. well logs). An upper reddish-orange 
siltstone unit of the Chinle formation (fig. 27) occupies the 
same stratigraphic position on both sides of the Uncom
pahgre positive element. Purplish limy units described in 
northeastern Utah may correlate in part with the Petrified 
Forest and O"wl Rock members of the Chinle formation of 
southern Utah. Two conglomeratic sandstones in the basal 
part of the formation are present in northern Utah ( fig. 27). 
These sandstones are in the same stratigraphic position as 
those that pinch out against the southern edge of Uncom
pahgre positive element. They may, therefore, be correlative 
with the Shinarump member and the Moss Back member of 
the Chinle formation or may be younger. 

The Jelm formation is recognized in northern Jackson 
County, Colo., where the Medicine Bow Range separates it 
from the main body of the ,Telm formation farther east. 

Upper boundary of intervCll O.-The upper boundary of 
interval C in Utah and ,vestern Colorado as used in this 
folio is not difficult to recognize. The top of the Springdale 
sandstone member of the l\loenave formation was arbitrarily 
selected in soutlnrnstern Utah and the top of the vYingate 
sandstone throughout the remaining area of southern Utah. 
These units are overlain by alternations of sandstone and 
mndstone of the Kayenta formation of Jurassic('/) age. In 

southwestern Colorado, beyond the eastern limits of the Win
gate sandstone ( pl. 4, section E-E'), the Chinle and Dolores 
formations, respectively, are overlain by the Entrada sand
stone of ,Jurassic age, and this contact marks the upper 
boundary of interval C. 

In the narrow belt (I) separating the northern and south
ern areas of Utah the top of the Chinle formation is recog
nized as the upper boundary of interval C because the over
lying Glen Canyon group is difficult to subdivide. 

In the northern part of Utah also the top of the Chinle 
formation is recognized as the upper boundary of interval C. 
Part of the sandstone overlying it may be equivalent to an 
unknown amount of the ·wingate sandstone as identified in 
southern Utah; however, this cannot be determined. 

The Chinle formation in north·western Colorado thins 
abruptly near State Bridge, Eagle County, Colo. The basal 
conglomeratic sandstone is directly overlain by the Entrada 
sandstone. 

The contact between the "Wingate sandstone and the En
trada sandstone in southwestern Colorado is apparent where 
both are exposed, because in that area the Entrada sand
stone contains many flat beds, whereas the vVingate is 
highly crossbedded throughout. 

Environment of deposition.-Strata of interval C in Utah 
and western Colorado are believed to be of continental ori
gin. Rocks of the Chinle formation were probably deposited 
in an alluvial plain environment with meandering streams, 
lakes, and extensive mud flats. Overlying rocks of the 
Moenave formation were also water-laid, whereas those of 
the vVingate sandstone are considered largely eolian. Land 
plants, fresh-water pelecypods and gastropods, and phy
tosaurs are common in parts of the Chinle formation. 

Principal sources of sediment in rocks of interval C were 
to the east in central Colorado-the Uncompahgre positive 
element and other parts of the Ancestral Rockies. Reeleva
tion of these masses around the margin of the depositional 
area accounts for rejuvenated streams capable of transport
ing gravel detritus included in various sandstones of the 
Chinle formation (table 4). 

The surface of Lower Triassic rocks in Utah and western 
Colorado apparently was moderately dissected during Mid
dle Triassic and early Late Triassic time. Coarse stream de
posits surrounded local mesa-like remnants of the Moenkopi 
formation (McKee, 1954, p. ~7). These streams probably 
had meandering courses because coarse detrital rocks thicken 
and thin abruptly, and in many places are interbedded with 
claystone and mudstone. At some localities the basal rock is 
a claystone which is overlain by, or fingers into, sandstone 
and conglomerate. Accumulations of coarse detrital material 
forming lenses in units of finer grained rock are suggestive 
of seasonal floods. 

Claystones of the Petrified Forest member of the Chinle 
formation ( table 4) contain bentonite beds. The dust that 
formed the bentonite beds apparently was derived from out
side this area. Other fine-grained sediments represented in 
the Monitor Butte, Owl Rock, and Church Rock members 
of the Chinle formation ( table 4) reflect quiet conditions of 
deposition-in many places, ponding. Thin limestone beds 
which characterize the Owl Rock member of the Chinle 
formation apparently were deposited in small lakes. Nu
merous limestone and claystone pellet conglomerates may 
represent intraformational breakup and redeposition of such 
lake deposits. 

The Chinle formation in western Colorado and Utah has 
not furnished direct evidence of climate. Elevation of source 
areas around the margins of depositional basins may have 
been responsible for changing climate; in any event, evi
dence furnished by the flora, especially in Arizona to the 
south, suggests relatively humid conditions. This type of 
climate probably also existed in Colorado and Utah. 

The orange-red vVingate sandstone is crossbedded on a 
large scale and is composed of quartz grains of uniform size. 
The inferred extensive dune deposits suggest that climatic 
conditions were becoming progressively more arid in this 
area toward the end of Late Triassic time. 

In the Utah-western Colorado region, the Moenave forma
tion is identifiable only in ·washington and Kane Counties, 
Utah. It is a water-laid deposit consisting of alternating fine
grained sandstone and siltstone. In central Kane County, 
Utah, in a southeasterly trending belt, the water-laid beds 
of the Moenave formation seem to intertongue with sup-

sandstone conglomerate. Purplish calcareous rocks are pres common in the upper part of the unit. The arkosic part of 
ent at many localities in northern Utah and Colorado be the Cutler formation was originally included in the type 
tween the above-mentioned types of rock. These rocks may section of the Dolores formation according to A. L. Bush 
correspond to members of the Chinle formation in southern (written communication, 1955). The Dolores formation as 
Utah (table 4 and fig. 27) known as the Church Rock mem now recognized is as much as 300 feet thick and is composed 
ber and the Petrified Forest member. The basal conglomer of red siltstone, mudstone with interbedded limestone, and 
ate may be interbedded with mudstone as in the south. This claystone-pellet conglomerate. It is overlain by the Entrada 
lower unit, however, has not been successfully correlated sandstone and underlain by the Cutler formation. Rocks 
with any of those recognized in the southern part of the lithologically like the Dolores formation but called the 
Colorado Plateau. It may be equivalent to either of two Chinle formation are in the subsurface in the southwestern 
conglomerates mentioned, or it may represent a higher con~ corner of Colorado and similar rocks form outcrops to the 
glomerate. Three rock units at the base of the Chinle for north, in the vicinity of Grand Junction, Colo. The Dolores 
mation at the southern edge of the Uinta Mountains, how formation is believed to be largely equivalent to the upper
ever, form a stratigraphic sequence similar to that of three most member of the Chinle formation, called the Church 
units farther south in Utah ( fig. 27). Rock member (J. H. Stewart, oral communication, 1957) . 

The Wingate sandstone, which is assigned to the upper 
TABLE 4.-Generalized description of members of the Chinle formation in part of interv11l C in southern Utah and southwestern Col

parts of southern Utah and northern Arizona* 

Members of the Ohinle 
formation 

Church Hock mcm ber 

Owl Rock member 

Petrified Forest member 

Moss Back member 

Monitor Butte member 

Shinarump member 

Lithologic description 

Red-brown and prown, very fine-grained siltstone. 
Directly overlain by crossbedded Lukacbukai 
1nember of Wingate sandstone. May corresponct in 
part to Rock Point member of the Wingate in 
Arizona. Formerly Gregory's Ohinlc A. :vrost 
extensive of all members of the Ohinle formation. 

Hed and red-brown siltstone interbcdded with thin 
red and gray limestone. Appears to interfinger 
with overlying Church Rock member. Formerly 
Gregory's Ohinle B. 

Distinctive series of lientonitic claystone and clayey 
sandstone, purple. red, green, yellow, and gray. 
Upper contact at htsc of lowest limestone bed of 
Owl Rock member. Formerly Gregory's Ohinle 0. 

Fine- to medium-grained well-sorted sandstone with 
some carbonaceous material and petrified ,,..-ood. 
Local conglomeratlc sandstone lenses. This mem-
ber and the underlying rnembers were considered 
part of Shinarump conglomerate in earlier reports; 
was part of Gregory's Ohinle D. 

Green, gray, and some red-brown c]aystone with thin 
clayey sandstone. Contact with Shinarump mem-
ber may be transitional. Upper contact dtfficult to 
to identify when l\1oss Back memhP.r is missing. 

Gray and yfll1ow medium- t.o coarse-grained sand-
stone. Chert and petrified wood common. Gen-
erally exposed as a vertical cliff. Rests uncon-
formably on Moenkopi formation. 

*Not all of these members ure recognized in northern Arizona.. 

orado, is currently defined (Baker, Dane, and Reeside, 1947, 
p. 1668) as the lowest formation of the Glen Canyon group. 
In Utah and Colorado it consists almost entirely of cross
bedded sandstone considered eolian and is overlain by the 
Kayenta formation (p. 15, cols. 4-5). 

The Moenave formation occurs through much of south
western Utah (Harshbarger, Repenning, and Irwin, 1957, 
p. 12-17). It is divided into two members, the Springdale 
sandstone member at the top and the Dinosaur Canyon mem
ber below. The Springdale sandstone member is a 70-foot 
thick, red to orange, massive sandstone, commonly forming 
a vertical cliff (Gregory, 1950b, p. 119). It is overlain by the 
Kayenta formation. The type section of the Springdale 
sandstone is at Utah station 14 (pl. 1), the Parunuweap
·west Temple outcrop. The Dinosaur Canyon member con
sists of interbedded sandstone, siltstone, and claystone (Col
bert and Mook, 1951, p. 151). 

Thickness trends.- '\Vestern Colorado and eastern Utah 
are divided by red dashed lines on plates 4, 5, and 6, into 
two parts with an intervening belt (table 5) because of 
differences in the upper boundary used. South of the belt, 
in central and southern Utah and southwestern Colorado, 

Compiled from published and unpublished detailed descriptions and measured sections of 
J. H. Stewart and others. 

TABLE 5.-Diagrammatic representation of stratigraphy in northern and 
Eastward into Eagle County, Colo., the Chinle forma southern parts of western Colorado and Utah, separated by belt (I). 

tion has been recognized in outcrops (Sheridan, 1950a and 
1950b). It is overlain in that area by the Entrada sandstone 
and underlain by the upper part of the State Bridge formff
tion (interval A, this folio) . 

The name Dolores formation is used only for exposed 
Upper Triassic rocks near the San .Tuan Mountains of 
southwestern Colorado. This name was proposed by Cross 
( 1899) for reddish sandstone, grit, and conglomerate. The 
conglomerate includes debris from granite, schist, and 
quartzite. Limestone- and claystone-pellet conglomerate is 
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posed eolian cross-strata of the "Wingate sandstone. The st.one. In some previous publications (for example, Love and eastern flank of the Green River basin to a thin eroded edge the upper boundary of interval C include the Popo Agie eastern vVyoming. Moreover, consistent recognition of the 
Moenave formation may therefore represent stream and others, 1945a), the name was restricted to the uppermost, in eastern and northern Wyoming. member of the Chugwater formation, the Jelm formation, top of interval C is difficult throughout the region. 
pond deposits adjacent to an eolian environment. dominantly ocher, dolomitic claystone, sandstone, and con A northerly-trending belt of relatively thin rocks of in and the Ankareh formation, all overlain successively by Recognition of the top of interval C in areas occupied by 

Paleotectonic implications.-The greatest thicknesses of glomerate sequence, leaving unnamed the underlying red terval C (pl. 4) extends along the western margin of the the Nugget sandstone, the Gypsum Spring formation, and the Nugget sandstone, from central vVyoming to southeast
rocks of interval C in Utah and western Colorado are in beds above the Alcova limestone member; Green River basin in western ·wyoming. This belt may be the Sundance formation. In central and southwestern Wyo ern Idaho, involves stratigraphic relations which are dis
three basins. Downwarping apparently resulted as a com In central-southern and southeastern Wyoming, Triassic somewhat exaggerated on the map because recognition and ming and southeastern Idaho, the upper boundary of in cussed in the special problems section, page 23, columns 2 
pensation for changes in height of surrounding land masses rocks above the Alcova limestone member are assigned to correlation of the Alcova limestone member of the Chug terval C is placed in this folio at the base of the Nugget and 3. 
and increases in the volume of sediments received. One basin the Jelm formation. All the Jelm formation, including sand water formation and subdivision of the Triassic system in sandstone. In northern vVyoming where the Nugget sand Environments of deposition.-Late Triassic time began 
was located in the Four Corners region just east of the stone previously called Nugget.(?) and now placed in the west-central "\Vyoming are uncertain (Wanless, Belknap, and stone is absent (pl. 6), the boundary is placed at the base in Wyoming and Idaho with a major marine transgression 
Monument upwarp (pl. 4). A second basin was in eastern newly defined Troublesome Creek member (Hubbell, 1956) Foster, 1955, p. 42-44). However, the trend is substantiated of the Gypsum Spring formation. In eastern and south from west to east, if the assumptions that the upper part 
Rio Blanco County, northwestern Colorado, where rocks of of the Jelm formation, is included in interval C of this by several sections in the Gros Ventre region where bound eastern Wyoming, in the absence of both Nugget sandstone of the Portneuf limestone member of the Thaynes limestone 
interval C are more than 700 feet thick. The southern margin folio. ary assignments are clear. The southern extent of this belt and Gypsum Spring formation, the base of the Sundance and the Alcova limestone member of the Chugwater forma
of a third basin is evident in southern ·washington County, In southwestern ·Wyoming, along the south end of the of relatively thin rocks is not known. formation serves as the boundary. Recognition of these tion are correlative and that they are of earliest Late Trias
southwestern Utah. Strata representing this part of the Bridger basin, the Stanaker and Gartra grit members of the In central Wyoming, belts of relatively thick and rela contacts, however, is difficult in some places. sic age are correct. Regional stratigraphic relations of the 
basin are more than 1,200 feet thick. Its northern limit can Ankareh formation are placed in interval C. tively thin rocks of interval C coincide with similar belts Of the three formational contacts mentioned above, that Lanes tongue of the Ankareh formation and the Portneuf 
not be de.fined because Tertiary volcanic rocks, Quaternary In westernmost vVyoming and southeastern Idaho the base formed by rocks of the entire Triassic system ( pl. 5) , de between the Gypsum Spring formation of Jurassic age and member of the Thaynes limestone ( fig. 17) illustrate that the 
alluvium, and Cretaceous rocks cover the area and faulting of the Upper Triassic series remains problematical, because scribed in the discussion of the summary map (p. 18, col. 5, red beds assigned to the Triassic system is least question base of the red bed Lanes tongue represents a withdrawal of 
has disrupted the continuity of the rocks. in that area the age of much of the section is unknown. A top. 19, col. 3). able. The contact is readily recognized for it is at the base the Thaynes sea, as far as westernmost southeastern Idaho. 

Isopach lines contiguous to the zero line on the interval C few frao-ments, possibly of plants; are the only fossils re The maximum thickness of rocks of interval C in central of thick gypsum beds, dolomite, brecciated gypsiferous Such restriction of the sea apparently was followed by a 
map (pl. 4) are sinuous. This feature is attributed to ero ported £:om beds between the Thaynes and the Twin Creek Wyoming is 620 feet, just east of the southern edge of the limestone, or very gypsiferous red beds assigned to the Gyp new marine transgression during the time of deposition of 
sion subsequent to uplift during the Tertiary, or later. Dis limestones (Mansfield, 1952, p. 34-35) ; therefore, the in Wind River Mountains. This area, however, does not repre sum Spring formation . In a few places, where evaporite the upper Portneuf. Development of the Alcova limestone 
tribution and thickness of Upper Triassic rocks in the vi ferred ages of these rocks have been a subject of disagree sent a local basin of deposition that sank more rapidly than beds are thin or concealed, the position of the contact among member has long been considered (Thomas, 1949, p. 21) the 
cinity of the ·white River Uplift and the western part of ment. did adjacent areas during Late Triassic time; its relatively red beds is uncerta.in; in such places red-bed assignments result of marine transgression. ,vhether these inferred trans
the San Juan Mountains, Colo. (fig. 6), indicate that these All strata between the top of the Lanes tongue of the great thickness results from inclusion in interval C of red may be somewhat in error. In some other sections, dolo gressions were one and the same is unknown. 
structures were once covered by the Chinle formation. Ankareh formation and the base of the Nugget sandstone beds stratigraphically higher than in areas to the north or mite beds of the Gypsum Spring formation have been mis Characteristic pelecypods and brachiopods of the Port

vVest of the Four Corners area, isopach lines are widely are placed in interval C in this folio. Reasons for choosing west. These red beds grade northwestward into and inter taken for the Alcova limestone member of the Chugwater neuf limestone member are evidence of a shallow-water ma
spaced and irregular, trending in a northeasterly direc these horizons appear on page 21, column 4 and page 23, tongue with sandstones assigned to the Nugget sandstone, formation. rine environment. Fossils in the Alcova limestone member 
tion. The lines suggest a platform between the basin of the columns 2 and 3. which is not included in interval C. The local area of rela Reeognition of the upper boundary of interval C is more include the nothosaur Oorosaurus alcovensis, the pelecypod
Four Corners area and the one fart.her west in southern In southeastern Idaho, above the main body of the tively thick rocks, therefore, reflects an imperfect, arbitrary difficult in southeastern and south-central than in north Pleurophorus? bregeri and the gastropod N atica? lelia 
Washington County, Utah (fig. 28). Thaynes limestone, the rock sequence of Triassic and ques choice of an upper boundary of the Triassic system adopted central vVyoming and, consequently, subject to greater dis (Pipiringos, 1953, p. 38), all indicative of marine condi

In northern Utah, rocks of interval C encircle the Uinta tionably Triassic age consists ( table 1), in ascending order, for this folio ( discussed on p. 23, cols. 2-3). agreement. A principal source of difficulty lies in the profu tions. The nothosaur is considered by Zangerl (p, 21, col. 3)
Mountains. On the southern flank they thin north toward of a red-bed unit called the Lanes tongue of the Ankareh Lithofacies trends.-Rocks of interval C consist mainly of sion of sandstone units, few of which can be recognized or to be more highly adapted to a marine environment than 
the mountains and south toward the Uinta Basin. Thickness formation, the Portneuf limestone member of the Thaynes red mudstone and sandstone in the southwestern quarter of correlated with assurance. Some additional confusion has all other described nothosaurs but it still was probably not 
and lithology as described in the San Rafael Swell and the limestone, the Timothy sandstone, the Higham grit, the Wyoming. Sandstone is increasingly dominant eastward and resulted from attempts to correlate local conglomerate and a pelagic form. However, presence of a thecodont reptile
same features described along the southern flank of the Uinta Deadman limestone, the vVood shale tongue of the Ankareh northward, toward the thin, eroded edge in eastern and sandstone units with similar, more extensive units in other ( a phytosaur or O oelophysis-like dinosaur) in the Alcova 
Mountains indicate that a Late Triassic positive element formation, and the Nugget sandstone. northern Wyoming, and westward toward the area of maxi regions on the basis, principally, of coarseness of grain. (p. 21, col. 3) suggests a nonmarine environment and 
may have been present. near the central and western part of The lower boundary of the Upper Triassic series has been mum recorded thickness in southeastern Idaho. A moderate Sandstone makes up a significant part of both lower and Keller ( 1952, p. 81) attributes the analcime in the Alcova 
the Uinta Basin. placed by some (Reeside and others, 1957, columns 49-51) at amount of limestone in the westernmost sections is attrib upper members of the Jelm formation (restricted) of Pipi to formation in a large interior marsh-like environment. 

The Ancestral Rockies in central Colorado underwent a the base of the Higham grit and by others at the base of the utable to westward thickening of the Deadman limestone and ringos (1953, p. 38, pl. 1) in southeast-central Wyoming. Deposition of the uppermost beds of the Red Peak mem
marked change in elevation after Early Triassic time. Reju Timothy sandstone (Mansfield, 1952, p. 33-34). The former the upper part of the Portneuf limestone member of the More sandstone occurs above the Jelm formation (restricted) ber of the Chugwater formation and of the possibly synchro- · 
venation and uplift. resulted in deposition of coarse-grained interpretation is based on the belief that the Timothy sand Thaynes limestone. in the Freezeout Hills area where it is a massive to highly nous Lanes tongue of the Ankareh formation, as described
sandstone and conglomerate in the lower part of the Chinle stone is gradational into the Thaynes limestone (Kummel, Rocks of interval Care more diversified and less uniform crossbedded unit that has been called Nugget(?) sandstone in this folio, is believed to have taken place on extensively
formation in various areas. Positive elements along the 1954, p. 172), on an inferred correlation of the Higham grit than those of interval A. Scarcity of laterally persistent and assigned to the ,Jurassic system (McKee and others, developed mud flats under stable tectonic conditions. In this
border areas, hmvever, tended to sink with the basins. with the Gartra grit member, and on an inferred long-range zones and the presence of abrupt facies changes involving 1956, pl. 4; Hubbell, 1956, p. 2743). This unit and the upper region, apparently one of very low relief, a minor eustatic

In summary, rocks of interval C in Utah and western correlation with the Shinarump member of the Chinle for mudstone and sandstone make correlation difficult in vVyo member of the Jelm formation as used by Pipiringos (1953, change in sea level or minor regional subsidence could have 
Colorado demonstrate an easterly erosional thinning toward mation. ming (Love, in Reeside and others, 1957, p. 1482). The Popo p. 37) make up the newly de.fined (Hubbell, 1956) Trouble resulted in relatively rapid transgression and widespread
the eastern margin of deposition, and a westerly deposi Pebbles in the Higham grit consist almost entirely of Agie member of the Chugwater formation, for example, is a some Creek member of the J elm formation of Triassic age. 

deposition of marine limestone. 
tional thinning between basins in the Four Corners area and quartzite (Mansfield, 1952, p. 34) and of vein quartz, whereas heterogeneous unit that includes ocher dolomitic claystone, At the top of this member is the upper boundary of interval 

Above the A1cova limestone member of the Chugwaterin southern vVashington County, Utah. The many rock the Gartra grit member is very feldspathic and presumably lenticular limestone conglomerate, purple and red mudstone, C but it may be difficult to recognize because several sand
formation, strata representing interval C in the shelf areastone units of the overlying Sundance formation of Jurassictypes representing interval C are part of an unbroken se was derived from a granitic terrane (Thomas and Krueger, and red and white, silty to well-sorted sandstone (Love and of Wyoming are characterized by abundant lenticular bedsage (Pipiringos, 1953, p. 34) superficially resemble thosequence of strata that began ·with deposition of the Chinle 1946, p. 1273). The source of the Higham grit is believed others, 1945a). In southwestern Wyoming, a conglomerate 

in the Jelm formation below. of coarse detrital rock, abrupt facies changes, minimal latformation and lasted until the Navajo sandstone had been to have been to the west in Idaho, whereas the source of the known as the Gartra grit member of the A.nkareh formation 
Northeast of the Freezeout Hills and east of the Laramie eral continuity, and mudstone that is dominantly red anddeposited. Gartra grit probably lay to the south in Colorado. In the lies at the base of rocks assigned to interval C, whereas in 

Mountains, in the Glendo area of east-central Wyoming, a ocher. Organic remains consist of animals, including ver
Colorado Plateau, to the south, Upper Triassic rocks con southeastern Idaho the Higham grit lies several hundred

SOUTHEASTERN IDAHO AND WYOMING sequence of rocks different from that in the Freezeout Hills tebrates, and plants. Reported fossil plants include a large
tain, at several different horizons, conglomerate units de feet above the base of this interval, as defined in this folio. 

has been described (Love, Denson, and Botinelly, 1949, p. Equisetum, cyacadophytes, and abundant wood fragmentsBy S. S. Oriel rived from various sources. For this reason, the conglomerate Rocks of interval C in Wyoming include several types 2). The section consists of sandstone, 30 to 100 feet thick, (Berry, 1924). The fauna is represented by Unio, a fresh
Formations included.-In central w·yoming, interval C is units in western vVyoming and southeastern Idaho cannot that are significant for environmental interpretations, but which is considered by Love, Denson, and Botinelly (1949, water pelecypod, metoposaurid amphibians, phytosaurs,

represented by rocks assigned to the Popo Agie, Alcova lime be considered contemporaneous solely on the basis of coarse are masked on the lithofacies map (pl. 4) by large propor p. 2) to be the basal sandstone of the sequence of Jurassic and other vertebrate remains. Genera reported by Colbert 
stone, and, in part, the Crow Mountain sandstone members ness of grain, especially where they differ so markedly in tions of other rock types. The Alcova limestone member of rocks; some geologists refer t.o this unit as the "basal Sun and Gregory ( 1957) and Colbert ( 1957) include the phyto
of the Chugwater formation. composition. Precise contemporaneity of the Higham grit the Chugwater formation, for example, is a widely dis dance sand." Fossils from the middle and upper parts of this saurs Paleorhinus and Angistorhinus, the metoposaurid 

Where rocks assigned to the Crow Mountain sandstone and the Gartra grit is considered unlikely by the writers, tributed, thin limestone unit that has been used extensively Eupelor, a pseudo-suchian Dolichobrachium, the therapsidsunit are comparable to those from the Canyon Springs sand
member overlie the Alcova limestone member, or where the who place the boundary at the base of the Gartra grit and by geologists as a stratigraphic and structural datum. Anal Brachybrachium and Eubrachiosaurus, and the fresh-waterstone member of the Sundance formation and are of Late 
Alcova is absent, all the Crow Mountain sandstone member at the top of the Lanes tongue of the Ankareh formation, cime crystals, previously described as siliceous oolites, are lungfish Oeratodus.Jurassic age (Love, Denson, and Botinelly, 1949, p. 2). The 
has been placed in interval C. In a few places, however, beds considerably below the Higham grit. numerous in the Popo Agie member of the Chugwater for The Popo Agie member of the Chugwater formation andlower part of the unit, however, may be correlative with 
in a sandstone sequence assigned to the Crow Mountain Problems of stratigraphic nomenclature concerning rocks mation (Keller, 1952) in central ,vyoming and possibly are the Jelm formation generally are considered of continentalHubbell's Troublesome Creek m,ember of the Jelm forma
apparently lie both above and below the Alcova; in such of interval C have been reviewed recently by Kummel (1954, evidence of volcanic activity in an adjacent region, although origin. A fluviatile environment with some lakes and deltion, but this correlation is not established and the unit is 
places the beds below the limestone perhaps should have p. 179-181) and by Anderman (1956, p. 56-58) and need not Keller ( 1952, p. 81) believes that the analcime originated taic mud flats seems t.o best account for most sedimentarynot included in interval C of this folio. 
been included in interval C. be repeated here. Many of the problems are attributable to from the interaction of hydrous aluminum silicate clay min features. In southeastern vVyoming, prominently crossbedStratigraphic assignments of sandstone beds in south

The name Crow Mountain sandstone member is applied complex facies relations, but a few arise from misuse of erals with soda-rich waters of a large interior marsh-lake. ded sandstone assigned to the Troublesome Oreelc membereastern vVyoming and adjoining areas from which no fos
to a petroliferous sandstone sequence of limited areal ex adequately defined names. The Timothy sandstone in south Numerous thin, lenticular conglomerate beds may be evi sils have been reported are problematical. For example, of the Jelm formation is considered by Hubbell (1956, p. 

274-7) as probably eolian, although insufficient data aretent, as pointed out by Love and others (1945a). The name eastern Idaho, for example, was named by Mansfield (1920, dence of repeated uplift in surrounding areas. a dominantly orange sandstone, which for years has been available on primary structures to demonstrate this. Theis preferable to the drillers' term, Oiirtis sand: applied to p. 29, 50) and described as "somewhat sugary yellowish to Upper boimdary of interval 0;-In some parts of western called J elm sandstone ( Lee, 1927) , is assigned to interval sandstone grades downward into a basal unit exhibitingthe same petroliferous sandstone. Like the drillers' term, grayish sandstone in beds 1 to 3 inches thick, ·weathering United States, the upper boundary of interval C is be C in this report because of its current age assignment. The features of fluviatile origin. however, the name Crow Mountain sandstone member has pinkish." Yet the name has also been used in western lieved to coincide ·with a contact between practical time writers, however, are unaware of any convincing support The climate in central and southeastern vVyoming dur
probably been applied with usage to more than one sand Wyoming for red beds that might more appropriately be stratigraphic units, that is, an approximation of the bound ing evidence. In areas to the north, unfossiliferous sand ing early Late Triassic time is believed by the writers, on 

ary between the Triassic and Jurassic systems. In manystone unit. assigned to the Ankareh formation. stone referred to as the "basal Sundance sandstone" in re the basis of organic remains, to have been warm and moist.
The name Popo Agie has been used in two ways. The Thickness trends.-Rocks of interval C thicken from less parts of ·wyoming and throughout southeastern Idaho, how cent publications (McCrae, 1956) has not been included in The abundance of fossils related to those of the lower part

writers follow current usage (for example, Reeside and than 300 feet, along the northwest flank of the Green River ever, the boundary between the systems is an enigma. No interval C although here also the presumed age is not of the Dockum group in Texas suggests that depositional
others, 1957, p. 59-62; Burk, 1956, p. 28) in assigning to basin in vVyoming, to about 2,000 feet in the vicinity of the useful fossils have yet been found to establish its position proved. and climatic conditions in ,Vyoming were closely similar 
it all the beds between the Alcova limestone member or the Fort Hall Indian Reservation in southeastern Idaho. These accurately. Thus, interpretations other than those used by the writers to those represented in ,vest Texas (p. 14, col. 2). 
Crow Mountain sandstone member and the Kugget sand- rocks thin eastward from more than 600 feet along the Rock units in "\Vyoming pertinent to the problem of in determining the top of interval C are possible in south- In the latter part of Late Triassic time, arid conditions 
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probably prevailed in central and southwestern ·wyoming, 
for parts of the Nugget sandstone, possibly of Triassic age, 
and the so-called Navajo sandstone of the Uinta Mountain 
region are considered to be of eolian origin. Again, con
ditions in parts of ·wyoming apparently were comparable 
to those in the southwest region and in Utah when the Win
gate sandstone and possibly part of the Navajo sandstone 
were forming. Precise contemporaneity of climatic change 
in both regions is by no means established; possibly local 
:factors and geography were influential in determining the 
climate in each area, but the importance of these factors 
probably was not great. 

If the ages of rocks here assigned to interval C are cor
rect, then Late Triassic history in Wyoming may be sum
marized as follows : 

(1) Marine transgression from west to east and deposi
tion of limestone. 

(2) Regression westward, advance in that direction of 
deltaic mud flats and flood plains, deposition of 
gravel, sand, and dominantly red mud during a 
time of warm, moist climate. 

(3) Increasing aridity with deposition of widespread, 
dominantly eolian sands in southwestern Wyoming. 

Few lithologic and structural descriptions of rocks of 
interval C in southeastern Idaho have been published since 
those of Mansfield ( 1927; 1952) and ideas concerning pos
sible modes of origin have not been modified from his. The 
environment in which the Timothy sandstone was deposited 
is unknown. Evenness of bedding and texture are cited 
by Mansfield (1927, p. 189) as evidence of distribution and 
sorting by marine currents but these features might also 
be formed in a flood plain; local irregularities in bedding 
and texture, as well as presence of wood fragments, led 
Mansfield ( 1927, p. 190; 1952, p. 75) to suggest continental 
deposition as well. The Higham grit is believed (Mansfield, 
1927, p. 192) to have been formed in overlapping alluvial 
fans, deposited by streams draining mountains to the west 
in which qnartzites were exposed. The Deadman limestone 
is attributed to deposition in an extensive lake which evolved 
into playas in which the ,vood shale tongue of the Ankareh 
formation was deposited. 

Paleotectonic implications.- Rocks of Late Triassic age in 
·wyoming and southeastern Idaho, unlike those of Early 
Triassic time, represent a record of tectonic instability. Al
though no conspicious evidence of diastrophism is repre
sented in strata either at the beginning or at the end of 
the epoch, abundant conglomerate beds at many strati
graphic horizons suggest that uplifts in source areas were 
episodic rather than of cont.emporaneous development in 
different areas. 

Subsidence of the depositional area was greater in south
eastern Idaho than in Wyoming, as in Early Triassic time. 
A westward-sloping shelf area in southeastern Idaho, merg
ing westward into a geosyncline that existed during depo
sition of the lower part of the rocks assigned to interval 
C, is inferred from the basal marine limestone unit. As the 
sea regressed, however, a continental basin somewhat com
parable to Late Triassic basins farther south developed in 
this area, as indicated by thick sections of medium to 
coarse, nonmarine strata whose detritus was derived from 
the west. Neither the center nor the western margin of the 
Late Triassic basin in Idaho can be located because western
most known exposures are the thickest and coarsest in the 
region; rocks indicating the western edge of the basin are 
presumed to have been removed by erosion. The eastern 
margin of the basin, on the other hand, probably coin
cides with the belt of thin rocks of interval C in western 
·wyoming, which separated the southeastern Idaho basin 
from the basin at the southeastern end of the '\Vind River 
Mountains where. rocks more than 600 feet thick are now 
preserved. 

Coarseness of detritus and the predominance of alluvial 
and associated deposits in these Late Triassic basins are 
evidence that subsidence and deposition must have been 
in approximate balance. 

Progressively greater coarseness of sedimentary rocks 
toward source areas supports the interpretation that various 
positive elements were active during Late Triassic time. 
Coarse detritus in the .Jehn formation is evidence of reacti
vation of a highland in central Colorado that had been 

active in late Paleozoic time and that has been called the 
Ancestral Rockies. The Gartra grit member of the Ankareh 
formation apparently was derived from the south, but the 
abundance of :feldspar and granitic material in it prob
ably excludes the Uinta Mountains region as a source 
because these mountains are composed mainly of quartzitic 
material. The source of the Gartra grit member probably 
lay in west-central Colorado; it has been called the an
cestral Uncompahgre uplift. 

In southeastern Idaho, Upper Triassic rocks contain abun
dant coarse detritus, largely quartz and quartzite fragments, 
derived from the west, which supports the interpretation 
of a narrow geanticline in central Idaho during much of 
that time. MoreoYer, the apparent absence of volcanic de
bris in Upper Triassic rocks of Wyoming, except possibly 
for analcime in the Popo Agie member of the Chugwater 
formation, at a time of profuse and presumably violent 
volcanic activity in western Idaho may mean the uplift was 
a high mountain harrier (Rubey, 1955, p. 125). Further 
evidences cited by Rubey for a barrier between the depo
sitional area in western Idaho and that in southeastern 
Idaho are major differences in fauna and lithology between 
the two areas. The mountain barrier is presumed to have 
been absent during all of Early Triassic time (p. 10, col. 2) 
and probably also during deposition of the lowest, marine 
strata of Late Triassic time. If these and the foregoing 
inferences are correct, then the mountain barrier must have 
been formed during, and not at the beginning of, Late 
Triassic time. 

NORTHEASTERN COLORADO 

By M . .R. Mudge 

Formations included.-Interval C of the Triassic sys
tem is represented in northeastern Colorado by sandstone 
referred to the Je1m formation. This formation was first 
described by Knight (1916, p. 120) from Jelm Mountain 
in the Laramie quadrangle, vVyo~ing. Later, in discussing 
it, Lee ( 1927, p. 14) states: "This formation, which is 250 
feet thick at t11e type locality, lies unconformably on the 
older red beds of supposed Permian age and contains . bones 
of Triassic vertebrates in beds of 'pebble conglomerate 
composed of small limestone pellets, wood fragments'...." 
In Colorado a unit referred to the Jelm formation has 
not been conclusively dated, nor has it been traced or cor
related directly with the type section at Jelm Mountain. 
The assignment of this unit to the Jelm formation is based 
mainly on its lithologic similarity and comparable strati
graphic position. In assigning it to the Jelm formation, Lee 
(1927, p. 14-15) states: "East of the Laramie Range in 
·wyoming and the Front Range in Colorado the Jelm for
mation is probably represented by massive cross-bedded 
orange-colored sandstone, reported in many of the measured 
sections, which lies below the beds of ,Jurassic age and un
conformahly on the older red beds...." Since 1927 most 
geologists in the region have accepted this correlation 
(Heaton, 1939). 

The exact relation between the Jelm formation and the 
Dockum group of Late Triassic age to the south has not 
been established, although they are thought to he approx
imately equivalent. The ,Telm can be recognized in outcrop 
as far south as northeastern Boulder County, Colo.; in the 
subsurface, it can he correlated as far east as northeastern 
Weld County. 

Thickness trend8.-Isopach lines of rocks assigned to in
terval C (pl. 4) which show only the present extent of the 
Jelm formation, indicate that in only a few places in north
eastern Colorado is it more than 100 feet thick. The one 
apparent trend in this area is in the northwestern part. 
Here a northwest-trending reentrant shown by isopach lines 
is nearly identical to that sho,vn for rocks of interval A 
(pl. 3, fig. 1). 

Upper boundary of interval C.-The Jelm formation 
throughout northeastern Colorado is overlain unconform
ably by the Entrada sandstone. In most places the contact 
between these two sandstone units is not difficult to deter
mine for the Entrada is composed of white to pink, fine
grained, highly crossbedded sandstone, whereas the Jelm 
formation consists of orange, fine- to medium-grained, lo
cally crosshedded sandstone. In places the Jelm formation 
contains thin beds of conglomerate. The most obvious di£-

:ference between the formations is in color, and this gen
erally persists not only in surface exposures but also in 
the subsurface. Locally, however, where color difference is 
not pronounced, distinguishing the two formations is dif
ficult. 

Paleotectonic implications.- Coarseness of grains in the 
Jelm formation, the unconformity at its base, and uniform 
fineness of grains in the underlying Lykins formation in
dicate that tectonism was active during the hiatus between 
units of Early and Late Triassic age and during deposition 
of the J elm formation in Late Triassic time. Litho:facies and 
isopach data indicate that an area in north-central Colorado, 
part of the Front Range uplift of the Ancestral Rockies, 
was elevated and was the chief source of sediment forming 
the Jelm formation. 

WEST COAST REGION 

By K. B. Ketner 

Formations inclitded.-In the vYest Coast region more 
than 30 formations are assigned to interval C ( table 2). 
The comparatively great number of formations reflects the 
large area covered by rocks of this interval in comparison 
with that covered by rocks of intervals A and B. 

In the central part of western Nevada, unnamed lvlonotis
bearing mudstone and limestone, together with associated 
metamorphosed sedimentary and volcanic rocks, are as
signed to interval C ( Gianella, 1936, p. 35; Curtis, 1951, 
p. 32). 

In the central and northern parts of eastern Nevada, 
unnamed rocks said to be of Late Triassic age ( confidential 
oil company report; Stokes, 1953, p. 149) are tentatively 
assigned to interval C. Little is known about the thick
ness, lithology, and extent of these rocks. 

In the Taylorsville region of northeastern California the 
following formations were listed by Diller (1892, p. 372) as 
Upper Triassic (in ascending order): Swearinger slate, 
Hosselkus limestone, Trail formation, and Foreman forma
tion. Doubt was expressed by Diller as to the correct strati
graphic position of the Trail :formation. Later, the Fore
man and Trail formations were assigned by him (1908, 
pl. 4) to the Jurassic, and the stratigraphic positions of 
the Hosselkus limestone and Swearinger slate were reversed. 
The order of the Hosselkus limestone and Swearinger slate 
was again reversed in a recent interpretation by Silherling 
(in Reeside and others, 1957, p. 14 70), based on data of 
McMath, and the Trail formation was returned to the Tri
assic, stratigraphically below the Hosselkus and Swearinger. 
The sequence, as interpreted by Silberling and accepted 
for this folio, is as follows (in ascending order) : Trail 
formation, Swearinger slate, and Hosselkus limestone.2 

In the Redding area of northern California, Diller ( 1906), 
modifying the nomenclature of -Smith (1894, p. 592), as
signed the following formations (in ascending order) to the 
Upper Triassic: Pit shale (upper part), Hosselkus lime
stone, and Brock shale. The Brock shale contains iJ/onotis 
and is therefore the correlative of j}/onotis beds in the 
Swearinger slate of the Taylorsville area. The underlying 
limestone was correlated, with less reason, with the previ
ously described Hosselkus limestone of the Taylorsville area. 
This correlation led to the belief that the more obscure 
Taylorsville section was overturned, as the Hosselkus lime
stone overlies the i1fonotis-bearing Swearinger slate there. 
Triassic rocks in the Taylorsville area are now interpreted 
by Silberling, after the data of McMath (in Reeside and 
others, 1957, p. 1470) as not overturned, and therefore the 
"Hosselkus" of the Redding area cannot be the correlative 
of the original Hosselkus limestone at Taylorsville. The cor
relation of part of the Brock shale with part of the Swearin
ger slate is thought to be correct. 

Jhe Modin formation, thought by Diller to be of Jurassic 
age, is now assigned to the Upper Triassic above the Brock 
shale (Sanborn, 1952). Therefore, in northern California, 
interval C is represented by the :following formations, in 
ascending order: Pit formation (upper part.), limestone 
(Hosselkus (?)), Brock shale, and Modin formation. 

In southeastern California, a thick section of unfossilifer
ous volcanic and elastic sedimentarv rocks overlies marine 
Middle Triassic rocks (C. W. Mer;iam, written communi
cation 1956). Although the lower part of this unit is as-

• McMath (1958, p. 127)1 now doubts the validity of the data given to 
Sllberling. The stratigraphy at Taylorsville must still be considered subject 
to radical revision. 

signed by Silberling (in Reeside and others, 1957, p. 1470) 
to the Middle Triassic, it is here assigned entirely to 
interval C. 

In western and central Idaho, interval C is represented 
by rocks that have been included in the Seven Devils vol
canics, the Liwile series, and the Casto volcanics. 

In central west~rn Idaho, along the Snake and Salmon 
Rivers, a very thick, structurally complex, moderately meta
morphosed sequence includes rocks of Triassic age. The 
lower part of the sequence is called the Seven Devils vol
canics and consists predominantly of andesitic rocks, tu:f
faceous sediments, and rhyolite estimated to exceed 10,000 
feet in thickness ( Cook, 1954, p. 3). Fossils in this for
mation are of both Permian and Late Triassic age (R. L. 
Cannon, written communication, 1956) and therefore the 
unit. has been considered in part comparable with the Clover 
Creek greenstone of Permian age in northeastern Oregon. 
Because no fossils of Early or Middle Triassic age have 
been reported, portions of the formation are not included 
on maps of rocks o-f intervals A and B in this folio. R. L. 
Cannon, however, considers the deposition of the unit to 
have been continuous from the rocks containing Permian 
fossils to those containing Late Triassic forms. 

Unconformably above the Seven Devils volcanics is the 
upper part of a sequence that has been called the Lucile 
series (Wagner, 1945, p. 5). According to Cook (1954, p. 4) 
this series consists of a lower graphitic and calcareous mud
stone unit as much as 1,000 feet thick, a middle gray lime
stone member 50 to 500 feet thick, and an upper phyllitic 
member about 2,000 feet thick. The lower member is thin 
or absent in places. The middle limestone contains fossils 
of Late Triassic age and is believed to be correlative with 
the Martin Bridge formation in Oregon (Ross, 1938, p. 32). 
The upper phyllitic member has been assumed to be com
parable to rocks in which ammonites of Late Jurassic age 
have been found (Livingston, 1932, p. 34). 

In the northern Seven Devils region the middle gray 
limestone member of the Lucile series: according to ,v. B. 
Hamilton (oral communication, Jan. 17, 1957), is overlain 
by about 500 feet of dark gray slate. The slate is overlain 
by a thrust sheet composed of green schist and greenstone 
of unknown age. At least in central western Idaho, there
fore, both the base and the top of the Triassic system and 
the boundaries of interval C are too inadequately known 
for any realistic estimate of present thicknesses or litho
facies. 

Triassic rocks in Nez Perce County, Idaho, like those 
in the Seven Devils region to the south, are inadequately 
known. Fossiliferous limestone in that area is described 
by N. D. Newell (in Squires, 1956, p. 2) as an inlier, pos
sibly a roof pendant in the Idaho batholith, of somewhat 
metamorphosed blue limestone underlying a cap of Ter
tiary lava. Corals from this limestone are :tssigned a Norian 
( middle Late Triassic) age by Squires ( 1956, p. 2) but the 
gastropods are considered of Karnian ( early Late Triassic) 
age by Haas ( 1953, p. 304-305). The relation of this lime
stone to limestone of the Liwile series or of the Martin 
Bridge formation of Karnian age is not known. 

The sequence of somewhat metamorphosed, dominantly 
andesitic rock assigned to the Casto volcanics in central 
Idaho is of unknown age. No fossils have been reported 
from this formation. On the basis of lithologic similarity, 
however, Ross (1934h, p. :35) suggests it may be stratigraph
ically equivalent to the Seven Devils volcanics. Even if 
part of the Casto volcanics is of Triassic age, data are 
not available for estimating its thickness and for separating 
it from the lower part that is of presumed Permian age. 

In southwestern California the Bedford Canyon for
mation is assigned to interval C on the basis of fossils. 
Although fossils reported to be of Middle Triassic age have 
been found in the formation (Larsen, 1948, p. 18), their 
age is not definitely known (Silherling, in Reeside and 
others, 1957, p. 1469) . 

In northwestern vVashington the Haro formation of 
McLellan (1927, p. 112) and part of the Cultus formation 
of Daly ( Hl12, p. 516) are assigned to interval C. Daly 
assigned the Cultus formation to the Triassic system be
cause of the supposed Triassic age of its fossils and be
cause of resemblance to known Triassic rocks of Vancouver 
Island. According to Frehold (1953, p. 1232), however, one 
of the fossils reported by Daly from the Cultus formation 
indicates .rurassic rather than Triassic age. 

A complex series of volcanic rocks, tuffaceous sedimentary 
rocks, argillite, quartzite, chert, and limestone in south
western Oregon and adjacent California is assigned to in
terval C. These rocks, now known as the Applegate group, 
were originally thought to be of Paleozoic age (Diller, 
1914, p. 14) but recently have been reassigned a Late(?) 
Triassic age (Wells and others, 1949, p. 3). 

Thiclcness trends.-Rocks of interval C are both thicker 
and more widespread than those of inter':als A and B. 
They attain their greatest thickness along a belt extending 
from southwestern California northward to central Oregon. 
Thicknesses of 20,000 feet or more are reported in southern 
California and northwestern Nevada, hut data concerning 
the ages of these sequences are rather inadequate to fully 
establish their stratigraphic ranges. 

Lithofacies trends.---Sedimentary rocks of interval C 
range in composition from mainly elastic rock in southern 
Nevada and southern California to mixtures of carbonate 
rock and fine-grained elastic rock elsewhere in the region. 
Volcanic rocks, ranging from basalt to rhyolite, are con
centrated along a belt extending from southern California 
to southwestern Oregon and in northeastern Oregon and 
adjacent Idaho. 

Upper boumdary of interval C.-The upper boundary of 
interval C is considered to coincide with formation con
tacts everywhere in the West Coast region except in south
ern Nevada, northeastern California, and northwestern 
"\Vashington. The Chinle formation as used in early reports 
on southern Nevada can be partly subdivided into units now 
recognized in Utah (J. H. Stewart, oral communication, 
1957). The lower part of the Chinle formation is recognized 
as the Petrified Forest member. The upper part, several 
hundred feet thick, is correlated with the Moenave forma
tion of Late Triassic(?) age and the Kayenta formation 
of Early .Jurassic ( ? ) age. The Petrified Forest member of 
the Chinle formation and strata correlated with the Moenave 
formation are assigned to interval C. Because the position 
of the boundary between the Moenave and Kayenta equiva
lents in this area is uncertain, however, the thickness of 
the Moenave equivalent is represented on plate 4 by a plus 
sign following the thickness of the Petrified Forest mem
ber of the Chinle formation. 

Because the Kayenta formation of southern Nevada was 
not included in the ,Turassic folio (McKee and others, 1956), 
thicknesses and lithofacies shown on plates 3 and 4 of 
that publication are not in agreement with the current age 
assignment. 

The Milton formation of northeastern California ( Clark, 
1930, p. 51; Taliaferro, 1942, p. 1) and the Oultus formation 
-of northwestern '\Vashington (McLearn, 1953, p. 1216) are 
both partly Jurassic and partly Triassic in age. About 200 
feet of the Milton formation is known to be Triassic. The 
thickness of additional, unfossiliferous strata probably of 
Triassic age is represented on plate 4 by a plus sign. Since 
the thickness of the Triassic part of the Cultus formation 
is entirely unknown, it is represented on plate 4 merely 
by a plus sign. 

Environment of deposition.-Continental sediments de
posited during the Late Triassic epoch are prevalent in 
southern Nevada and adjacent parts of California. The ori
gins and environments of the continental Chinle and Moe
nave formations are discussed in detail in this folio for the 
States of Arizona and Utah (p. 14, eol. 1). Bentonite 
in the Chinle format.ion of southern Nevada may have been 
derived from volcanic ash originating in volcanoes of south
ern California. In the Inyo Range of southeastern Cali
fornia (locality 129), continental sandstone, considered of 
eolian origin, is interbedded with water-laid strata and 
pyroclastic rocks (C. vV. Merriam, written communication, 
1956). Possibly the lttnd are~t of southern Nevada, on which 
the Chinle and Moenave formations were deposited, at times 
extended continuously as far northwest as the Inyo Range 
during deposition of rocks of interval C. 

In other parts of the "\Vest Coast region a marine environ
ment prevailed. 

Paleotectonic implicdtions.-The geosyncline of the West 
Coast region expanded in Late Triassic time to northern 
'\Vashington and Canada. Unusually thick sequences of rock 
in some phLces indicate that subsidence during Late Triassic 
time far exceeded maximum subsidence of Early and Mid
dle Triassic time. 

The sites of most intense volcanism shifted from Nevada 
in Middle Triassic time to California and the Oregon-
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Idaho border in Late Triassic time. The areas of greatest 
accumulation of volcanic rocks in Late Triassic time ap
pear to have been on both sides of the belt of greatest sub
sidence. Volcanic rocks of interval B seem to have accumu
lated within the area of greatest subsidence. 

SU~iMARY }'[AP OF THICKNESSES 
OF TRIASSIC ROCKS (PL. 5) 

The summary map of thicknesses of Triassic rocks (pl. 
5) is a map depicting present thicknesses of rocks assigned 
to all three intervals of the Triassic system. ·where data 
are moderately abundant, thicknesses are shown by isopach 
lines; where they are sparse, by isolated thickness figures. 
Present limits of distribution, areas of maximum thick
ness, and belts of thick and thin Triassic rocks are clearly 
defined on this essentially factual map. Original limits of 
Triassic deposits, areas of greatest accumulation, and axes 
of major troughs, on the other hand, are suggested by 
trends on the map. 

Relative magnitudes of thickness range greatly from one 
part of the country to another; therefore, isopach intervals 
are not the same for all parts of the map. vVhere thick
nesses are less than 1,000 feet, an interval of 100 feet is 
used; where they are more than 1,000 feet, and in areas 
where thicknesses range greatly laterally, isopach lines may 
reflect differences in thickness of 500, 1,000, or 5,000 feet. 
Multiples of 500 feet are shown by heavy lines. 

Uses and limitations of nwp.-The map is useful as a 
generalized summary of sedimentation and tectonic events 
during the Triassic period, when used with discrimination. 
It helps outline, for example, the gross results of loading, 
downwarping, and, when compared with similar maps for 
other systems, the shifting of areas of crustal instability. 

This map does not record all sediments deposited dur
ing the Triassic period. Sediments are known to have been 
eroded, partly in many areas, completely in others, at vari
ous times since deposition. Thicknesses and present limits 
of distribution, therefore, do not correspond in many places 
to those of the original deposits. Diminution of thicknesses 
resulting from compaction of sediments, moreover, is a fac
tor not considered here. On the other hand, possible exclu
sion of some rocks of Triassic age and inclusion of others 
not of Triassic age, because of difficulties in recognizing 
the lower and upper boundaries of the system, are discussed 
throughout the folio. 

Thicknesses on plate 5 are of Triassic rocks where they 
are now found. In some regions the rocks htLve been moved 
appreciably since Triassic time by deformation of the earth's 
crust. In northern Nevada, for example, the Tobin-Golconda 
thrust has been demonstrated (Muller, 1949, p. 53; 
Muller, Ferguson, and Roberts, 195lf to have moved into 
juxtaposition contemporaneous Triassic rocks of different 
facies, originally deposited in widely separated areas. The 
surface trace of the Tobin-Golconda thrust fault is shown 
on accompanying maps (pls. 2- 5) in order to distinguish 
data pertaining to rocks of the upper plate from data per
taining to those of the.lower plate. Other thrust faults in 
northern Nevada and elsewhere are omitted from the maps 
because, owing to lack of detailed studies, it is not clear 
whether thrusting has greatly affected original patterns 
of thickness and lithology of Triassic rocks. 

Attempts ~o restore the spatial relations of Triassic rocks 
at the time of deposition meet many obstacles. Directions 
and amounts of movement along most thrust faults are 
unknown and the amount of shortening represented in post
Triassic folds has not been computed, so palinspastic maps 
have not been prepared. 

Significant differences between various subdivisions of 
the Triassic system constitute another factor that must be 
considered in drawing inferences from the summary map 
( pl. 5). Deep basins of deposition developed during one 
part of Triassic time, for example, may be masked by 
those developed in adjacent areas at another time. More
over, the patterns of summary isopach lines for the entire 
system may result in apparent trends that have little bear
ing on more significant trends within each subdivision. 
Generalizations concerning the isopach map of the Triassic 
system, therefore, must he made with caution. 

ADVANCE SUMMARY 

Rocks of each of the intervals included on the summary 
map differ greatly from those of the other two intervals 

in distribution, structural controls, and many features of 
lithology. Rocks of the intervals were formed under con
trasting types of environment. Rocks of all three intervals 
occur together only in parts of the "\Vest Coast region, but 
strata of two intervals (A and C) occur in the same sec
tions through much of the vVestern Interior. Rocks of in
terval A alone are present in Montana and those of in
terval C alone occur in Texas and most of New Mexico 
and in the East Coast region. 

Tectonic feature8 and implication8.-Significantly differ-
ent types of tectonism and different areas of development 
account for major contrasts between rocks of intervals A 
and C. The apparent lack of a eugeosyncline in the far west 
during Early Triassic fane is especially notable when the 
very thick sections of Middle and Late Triassic age, with 
their abundant volcanic rocks, are considered. A broad, 
gently sloping shelf, merging westward into a miogeo
syncline of the 1-Vestern Interior during Early Triassic 
time, contrasts with the series of deep, elliptical basins 
developed in the same area during Late Triassic time. Fi
nally, the active sinking and sedimentation in Montana and 
the Dakotas during Early Triassic time as compared to 
the absence of rocks of Late Triassic age, is the reverse 
of conditions in Oregon and vVashington~ Texas and New 
Mexico, and the East Coast regions where Lower Triassic 
rocks are absent but those of the Upper Triassic series 
are thick. 

Probably closely related to differences in the structural 
framework that controlled geosynclinal and basin sinking 
during Early and Late Triassic times are differences in the 
terrain surrounding the regions of deposition. During depo
sition in Early Triassic time, few or no elevated regions 
were developed to furnish coarse sediments, and little if 
any volcanism was in operation. In contrast, later in Tri
assic time uplifted areas nearly encircled basins of the 
vVestern Interior region and furnished abundant gravel and 
coarse sand included in interval C; much volcanlc activity 
took place in both ""\Vest and East Coast regions and ap
preciable amounts of volcanic ash accumulated in the West
ern Interior. Ultrubasic intrusive rocks in central Oregon 
are of Early or Middle Triassic age, whereas less mafic 
intrusive rocks in the East Coast region are thought to be 
of Late Triassic age. Perhaps also related to differences in 
crustal disturbance and uplift are contrasts in climate dur
ing deposition- the climate of Early Triassic time is con
sidered to have been arid or semiarid; that of much of 
Late Triassic time, humid. 

Despite basic differences between rocks of intervals A 
and C, composite strudural developments in some areas 
show significant trends. Most areas of maximum thickness 
of Triassic strata in Wyoming, for instance, correspond in 
position to present structural highs; an area of thick Tri
assic deposits in eastern Colorado, on the other hand, nearly 
corresponds in position to the Denver basin of today even 
though the structural axes differ. Thus, many observable 
lines of weakness in the earth's crust were tectonically active 
during Triassic time, but they behaved in many different 
ways and were active in different_parts of the period. 

EAST COAST REGION 

By ,J.C. MacLachlan 

The entire stratigraphic section of Triassic rocks (pl. 5) 
along the East Coast is assigned to interval C of this folio, 
and is discussed in the section on that map (p. 12, col. 5; 
p. rn, cols.1-2). 

SOUTHWEST REGION 

By E. D. 1foKee 

Thickness trend8.-Isopach lines depicting total thick
nesses of Triassic strata in Texas, New Mexico, and Ari
zona ( pl. 5) are notably irregular in pattern. In each of 
these States is located one or more centers of maximum 
thickness and a boundary of Triassic rocks which is ex
tremely sinuous in many places as shown by the zero iso
pach line. The several causes of these especially thick areas 
and of boundary irregularities are discussed in following 
paragraphs. 

Five centers of maximum thickness are recognized in the 
Southwestern States. Four of these centers involve, largely 
or entirely, rocks of interval C and are described under 

that heading (p. 13, col. 4). The fifth, in northwestern 
Arizona, is not included in the interval C discussion for it 
includes a combined thickness of rocks from intervals A 
and C. It is about 1,800 feet thick near the Utah border hut 
is more than 3,000 feet thick in nearby parts of south
western Utah. 

Each of the five centers of greatest thickness is be
lieved, hasicaHy, to result from maximum deposition in a 
particular area modified by varying amounts of subsequent 

· erosion affecting mostly the border areas. Other factors, 
however, have influenced total thicknesses in some of these 
centers. For example, in northwestern New Mexico and 
northeastern Arizona, inclusion in the section of much rock 
(Wingate sandstone) younger than any represented farther 
east adds greatly to the total thickness ( p. 13, cols. 4-5). 
Again, in northwestern Arizona, a thick sequence of older 
strata representing the Moenkopi formation of Early and 
Middle ( ? ) Triassic age, is included. 

Some of the present centers of maximum thickness con
tain sections that probably once were continuous with sec
tions of other centers as parts of a single basin. This situa
tion is illustrated by centers in west Texas and in central 
eastern New ~fexico that are separated today by an area 
in which much Triassic rock has been removed by erosion. 
It is further illustrated in centers near the Four Corners 
area, in northwestern ~ew Mexico, and in northeastern 
Arizona, where a southwest-trending line seems to delineate 
a former axis of maximum basin sinking during Late Tri
assic time. 

The relative effects of erosion on total thicknesses of 
Triassic rocks in west Texas and New )fexico are discussed 
under interval C (p. 13, col. 4) because only Upper Triassic 
strata are involved in those areas. In Arizona, however, 
both intervals A and C are involved. From the maximum 
thickness center of 2,200 feet in northeastern Arizona south
ward, pre-Cretaceous, pre-Tertiary, and Recent erosion all 
have contributed to great irregularities in a general south
ward thinning of Triassic rocks. In extreme northwestern 
Arizona where Triassic strata attain a maximum present 
thickness of about 1,800 feet, Recent erosion has reduced 
the original thickness considerably. At the close of Triassic 
time the section probably was more than twice as great as 
now, judging from measurements in nearby parts of Utah. 

Paleotectonic implications.-In Arizona, as in adjoining 
parts of Utah and Nevada, total thickness of Triassic rocks 
as shown by isopach lines on plate 5 includes figures from 
two distinct. series of deposits, formed under different tec
tonic conditions. For this reason, the paleotectonic signifi
cance of isopach lines for the entire system is difficult to 
appraise (McKee, 1951, p. 493-494). Rocks of the lower 
series (interval A) form a wedge that is 2,000- 3,000 feet 
thick in western Arizona and Utah, but thins eastward to 
an edge near the New Mexico-Colorado line. This wedge 
represents the deposits of a miogeosyncline in the west merg
ing eastward into the deposits of a relatively stable shelf. 
In contrast, rocks of the younger, overlying series (interval 
C) bear no relation to any geosyncline in this area and have 
their centers of maximum thickness in basins far east.ward 
of earlier centers. Thus, combining the unlike trends and 
deposits of these two epochs produces a map of complex 
pat.tern which spans a time of significant tectonic change. 

EASTERN COLORADO AND ADJOINING PARTS OF 
KANSAS, NEBRASKA, AND OKLAHOMA 

By M. R. Mudge 

In eastern Colorado, western Nebraska, southwestern 
Kansas, and northwestern Oklahoma, Triassic rocks are in 
two separate basins. Those in southeastern Colorado, south
western Kansas, arid northwestern Oklahoma are of Late 
Triassic age only, whereas those in northeastern Colorado 
and western Nebraska are of both Early and Late Triassic 
age. In east-central Colorado the two basins overlap ttlong 
a narrow northwest-trending trough in which rocks of Late 
Triassic age rest on rocks of Early Triassic age. To avoid 
unnecessary repetition, the reader is referred to discussions 
of intervals A and C for descriptions of these rocks. 

In northeastern Colorado, isopach lines show conspicuous 
westward thickening within a small basin that had a north
westerly trending structural axis. Rocks are thickest, 670+ 
feet, along the western edge of the area, and thin eastward 
apparently as the result both of subsequent erosion and 

of progressively less original deposition in that direction. 
A second depositional trend in northeastern Colorado, de
veloped during Early Triassic time and continued through 
Late Triassic time, is a narrow, elongate belt of thinning 
in a northwestward direction. 

In southeastern Colorado, southwestern Kansas, and 
northwestern Oklahoma, rocks of Late Triassic age appar
~ntly were deposited in the northern end of a large basin 
centered in west Texas and eastern New :.\-Iexico. The general 
character of these rocks, together with paleotectonic impli
cations regarding them, is discussed in detail under interval 
C. 

WESTERN COLORADO AND UTAH 

By M. E. MacLachlan 

A general westward thickening of Triassic strata from 
western Colorado across Utah is depicted on plate 5. This 
trend, however, results from combining Lower Triassic 
rocks, that thicken westward across Utah, with rocks of 
Late Triassic age, which are thickest in the Four Corners 
area of southeastern Utah. In northwestern Colorado, Tri
assic rocks increase in thickness from south to north. This 
trend is prominent on plate 3, figure l, and plate 4. 

The summary map and maps on plates 4 and 6 are di
vided, because of differences in position of the upper bound
ary, into two parts that are separated by a narrow belt, I, 
(table 5). In each of these parts, rocks of the Glen Canyon 
group are recognized (table 5). The "\Vingate sandstone 
or lowest formation of this group is considered of Triassic 
age and included in interval C of this paper. The two 
overlying formations rtre included in interval A of the 
Jurassic folio. Because the ,vingate sandstone is recognized 
in southern Utah but cannot be differentiated from other 
formations of the Glen Canyon group in northern Utah, 
the rock units included on the map for these two areas 
are not compatible and thickness trends cannot be com
pared directly. 

,Videly spaced, irregular isopach lines trending in a 
northeasterly direction are evident in south-central Utah 
on the Triassic summary map (pl. 5) . The course of these 
lines is diverted in southeastern Utah by the Monument 
upwarp (fig. 6) where Permian rocks are now exposed. 
Eastward in southwestern Colorado, isopach lines are more 
closely spaced than elsewhere and are sinuous, particularly 
at those localities adjacent to the zero margin. They reflect 
extensive erosion near the San Juan Mountains; "\Vhite 
River uplift, and Park Range in Colorado ( fig. 6). 

Three centers of maximum thickness are shown on this 
map. The thickest is in San ,Tuan County, Utah (pl. 5), 
where the rocks are more than 1,900 feet thick. This area of 
maximum thickness trends in a northerly direction with 
one lobe extending northeastward and a smaller one north
westward. A second area is shown near the San Rafael 
Swell, Emery County, Utah, where the isopach lines bulge 
westward. Rocks of this area attain a thickness of 1,500 
feet. The third area, where the rocks are 1,150 feet thick, 
is in eastern Rio Blanco County, Colo. 

In southern lTintah County', 1-:-tah, two distinct rock se
quences are present. At the ,vesternmost station, 320 feet 
of Lower Triassic rocks are overlain directly by sandstone 
of the Glen Canyon group; the Chinle formation is ap
parently absent. At eastern stations in Uintah County, Utah, 
and Garfield County, Colo. (fig. 29), only the Chinle for
mation is present. This formation is 90 to 200 feet thick 
in that area, and extends as an attenuated section across 
a narrow saddle on Precambrian rocks- a wesbvard exten
sion of the Uncompahgre positive element. Therefore, rocks 
of Early Triassic time cover the western part of this posi
tive element, but rocks of Late Triassic age, except in the 
region described above, do not. 

An erosional remnant of Triassic strata in NorH, Park, 
Colo., iR surrounded by outcrops of Precambrian rocks on 
the north, east, and west. To the south, Precambrian rocks 
are overlain by the Morrison format.ion of .Turassic age. 

The thickest sections of Triassic rocks .in "Ctah are in the 
western part. Most of these sections are incomplete and in 
widely separated exposures. A thickness of 3,900 feet is in 
"\Veber Canyon in northern Utah, 3,395 feet near Sa]t Lake 
City, and B,M5 feet in vVashington County in southwestern 
TTtah. 

Through most of western Colorado a,nd "Ct.ah, thicknesses 
as shown by isopach lines represent a combination of rocks 

of intervals A and C. In southwestern Colorado and in a 
small part of San Juan County, Utah, however, only Upper 
Triassic rocks are represented. 

Paleotectonic implications.-The summary isopach map 
demonstrates a composite picture formed from two distinct 
structural patterns. In southwestern Colorado and south
eastern Utah where Lower Triassic rocks are missing "Cpper 
Triassic rocks are thickest, and in southwestern Utah ·where 
Lower Triassic rocks are thickest, Upper Triassic rocks are 
thin (fig. 28, compare A- A' with B- B'). In brief, cross sec
tions illustrate that a shelf in central Utah, and a miogeosyn
cline farther west, during Early Triassic time, were replaced 
by a basin in eastern "Ctah and a platform to the west in Late 
Triassic time. Furthermore, low positive elements marginal 
to the area of deposition in Early Triassic time and ele
vated source areas back from the basins in Late Triassic 
time account for fine-grained sediments .in the earlier de
posits and much coarse detrital material in the later de
posits. 

SOUTHEASTERN IDAHO AND WYOMING 

By S. S. Oriel 

Rocks inclnded.- Thicknesses shown on plate 5 for south
eastern Idaho and 'Wyoming are of rocks included in in
tervals A and C of the Triassic system. 

Thicknesse8 and trends.-Triassic rocks thicken gradually 
westward and southwestward from their eroded thin edge 
in Nebraska and )fontana, attaining a thickness of almost 
1,500 feet in the vicinity of the Wind River Mountains, 
Wyo. ( fig. 30, locality 1). From western "\Vyoming west
ward, lw-wever, the rocks thicken abruptly, attaining a 
thickness of more than 8,000 feet in southeastern Idaho. This 
high rate of thickening toward the west is, in part, accen
tuated by present structural relations; sedimentary rocks 
originally formed tens of miles or more apart are now su
perposed in westward-dipping imbricate thrust sheets. The 
increased rate of thickening is also attributable to geosyn
clinal rather than shelf deposition during part of the time. 

Perhaps the most noteworthy feature apparent in Wyo
ming, as shown on plate 5 and figure 30, is the striking coin
cidence of belts of thick Triassic rocks with existing anti
clinal axes and belts of thin Triassic rocks with known post
Triassic structural basins. These relations apply both to 
broad regional tectonic elements and to local structural 
features. 

Illustrations of coincidence of thickness belts of Triassic 
rocks with structural elements are numerous in vVyoming. 
Triassic rocks, for example, are relatively thick along the 
Bighorn )fountains (fig. 30, locality 2), yet they thin east
ward to less than 400 feet in the Powder River basin (lo
cality 3). They seem to be thinner in the middle of the Big
horn Basin (locality 4) than on the east or west flanks 
of the basin. Triassic rocks are thinner within the Wind 
River Basin (locality 5) than they are to the north, along 
the flank of the Owl Creek Mountains (locality 6), or to 
the south, along the ""\-Vind River Mountains (locality 1) and 
the Sweetwater arch (locality 7), On a somewhat smaller 
scale, Triassic rocks are thinner within the Hanna basin 
(locality 8) than they are to the north, along the flanks of 
the Ferris and Seminoe Mountains, and to the southwest, 
along the Rawlins uplift (locality 10) .3 

Tl{e coincidence of a belt of thickening of Triassic strata 
with existing structural elements smaller than those de
scribed above is evident. in northeasternmost vVyoming 
lsopach lines there delimit a northeasterly-trending belt of 
thickening ( fig. 30, locality 11) that coincides with the 
Sage Creek anticline. In southeastern ""\Vyoming, a north
east-trending belt of thickening parallels the ,vheatland 
anticline (locality 12) and the southeastern flank of the 
Hartville uplift. 

Isopach lines of the Triassic system in central Wyoming 
have a dominant east-west alinement. This trend, in the 
vicinity of Casper, consists of a southern belt of thickening 
(fig. 30, locality 1:3), a central belt of thinning (locality 
14), and a northern belt of thickening (locality 15). The 
southern belt coincides with the Bessemer Mountain and 
Casper :Mountain anticlines; the northern belt curves north
westward to coincide roughly with the Powder River, Lox, 

, Structural elements cited in this discussion are shown on maps by Love, Weitz, and 
Hose (19.55), McGrew (1955), and Osterwald and Dean (1958). 
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and Arminto anticlines (locality 19). The belt of thinning 
is approximately at a reentrant along the southern mar
gin of the Powder River basin, but continues eastward 
where it bears no evident relation to the Big Muddy and 
Glenrock anticlines (locality 16), and westward into the 
Wind River basin. 

Paleotectonic implications.--Two major tectonic features 
have long been recognized as controls for Early Triassic 
sedimentation in ,vyoming and southeastern Idaho: an east
ern stable shelf and a miogeosyncline to the west. Lack of 
sufficient stratigraphic data and the effects of post-T:iassic 
structural deformation in western ,vyoming make difficult 
a precise delineation of the hinge line between the two. 
In a general way, the hinge line is located approximately 
along the west flank of the Bridger basin, running north 
almost to the Gros Ventre Mountains where it curves sharply 
westward and passes into Idaho a short distance south of 
the Teton Mountains. The Early Triassic hinge line is 
believed to have coincided approximately with the belt of 
thin rocks of interval C between the dominantly continental 
Late Triassic basin of southeastern Idaho and the basin 
near the southeastern end of the present Wind River Moun
tains. The hinge line also coincides approximately with 
the eastern edge of late Mesozoic and early Cenozoic intense 
deformation. 

The coincidence of belts of relatively thick Triassic rocks 
with present anticlinal axes and of belts of thin Triassic 
rocks with post-Triassic basins in ·"\Vyoming, described above, 
is believed significant but possible causes are not imme
diately apparent. The belts of relatively thick rocks may 
have sunk more rapidly during Triassic time than adja
cent belts of relatively thin rocks. 

Relations comparable to those of Triassic time are not 
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evident on isopach maps of the Jurassic system (McKee 
and others, 1956, pl. 3). Indeed, thicknesses of Jurassic 
rocks seem to be relatively uniform over much of Wyoming, 
although data are sparse. On the other hand, isopach maps 
of Upper Jurassic and Lower Cretaceous nonmarine rocks 
(Love and others, 1945c, figs. 3-5) suggest reverse rela
tions-that is, belts of thick rocks coincide with present 
basins, and belts of thin rocks with anticlinal axes. The thick 
belts may represent more rapidly sinking basins than do 
the thin belts. This interpretation of the relations during 
Early Cretaceous time is supported by results of a detailed 
stratigraphic study of Lower Cretaceous deposits at South 
Glenrock field in central ·Wyoming by Curry and Curry 
(1954). The present distribution of sandstone in Lower 
Cretaceous rocks represents the result of shoaling on topo
graphic highs formed by growing structures, according to 
these authors (Curry and Curry, 1!)54, p. 2154). The struc
tures are interpreted (Curry and Curry, 1954, p. 2119) as 
ancestral features or "pre-Laramide incipient" highs at the 
locales of present, more dominant structures. 

Even the "stable shelf" part of ·wyoming, therefore, ap
parently has a record of instability. H fold axes and fault 
traces are considered lines of weakness in the earth's crust, 
then these weak zones had been developed at least by Meso
zoic time. Stratigraphic evidence (pl. 3, fig. 1, and pl. 4) 
indicates that areas of relatively thick and thin Triassic 
rocks shown on plate 5, particularly in northern and eastern 
Wyoming, are the result both of local warping during depo
sition and of subsequent erosion. 

Some paleotectonic events in Wyoming during Mesozoic 
time, then, may be summarized as follows: 

(1) Deposition of Triassic sediments on a tectonic shelf 
area in central and eastern Wyoming, with thickening along 
locally down warped belts. 
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(2) Gentle local upwarping of belts that are now basins 
and downwarping of belts that are now uplifts during an 
erosional cycle before Middle Jurassic (Gypsum Spring) 
t.ime. 

(3) Relatively uniform ( on a local scale) downwarping 
and deposition during most of ,Turassic time. 

(4) Incipient local upwarping of belts that are now up
lifts and dmvnwarping of belts that. are now basins during 
an interval of regional subsidence and deposition in Early 
Cretaceous time. 

(5) Later local and regional deformation along old lines 
of weakness, and. formation of the dominant structures now 
evident. 

Thus, between early and late Mesozoic time, there was a 
reversal in the behavior of structural lines of weakness in 
the basement of the shelf area of Wyoming. 

The persistence of structural lines of weakness through 
much of Mesozoic time, as well a.s the many present struc
tures in which basement rocks were involved in the defor
mation, as in the Bighorn, Owl Creek, and ,Vind River 
Mountain uplifts and the Sweetwater arch suggests that, 
at least in the eastern and central parts of ·wyoming, defor
mation during the time of each of these events was con
trolled by basement rocks. 

MONTANA, NORTH DAKOTA, AND SOUTH DAKOTA 

By J. ,v-. Goldsmith 

All Triassic rocks in Montana, North Dakota, and South 
Dakota are assigned to interval A of this folio. For a 
description of thickness trends and paleotectonic impli
cations, the reader is referred to the discussion of interval 
A for this region. 
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WEST COAST REGION 

By K. B. Ketner 
Thickness trends.- In the "\Vest Coast reg10n, rocks as

signed to the Triassic system are mainly in Nevada, adjacent 
parts of California, and near the Oregon-Idaho border. 
A widespread cover of rocks of Cenozoic age in Oregon and 
Washington probably conceals a large extent of Upper 
Triassic and possibly older Triassic rocks. 

In many parts of Nevada and California Triassic rocks 
have not been reported, but whether this is because they are 
not present or have not yet been identified is unkown. A 
westward increase in thickness across Utah indicates that 
Triassic strata may have been deposited in central eastern 
Nevada. 

In western and central Idaho, total thicknesses of Triassic 
rocks are unknown. Figures shown on plate 5 represent 
merely a conservative order of magnitude. Thicknesses may 
be several times greater. Uncertainties regarding the amount 
of Triassic- rock present in western Idaho are attributable 
to insufficient study of a structurally complex region of 
metamorphosed sedimentary and volcanic rocks with few 
fossils ( western Idaho, p. 17, col. 4), so that neither 
the base nor the top of the Triassic system is known. Repe
tition 'by both folding and faulting make difficult any 
estimates of thickness in areas of surface exposure. 

Tri11ssic rocks are thickest in a belt extending northward 
from the Santa Ana Mountains of southern California 
through western Nevada to central Oregon. In three places 
along this belt, thicknesses of 20,000 feet or more are re
ported. In the Santa Ana Mountains, Calif., 20,000 feet 
of Triassic rocks are exposed, according to estimates of 
Larsen (1948, p. 22). Because the base of the Triassic sys
tem was not discovered, 20,000 feet is a minimum thickness. 
In southwestern Nevada, rocks of interval A at locality 
9 are combined with rocks of intervals B and C at locality 
20 a few miles away (pl. 1). The total thickness thus recon
structed is greater than 21,000 feet. The thickness of rocks 
of interval A is a minimum because the top of the Triassic 
system is not exposed where the section was measured and 
thicknesses of rocks of both intervals B and C are mini
mum estimates (Ferguson and Muller, 1949, p. 29; Muller 
and Ferguson, 1939, p. 1595). In northwestern Nevada, 

Ronald Wilden (written communication, 1956) estimates 
the Triassic rocks to be 15,000 to 20,000 feet thick. 

The summary map of thicknesses of Triassic rocks (pl. 
5) shows areas of Triassic rocks in the vVest Coast region 
that do not appear on any maps of partial thicknesses (pls. 
3-4), because insufficient information is available to assign 
these Triassic rocks to specific intervals. 

Paleotectonic implications.-Although some of the thick
nesses shown on the summary map (pl. q) may be exag
gerated, most are conservative estimates. The conclusion is 
inevitable that the ,vest Coast region during Triassic time 
was an area of unusually great subsidence, clearly of geo-
synclinal magnitude. · 

GEOLOGIC UNITS DIRECTLY 
ABOVE TRIASSIC SYSTEM (PL. 6) 

Geologic units directly overlying the Triassic system in 
the United States are shown on plate 6. Color patterns are 
used on the map only in areas now occupied by Triassic 
strata. Letter symbols are used, however, not only where 
Triassic strata are present, but also in a few places beyond 
the present limits of the Triassic system. 

The boundary between the Triassic and ,Turassic systems 
is difficult to recognize in many parts of the Western In
terior, and the resulting problem bears directly on units 
shown on plate 6. If all the Nugget sandstone, for example, 
is of Triassic age, then the overlying Twin Creek limestone 
and the Gypsum Spring formation should replace the Kug
get on the map in southeastern Idaho and western Wyoming. 

In compiling the map showing units directly above the 
Triassic system the writers have used, with few exceptions, 
currently accepted age designations. Exceptions are de
scribed in the regional discussions of interval C. Intervals 
of the Jurassic system (McKee and others, 1956), ·wherever 
recognizable, and geologic systems ·where the ,Turassic rocks 
are not present are distinguished on the map by color pat
terns. Formation and other rock-stratigraphic units are 
indicated by Jett.er symbols. 

ADVANCE SUMMARY 

The oldest rocks covering Triassic strata in western 
United States are those of ,Jurassic i11terval A, generally 
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considered of Early ,Turassic age. These make a conformable 
series with Triassic rocks throughout an area extending 
from southwestern Wyoming and southeastern Idaho to 
northern Arizona and southern Nevada. 

Both east and north of the area covered by rocks of Early 
,Jurassic age (interval A), younger ,Jurassic formations 
overlap the Triassic surface. Rocks of Middle and early 
Late Jurassic age (interval B) cover Triassic strata across 
a broad belt from North Dakota and Montana south to 
central New Mexico. Farther east, in eastern Colorado, and 
farther north, in southwestern Montana, rocks of still 
younger Jurassic age (interval C) overlap the older strata 
and rest on Triassic rocks. In Montana and in Quay County, 
New Mexico, rocks of youngest Jurassic age (interval D) 
locally extend beyond those of interval C and cover the 
Triassic surface. Thus, plate 6 illustrates by relative posi
tion of rocks overlying the Triassic system a progressive 
eastward and northward expansion or migration of the 
depositional area during ,Turassic time. 

Rocks of Cretaceous age directly overlie Triassic strata 
in large areas of New l\fexico and west Texas and locally in 
Oklahoma, Kansas, and Arizona. In a considerable part of 
this region ,Turassic strata probably never were deposited 
and erosion from Triassic to Cretaceous time is represented 
by the pre-Cretaceous unconformity. Elsewhere in the same 
general region, extensive upper Tertiary rocks rest upon 
Triassic strata where Cretaceous rocks were removed by 
erosion in early Tertiary time. 

Complex structural and stratigraphic relations in Nevada 
and the West Coast region make difficult any significant 
conclusions concerning rocks overlying the Triassic in that 
region ( pl. 6). 

EAST COAST REGION 

By ,I. C. MacLachlan 

Post-Triassic erosion has resulted in progressive lowering 
of the surface of the Triassic rocks until only remnants of 
the original deposits remain in outcrop. Triassic and Juras
sic rocks are known to be present in certain parts of the 
Atlantic Coastal Plain and are inferred to be present in 
others (pl. 7, fig. 3). Locally they have been penetrated by 
exploratory wells; elsewhere seismic data have shown a 
difference between the depth to basement and the depth to 
the base of the Cretaceous system and this difference is 
believed to represent the thickness of Triassic and Jurassic 
strata. All known and inferred Triassic strata in this area 
are overlain by Cretaceous rocks ( pl. 6) . 

SOUTHWEST REGION 

By E. D. McKee 

Units overlyinq Triassic.-The oldest strata overlying the 
Triassic system in the Southwest are those of the Kayenta 
formation (pl. 6) of Jurassic(?) age. Across northeastern 
Arizona and adjoining parts of Utah these strata lie con
formably on beds considered definitely Triassic in age and 
are overlain conformably by the Kavajo sandstone of Juras
sic and ,Turassic( n age. Thus, essentially continuous dep
osition of sediments from Late Triassic into Early Juras
sic time seems to have been widespread and very likely at 
one time involved a region somewhat more extensive than 
the record now shows. 

Along broad belts to the east, south, and west of the area 
now occupied by the Kayenta formation in Arizona (pl. 6), 
erosion has removed formations do,vn to the Triassic rocks 
and below. Over much of this region the record is being 
stripped today, but an appreciable amount of the erosion 
may have been accomplished in pre-Pliocene or pre-Miocene 
time as indicated by sizeable areas along the south where 
upper Tertiary strata rest on Triassic rocks. 

Eastward and southeastward from the area of distribu
tion of the Kayenta formation in Arizona, Triassic rocks 
are overlain by rocks that, in general, are progressively 
younger. Near the Arizona-New Mexico border the Kavajo 
sandstone and the Carmel formation overlap the Kayenta 
formation in limited areas and rest with unconformity upon 
uppermost Triassic strata. Across all of northern New 
Mexico, the Entrada sandstone of Late ,Jurassic age overlies 
Upper Triassic beds, and in southern New Mexico a still 
greater hiatus is represented where Dakota sandstone of 

Cretaceous age rests upon Triassic strata. In many parts of 
west Texas, rocks of Comanche age overlie those of Late 
Triassic age. 

Post-Cretaceous erosion and post-Tertiary erosion have 
greatly affected the pattern of rocks overlying the Triassic 
system in southeastern New Mexico and adjacent west 
Texas. A large northward-extending reentrant of pre-Trias
sic and Triassic rocks in central New Mexico shows where 
Recent erosion is dissecting an area formerly occupied by 
Triassic strata. Farther east, near the New Mexico-Texas 
boundary, a parallel belt in which Tertiary rocks rest on 
Triassic is probably an area of extensive post-Cretaceous 
stripping that once extended much farther west. 

A second prominent reentrant formed by Recent erosion 
extends westward along the Canadian River into New 
Mexico from the Panhandle of Texas. It exposes Triassic 
and, locally, some pre-Triassic strata and is flanked both 
north and south by wide areas in which Tertiary deposits 
r·est upon Triassic. Another belt in which Tertiary beds 
cover Triassic rocks is farther south, extending east-west 
in the area north of Midland, Tex. Such areas illustrate 
extensive post-Cretaceous erosion that cut down to and 
into Triassic rocks. 

In the southern part of west Texas, in Crane and Pecos 
Counties, is an area within the region of Triassic deposition 
in which Triassic strata have been completely removed by 
erosion (pl. 6) . The south end of this area contains rocks 
of Comanche age resting on Permian beds, from which it 
is inferred that Triassic strata were removed by pre-Co
manche erosion; northward, Quater:iary deposits rest on 
Permian rocks, indicating that later, pre-Quaternary ero
sion has removed once widely distributed Cretaceous rocks 
in this area. 

Paleotectonic implication.Y.- Triassic rocks of the west 
Texas region have been subjected to at least three major 
times of erosion-pre-Cretaceous, post-Cretaceous, and Re
cent-as st.ated by Adams (1929, p. 104-7) and as illustrated 
in this folio by section A-A' and B-B' of plate 4. In parts 
of southern New Mexico, where rocks of Comanche age 
are absent, a pre-Dakota surface probably corresponds 
closelv to the pre-Comanche surface farther east. In north
ern New Mexico and adjacent parts of Arizona a period of 
erosion prior to the Late ,Turassic is recognized as a sig
nificant gap in the record, but in much of northeastern 
Arizona, Jurassic strata are not separated from Triassic by 
an unconformity. 

Before deposition in Late Jurassic time, no notable crustal 
disturbances and no major removal of Triassic strata in 
the southwest region are indicated in the sedimentary rec
ord. The Entrada sandstone of Jurassic age apparently 
rests on a remarkably even surface of Upper Triassic strata 
over a very wide region. Northward thinning of Triassic 
strata along the basin margin (pl. 6) in northern New 
Mexico (Moreno Valley in western Colfax County to the 
Colorado line) is attributed by C. B. Read (oral commu
nication, 1956) to pre-Jurassic erosion because the beds are 
coarse grained like the Santa Rosa sandstone and because 
of the considerable thinning in a short distance. Other 
evidence of thinning attributed to erosion is reported from 
southeastern Colorado (pl. 4, secs. A-A' and C-C') but 
is not known elsewhere. 

Pre-Cretaceous erosion is believed to have been extensive 
and to have developed a peneplain surface on Triassic 
strata in various parts of the Southwest. The erosion sur
face between the Bissett conglomerate and rocks of the 
Comanche series (Lower and Upper Cretaceous) in Texas 
is stated by King (1931, p. 89) to be a peneplain produced 
by long-continued erosion of a stable region. In the area 
southeast of exposures of the Bissett King ( 1935, p. 1544) 
describes the pre-Cretaceous surface as formed "on the up
turned edges of various Permian and pre-Permian rocks." 
This relation is illustrated on plate 6 by localities beyond 
the boundary of Triassic deposits. Adams (1929, p. 1047) 
states that farther north in Texas "considerable parts of 
the Upper Triassic, especially at the eastern edge" were 
removed before the basal sand of the Comanche series was 
laid down and, later, in discussing structure in Pecos 
County, Adams (1940, p. 14-0) concludes that "post-Triassic, 
pre-Cretaceous erosion reduced the surface of west Texas 
to a peneplain", causing Triassic reel beds to be thinner 
over the Yates high in eastern Pecos county than elsewhere 

in the- area. In the Rio Grande valley of central New 
Mexico, rocks of the Dockum group and overlying Jurassic 
rocks are shown (New Mexico Geological Society, 1952, p. 
110) as having been truncated at a low angle and subse
quently buried by strata of the Dakota sandstone. 

Evidence of post-Cretaceous erosion is based on the as
sumption that Cretaceous rocks were once more widely 
distributed. Evidence consists of places where upper Ter
tiary deposits rest on Triassic strata, where Quaternary 
gravels cover Triassic beds, and where Recent erosion has 
formed Triassic outcrops. All three of these situations are 
recognized in Arizona, New Mexico, and Texas and in each 
place there are deep valleys and broad surfaces that have 
been cut into and through Triassic rocks (pl. 4, secs. A-A', 
B- B', D-D'). Especially noteworthy is a large westward
trending valley excavated in Triassic rocks of the Texas 
Panhandle, filled with upper Tertiary deposits and then 
partly recut by Recent erosion. 

In the southern part of west Texas a post-Triassic sur
face is involved in structural complexities. In Crane County, 
for instance, the surface is shown to bevel successively older 
Triassic and pre-Triassic units from north to south and to 
be covered by Quaternary deposits ( Scobey and others, 
1951). In the Yates field, Pecos County, it is described and 
figured by Adams (1940, fig. 3) as being wiuped and cov
ered with a "Cretaceous elastic plug" as the result of 
solution from the crest of a dome in the Castile formation 
of Permian age below, rind subsequent settling of over
lying beds. 

EASTERN COLORADO AND ADJOINING PARTS OF 
KANSAS, NEBRASKA, AKD OKLAHOMA 

By M. R. Mudge 

Units overlyinq Triassic.-In much of the area occupied 
by Triassic rocks in eastern Colorado, western Nebraska, 
southwestern Kansas, and northwestern Oklahoma, these 
rocks are overlain unconformably by the Entrada sand
stone of Jurassic age, as shown on plate 6 (McKee and 
others, 1956, pl. 5). The erosion surface at the base of the 
Jurassic system, although of moderate relief in most places, 
bevels tilted beds of Triassic age. In some localities small 
channels are discernible on this surface. 

vVhere Entrada sandstone is absent, Triassic rocks are 
overlain by younger Jurassic, Cretaceous, or Tertiary rocks. 
The Ralston Creek formation of Jurassic age rests on 
Triassic rocks in the northeastern part of southeastern 
Colorado and in the southern part of northeastern Colorado. 
Cretaceous strata overlie sandstones of Triassic age in part 
of southwestern Kansas and remnants of once more exten
sive rocks of Cretaceous age have been recognized above 
Triassic rocks in eastern Texas County, Okla. When addi
tional data are available, other remnants of Cretaceous 
rocks very likely will be recognized in this region. 

In much of northwestern Oklahoma and southwestern 
Kansas and in the southeasternmost part of Colorado, 
Tertiary strata of the Ogallala formation rest on those of 
Triassic age. These Tertiary rocks, which are of fluviatile 
origin, not only fill channels in many places, but also cover 
interchannel divides. 

In western Kebraska, Triassic rocks are everywhere over
lain by rocks of the Sundance formation (McKee and others, 
1956, pls. 2, 5). As shown by McKee and others ( 1956, 
table 2), the Entrada sandstone is considered equivalent 
to the Lak member of the Sundance formation, and the 
Ralston Creek formation is equivalent to the Redwater 
shale (uppermost) member of the Sundance. The uncon
formity between the Triassic and Jurassic systems is not 
easily discernible in this area. As in the Jurassic folio 
( McKee and others, 1956), the boundary here is picked 
on the basis of lithology, as described on page 17, columns 
2 and 3. 

WESTERN COLORADO AND UTAH 

By M. E. MacLachlan 

Units overlyinq Tria88ic.-In the southern part of west
ern Colorado and Utah ( pl. 6; table 5) the oldest rocks 
overlying the Triassic system are represented by the Kay
enta formation of Jurassic ( ? ) age. This formation under
lies the Kavajo sandstone and overlies the \Vingate sand-

stone everywhere except in southwesternmost Utah where 
it overlies the Moenave formation and, with these forma
tions, forms the Glen Canyon group. It is composed of 
alternating siltstone and claystone beds. 

In a large area of southern Utah, post-interval C rocks 
have been removed by erosion. Numerous, scattered patches 
of Triassic rocks are exposed within the area of distribution 
of the Kayenta formation. Two large areas of Permian 
rocks are exposed on the Monument upwarp (pl. 2; fig. 6). 
All Jurassic rocks have been removed from this area, but 
Triassic strata extend across the middle of the upwarp 
( pl. 5) separating the two areas of Permian strata. 

In northeastern "Ctah ( pl. 6; table 5) a thick crossbedded 
sandstone overlies Triassic rocks of interval C. The names 
Kugget sandstone and Navajo sandstone have been used 
interchangeably by various authors for this unit. Although 
this rock commonly is referred to the Navajo sandstone, it 
probably is equiYalent to all or much of the Glen Canyon 
group (p. 22, col. 4). 

The belt in north-central Utah (I) separating the north
ern area from the southern (table 5) contains types of rock 
similar to the Navajo sandstone, Kayenta formation, and 
vVingate sandstone, but these formations are indivisible 
there. 

Eastward into Colorado from eastern Utah, the Entrada 
sandstone (interval B of the Jurassic folio) overlaps the 
Glen Canyon group to overlie Triassic rocks. This overlap 
is shown on plate 6 as a belt trending northeastward into 
the State Bridge and North Park regions of northwestern 
Colorado. The eastern edge of the belt is limited by the 
present edge of Triassic rocks and not by the extent of 
the Entrada sandstone. Farther east, beyond the Triassic 
zero isopach line, the Entrada sandstone is, in turn, over
lapped by the Morrison formation of interval D of the 
Jurassic folio. 

In northern Routt County, northwestern Colorado, a 
basal Jurassic sandstone may be correlated with the Navajo 
sandstone to the west or with the Entrada sandstone to the 
south. The contact between these two formations is difficult 
to determine in the subsurface because of lithologic simi
larities, and, therefore, is not shown on this map. 

Paleotectonic implications.-No evidence of tectonic ac
tivity is recognized in the western Colorado-"Ctah region at 
the boundary currently used to separate rocks of Triassic 
and Jurassic age. Rocks of the Glen Canyon group and 
underlying Chinle formation form a continuous lithologic 
sequence. 

The first major unconformity above Triassic rocks, shown 
on the map ( pl. 6), lies at the base of the Entrada forma
tion. An outlier of Kayenta formation in southwestern 
Colorado, within the belt of Entrada sandstone, is evidence 
that the Kayenta formation once extended much farther 
east than at present. 

SOUTHEASTERN IDAHO AND WYOMING 

By S . S. Oriel 

Units overlyinq Tria8sic.- The Triassic system in south
eastern Idaho and in vVyoming is overlain by Jurassic 
rocks, successively younger from west to east, named the 
Nugget sandstone, the Gypsum Spring formation, and the 
Sundance formation (pl. 6). 

The Nugget sandstone, as discussed above, may include 
rocks of Early Jurassic (Lias) age and is assigned to inter
val A in the Jurassic folio (McKee and others, 1956, table 
2) though it may be, in part or entirely, of Triassic age. 
The Gypsum Spring formation contains fossils of Middle 
Jurassic (Bajocian and Bathonian) age and is assigned to 
Jurassic interval B. The lower part of the Sundance forma
tion, which directly overlies Triassic rocks throughout east
ern and southeastern 1'Tyoming, contains fossils o:f early 
Late Jurassic (Callovian) age, and is assigned to the upper 
part of interval B. The upper part of the Sundance forma
tion is of Late Jurassic (Oxfordian) age and is assigned 
to Jurassic interval C. 

Reds of the Gypsum Spring formation are believed to 
rest on one of the most widespread unconformities in the 
region. From central \Vyoming northward and eastward, 
they overlie successively older rocks with small angular 
discordance. The Sundance formation, on the other hand, 
overlaps the Gypsum Spring formation southward and 

rests directly on Triassic rocks in southeastern \Vyoming. 
However, the contact between the Sundance and Gypsum 
Spring formations has also been interpreted as a regional 
unconformity by Burk ( 1956, p. 29). 

Paleotectonic implications.-Regional tilting of Triassic -
strata in ·wyoming, resulting in a regional southwesterly 
dip, and truncation of rocks of early Mesozoic age, oc
curred before deposition of the Gypsum Spring formation 
(pl. 8, fig. 1; pl. 6). Precise dating of this tectonic event 
is not possible until the age ~f the Nugget sandstone has 
been determined. 

Regional tilting and beveling were followed by subsidence 
and marine invasion in western vVyoming, southeastern 
Idaho, northern w ·yoming, and Montana during Middle 
Jurassic time, and by deposition of the Gypsum Spring 
and Twin Creek formations. Further regional subsidence 
during early Late Jurassic (Callovian) time resulted in 
enlargement of the existing marine basin and in more exten
sive deposition, as represented by the lower part of the 
Sundance formation. 

MONTANA, NORTH DAKOTA, AND SOUTH DAKOTA 

By ,J. W. Goldsmith 

Units 01Jerlyinq Triassic.-Rocks of Early Triassic age 
in Montana, North Dakota, and South Dakota are overlain 
unconformably by Jurassic rocks of interval B (Middle 
Jurassic age) in ·most of that region. The rocks of Jurassic 
age, approximately equivalent, are the Sawtooth formation 
in southwestern Montana, the Piper formation in central 
and eastern Montana and North Dakota, and the Gypsum 
Spring formation in South Dakota. 

Lower Triassic rocks in Madison, Beaverhead, and Silver 
Bow Counties of southwestern Montana are overlain un
conformably by the Morrison formation of Jurassic age 
(Moritz, 1951, p. 1799, fig. 15) or rocks of ,Turassic interval 
D. Around the southern margin of this area, Triassic rocks 
are directly overlain by the Swift formation (Jurassic in
terval C) and by the Rierdon formation ( ,Turassic interval 
B). 

Triassic rocks in southwestern South Dakota, south of 
the area covered by the Gypsum Spring formation, are over
lain by sandstone of ,Turassic interval B assigned to the 
lower part of the Sundance formation. 

Paleotectonic iniplications.-In southwestern Montana, 
miogeosynclinal conditions in Early Triassic time were suc
ceeded by marine shelf conditions in Middle Jurassic time. 
Erosional truncation of uppermost Lower Triassic strata 
in the shelf areas of Montana, and North and South Dakota 
was the result of gentle post-Triassic warping. In this 
region little is known of tectonic events during :Middle and 
Late Triassic and Early Jurassic time, as rocks of these 
a_ges are absent. 

During Middle Jurassic time, the region was downwarped 
and invaded by the sea which deposited the first sediments 
younger than the Early Triassic. 

Upwarping in Madison, Beaverhead, and Silver Bow 
Counties of southwestern Montana apparently began soon 
after deposition of the Dinwoody formation in Early Trias
sic time. In Middle and most of Late Jurassic time, this 
area was locally positive. 

SPECIAL PROBLEMS 

THE OCHOA SERIES AND THE BASE OF THE 
TRIASSIC SYSTEM 

By S. S. Oriel 

A problem that has bearing on recognition of the base 
of the Triassic system is the age of the Ochoa series, cur
rently considered the uppermost series of the Permian sys
tem. The validity of much that is shown on the paleogeologic 
map, plate 2, is dependent on the interpretation of this 
problem. 

Rocks of Ochoa age have been recognized in the United 
States only in the type region in west Texas and south
eastern New Mexico and possibly in the State of \Vashing
ton (Thompson and vVheeler, 1942, p. 70))). A considerable 
portion of geologic time is presumed to be represented by 
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some 5,000 feet of evaporite and mudstone in west Texas 
assigned to the series. Yet faunal or other means for recog
nition of beds of comparable age, if such beds are present 
in other parts of the country, are not known. 

Few fossils have been found in rocks assigned to the 
Ochoa series; these are principally from the Rustler lime
stone in the upper part of the series. In the most detailed 
discussion of fossils from the Rustler limestone published 
thus far, Walter (1953, p. 679) concludes that they "sub
stantiate the Permian age of the ... formation." In con
sidering possible correlations based on the fauna, vValter 
states (1953, p. 687): "The brachiopod fauna is diagnostic 
of neither time nor facies. ·with the exception of Eu,phemites 
circumcostatus vValter ... which may be significant of the 
young age, the gastropods are not particularly diag
nostic ..." He further states that among molluscan faunas 
of the underlying Guadalupe series, those of the "'\Vhitehorse 
sandstone closely resemble species of the Rustler limestone 
of Ochoa age. 

In its type region, the Ochoa series is overlain discon
formably by rocks assigned to the Dockum group of Late 
Triassic age. Because of this gap in the record some geol
ogists (Sherlock, 1948, p. 286) have suggested that the series 
may include rocks of both Late Permian and Early Triassic 
age. 

Rocks containing fossils that are believed to be younger 
than those of Guadalupe age and older than those of earliest 
Triassic age are known in some regions of the world 
( Schenck and others, 1941, p. 2199). The B ellerophon lime
stone of the eastern Alps, the Djulfa beds in Armenia, the 
upper part of the "Productus limestone" in the Salt Range, 
Pakistan, as well as beds in Madagascar, Pamir, and Timor 
are notable examples (Sherlock, 1948, p. ;n5-319). Am
monoids, characterized by the genus Cyclobus (Miller, 1938, 
p. 1016), and varied nautiloid faunas (Miller and Young
quist, 1949, p. 12) in the Salt Range, for example, appear to 
be younger than any known from America. The rocks in 
which these fossils are found lie in a continuous stratigraphic 
sequence with overlying beds containing distinctive earliest 
Triassic fossils including Ophiceras of Otoceratan ( earliest 
Triassic) age (Schindewolf, 1953, p. 155-158, 182). Thus, al
though the rocks contain fossils younger than those of 
Guadalupe age in the United States, they lie in an unbroken 
stratigraphic sequence and they can be separated by a dis
tinctive faunal boundary from the Triassic system, according 
to Schindewolf ( 1953, p. 182). 

Implications of the Ochoa problem are by no means re
stricted areally to parts of west Texas and southeastern 
New Mexico. In various parts of the Western Interior, for 
example, rocks of Guadalupe age are overlain directly by 
rocks of Early Triassic age. Apparent absence of recog
nizable breaks in this part of the section has been discussed 
in many publications (Thomas, 1934, p. 1695; Moritz, 1951, 
p. 1785; Munyon, 1956, p. 24; Spieker, 1956, p. 1808). Thus, 
virtually continuous deposition from Permian to Triassic 
time is sucrcrested for parts of the vVestern Interior althought:,t:, 

rocks of Ochoa age are presumed absent. On the other hand, 
some geologists (Newell and Kummel, 1942, p. 938- 939) 
believe and cite physical evidence for a hiatus between 
rocks said to have a fauna of Guadalupe age and rocks con
taining fossils of Early Triassic age in the northern Rocky 
Mountain region. Therefore, no general agreement con
cerning continuity of sedimentation in this region from 
Permian to Triassic times seems possible yet. 

Data no-w available do not lead to solution of the Ochoa 
problem. Rocks of the Ochoa series may represent deposi
tion at a time when no other part of the continent was 
receiving sediments, as currently believed. On the other 
hand, rocks now assigned to this series may be contempo
raneous with rocks considered of Guadalupe age elsewhere 
on the continent, or possibly, in part, with Lower Triassic 
rocks. Solution of this problem bears directly on any Trias
sic study because in many areas, rocks now assigned to the 
Lower Triassic series are unfossiliferous and undated, yet 
are completely gradational downward into rocks considered 
to be of Guadalupe age. The problem affects units shown 
on the paleogeologic map (pl. 2), units included on the 
lithofacies map of the lowest subdivision of the Triassic 
system ( pl. 3, fig. 1), and rocks included on the summary 

map of the Triassic system ( pl. 5) . No attempt is made in 
this folio to solve the problem; currently accepted age 
designations have been used in preparing these maps. 

UPPER BOUNDARY OF INTERVAL A IN WYOMING 
AND SOUTHEA~TERN IDAHO 

By S. S. Oriel 

The boundary between intervals A and C of the Triassic 
system in Wyoming and southeastern Idaho poses a prob
lem not yet solved. Five different lithologic contacts have 
been used in as many areas to delineate this boundary. 
·whether these contacts are mutually consistent and iso
chronous has not been demonstrated. 

The five lithologic contacts that are used as the boundary 
between intervals A and C ( p. 9, col. 5) are: 

(1) The base of the Alcova limestone member of the 
Chugwater formation in central southern Wyo
mmg. 

(2) The base of the Crow Mountain sandstone member, 
where the Alcova limestone member of the Chug
water formation is absent locally in north-central 
Wyoming. 

(3) The base of the ,Jelm formation in southeastern 
Wyoming. 

(4) The base of the Gartra grit member of the Ankareh 
formation along the southern part of the Green 
River basin. 

(5) The top of the Lanes tongue of the Ankareh forma
tion in westernmost "'\Vyoming and southeastern 
Idaho. 

No break has been recognized at the base of the Alcova 
limestone member comparable to that in the Colorado 
Plateau separating the Moenkopi formation of Early and 
Middle ( ?) Triassic age from overlying rocks. On the basis 
of regional persistence of characteristic groups of "kicks" 
on electric logs, Burk (1953) concludes that the Alcova 
limestone member is absent in southeastern Wyoming be
cause of nondeposition rather than erosion. The same data, 
especially l!he lateral persistence of individual lithologic 
units also sucrcrest that no erosional break is present betweenl Ob 

the upper part of the Red Peak member and the Alcova 
limestone member of the Chugwater formation. This con
clusion is supported by the results of studies by Downs 
(1952, p. 28) and by a detailed lithologic and electric log 
stratigraphic chart prepared by ,J. D. Love (1957, plate 1) 
for the section from the '\Vind River basin to the Laramie 
basin. No evidence of erosion at the base of the J elm forma
tion (Burk, 1953, p. 31) is recognized in south-central 
Wyoming. 

The apparent absence of a significttnt unconformity be
tween the Red Peak member and the overlying Alcova lime
stone member of the Chugwater formation raises doubt as 
to whether all the Red Peak member should be assigned 
to interval A. No fossils, except footprints ( Colbert and 
Gregory, 1957, p. 1457) and a poorly preserved pelecypod, 
Monotis sp. (Kummel, 1954, p. 182), are known from the 
Red Peak member. This member overlies the Dinwoody 
formation which, in westernmost "'\Vyoming, contains dis
tinctive lowermost Triassic ammonites (Kummel, 1954, 
p. 183). The Alcova limestone member has yielded undiag
nostic marine invertebrates and Corosaurus alcovensis, a 
nothosaur that is considered, on the basis of data discussed 
below, to he of earliest Late Triassic age. Thus, the Red 
Peak member mav be of both Early and Middle Triassic 
acre· however it is here placed in interval A for the fol-

o ' ' 
lowing reasons : 

(1) The Red Peak member is correlative with the 
Woodside formation and the bulk of the Thaynes lime
stone, which contains Early Tria,gsic ammonites (Kummel, 
1954, p. 166, 183-185). 

(2) The Red Peak member is closely comparable in 
lithology and position to that part of the Moenkopi for
mation that contains Early Triassic vertebrates and in
vertebrates ( table 3). 

(3) No Middle Triassic fossils have been reported in 
the "'\Vestern Interior east of central Nevada. 

(4) The upper part of the Red Peak member, like the 
upper part of the Moenkopi formation, may be of Middle 

Triassic age, hut no lithologic boundary is now available 
to separate it from the Lower Triassic portion assigned 
to interval A. 

The relation of the central ·wyoming shelf section to the 
section of the miogeosyncline in western '\Vyoming and 
southeastern Idaho is a major problem. Precise correla
tions are not possible, principally because usable fossils 
from critical parts of the sections have not been reported. 
Approximate correlation of the Red Peak member of the 
Chugwater formation with the Woodside formation and 
the bulk of the Thaynes limestone is considered likely 
(Kummel, 1954, p. 166). The precise position of the Alcova 
limestone member in the southeastern Idaho section remains 
unknown. 

The Alcova limestone member of the Chugwater forma
tion has been assigned to the Early, the Middle, and the 
Late Triassic epochs by different geologists (Love and 
others, 1945a). It has long been regarded as an eastern 
tongue of the Thaynes limestone (Thomas, 1949, p. 21) but 
its precise correlation with this thick limestone of the 
geosynclinal section is not clear. It has, for example, ?een 
correlated tentatively with some part of the Thaynes hme
stonr~ below the Lanes tongue ( fig. 17) of the Ankareh 
formation (Kummel, 1954, p. 34). Its possible correlation 
with the topmost part of the Thaynes limestone, above the 
Lanes tongue, has also been suggested (Love, 1948, p. 99; 
Kummel, 1954, p. 166, fig. 18). More recently, Love con
cluded (in Reeside and others, 1957, p. 1482) "that the 
Alcova either is a younger limestone [than the Thaynes] 
or, less probably, intertongues with the topmost part of 
the Thaynes." 

The most promising fossil yet found in the Alcova is 
a nothosaur, described and named Corosaurus alcovens~s 
by Case (1936). Case concluded (1936, p. 35) that the speci
men did not permit an age assignment more precise than 
the Triassic period. Additional vertebrate material, includ
ing another good specimen of the same species of nothosaur, 
has been collected by Rainer Zangerl, who has also re
examined the type specimen and various related European 
forms. Zangerl states (written communication, Oct. 22, 
1956) , "Cor~saurus is the only New ·world representative 
of the Nothosauria ... ·what I presently kno.w of Coro
saurus leads to the conclusion that Coro8aurus is more 
highly aquatic than all the rest of the nothosaurs, but it 
was probably not an out and out pelagic form . . . Tenta
tively, I would say that the degree of specialization of 
Corosaurus ,vould indicate late Middle (perhaps early 
Upper) Triassic. Our collections from the Alcova, where 
quarried quite extensively, produced nothing _els_e ex~ept 
a thecodont reptile (a phytosaur, or Coelophysis-hke dmo
saur) ." 

The Thaynes limestone in the region west of that con
taining the Alcova limestone member, on the other hand, 
has vielded rich and varied ammonite faunas (Kummel, 
1954° p. 184-188). These faunas have been assigned, in 
asce~ding order, to the 11{eekoceras, Anasibirites, Tirolites , 
Columbites, and Prohungarites zones. The topmost Scythian 
(Lower Triassic) forms, or Prohunqarites fauna, !1ave ~een 
found in only two localities in the Rocky Mountam reg1011: 
in Paris Canyon west of Bear Lake, Idaho, and in Spring 
Canyon, Sublette Ridge, Wyo. (Kummel, 1954, p. 187-188). 
In both these localities the fossils were in beds strati
graphically beneath the Lanes tongue of the Ankareh for
mation (Kummel, 1954, p. 187-188, pl. 29). The age of the 
Lanes tongue and that of the partly equivalent and partly 
overlying beds assigned to the Portneuf member of the 
Thaynes limestone, therefore, remain in doubt; they may 
be ~f later Early Triassic age or, more likely, of Middle 
or even Late Triassic age. Only poorly silicified inverte
brates, mainly brachiopods and pelecypods, have been found 
in the Portneuf limestone member (Mansfield, HJ52, p. 32-
33; Kummel, 1954, p. 173, 175), so that an age assignment 
based directly on fossils is not possible now. No diagnostic 
fossils htwe been reported from Triassic rocks above the 
Portneuf limestone member. 

Strntigraphic relations based upon faunal data described 
above may be summarized as follows: (1) The Alcova lime
stone member is younger than and not correlative with any 
part of the Thaynes limestone beneath the Lanes tongue of 
the Ankareh formation. (2) If the Alcova limestone member 

is correlative with the upper part of the Portneuf limestone 
member, above the Lanes tongue, then this part of the 
Thaynes limestone must be of late Middle or early Late 
Triassic age. (3) If the Alcova limestone member is younger 
than the topmost beds of the Thaynes limestone, then no 
correlative marine limestone beds are present within the 
geosyncline in southeastern Idaho. 

The Alcova limestone member is now considered by Kum
mel to be younger than any part of the Thaynes limestone. 
He maintains (written communication, Jan. 8, 1957) that 
the upper part of the Portneuf limestone member and the 
Timothy sandstone are not of Late Triassic age for the 
following reasons: 

(1) The sequence of lithologic types above the upper 
black limestone member of the Thaynes limestone is com
pletely gradational; rocks of the Portneuf limestone mem
ber and the Timothy sandstone are gradational and com
parable; rocks beneath the Lanes tongue of the Ankareh 
are genetically related to those above it. 

(2) Poorly preserved fossils above the Lanes tongue, 
though not diagnostic as to age, are similar to those 
beneath it. 

(3) Although an undetected break in the section is 
possible, it would "... seem incredibly fortuitous to 
duplicate exactly previous facies conditions after the lapse 
of all Middle Triassic time." 

(4) "The real stratigraphic break in this sequence with 
significant unconformity is beneath the Higham grit." 

Under this interpretation, Kummel adds, the Alcova lime
stone member may represent a marine transgression from 
the north or northwest, possibly from southern British 
Columbia. 

In this folio, however, the upper boundary of interval A 
in southeastern Idaho is placed at the contact between the 
Lanes tongue of the Ankareh forrriation and overlying beds 
of the upper part of the Portneuf limestone member of the 
Thaynes limestone. The base of the Lanes tongue has not 
been used because it descends in the section when traced 
eastward (Kummel, 1954, p. 166, fig. 18). The top of the 
Lanes tongue, on the other hand, is comparable, and may 
be equivalent, to the contact between the Alcova limestone 
and Red Peak members of the Chugwater formation in 
central vVyoming. 

Thicknesses involved in the alternative views described 
above are only a small proportion of those ·of rocks in inter
val A but locally a significant proportion of interval C. 
Maximum thickness of the upper part of the Portneuf 
limestone member and the Timothy sandstone is 1,150 feet 
in westernmost southeastern Idaho. The rocks thin eastward 
to an edge in western '\Vyoming. The rocks ~re included in 
interval C in this folio, though it is possible that they 
should be added to interval A instead. 

The boundary between intervals A and C as used in this 
folio may possibly be inconsistent. In southeastern Idaho, 
rock units of known Early Triassic age are placed in in
terval A and overlying, undated rocks are assigned to 
interval C, composed largely of rocks of Late Triassic age. 
In central "'\Vyoming, on the other hand, fossiliferous units 
of Late Triassic age are placed in interval C and under
lying, undated rocks are assigned to interval A, composed 
largely of rocks of Early Triassic age. The possibility that 
rocks immediately above the Lanes tongue of the Ankareh 
formation in southeast.em Idaho, and rocks immediately 
beneath the Alcova limestone member in ,,ryoming may be 
of Middle Triassic age has by no means been eliminated. 

INTERRELATIONS OF UPPER TRIASSIC STRATI-
GRAPHIC UNITS IN TEXAS, NEW MEXICO, AND 

ARIZONA 

By E. D. McKee 

Local subdivisions of the Dockum group of Late Triassic 
age i.n the Panhandle of Texas are the Tecovas and Trujillo 
formations which consist, respectively, of shaly mudstone 
and of massive sandstone (Gould, 1907, p. 20- 29). These 
units, as indicated in figure 25, section 2, show differences 
in lithology and lose their identities southwestward in the 
subsurface tmrnrd thick sections of the basin center. Despite 
this trend, the name Tecovas has been used by some geol-
ocrists (Dicke}' 1940· DeFord and Lloyd, 1940, p. 4) 
~ . ' ' 

for mudstones below the Santa Rosa or lowest sandstone 
of the Dockum group, as far away as southeastern New 
Mexico. 

Strata included in the Tecovas formation were considered 
by Drake ( 1892) to be continuous from the Panhandle 
southward along the eastern margin of outcrop to the 
middle part of west Texas (Mitchell County). A series ~f 
measured sections ( fig. 24), however, does not support this 
contention and indicates that the Tecovas formation thins 
and wedcrest:, out a short distance south ,.of the type area. 
On the other hand, fossil vertebrates from Dickens, Crosby, 
and Howard Counties to the south are more primitive than 
those of the Trujillo formation in the Panhandle; thus a 
sequence of beds older than the Trujillo is present at the 
base of the Dockum group in Dickens, Crosby, and Howard 
Counties (Colbert and Gregory, in Reeside and others, 
1957, p. 1466). 

In Scurry County, Tex., northeast of Big Spring, a basal 
conglomerate in the Dockum group has been named the 
Camp Springs conglomerate (Beede and Christner, 1926, 
p. 16), hut is only locally distributed (figs. 24 and 25, sec
tion 3). Fossils from this unit are reported by Colbert and 
Gregory (in Reeside and others, 1957, p. 1466) to include 
a very primitive phytosaur, like some from the lower 
faunal zone in Dickens and Crosby Counties. Thus, Upper 
Triassic strata in this part of Texas probably represent 
the oldest in the Southwest and are correlative with the 
Popo Agie member of the Chugwater formation in '\Vyo
mmg. 

The Sloan Canyon formation and Sheep Pen sandstone 
(Parker, 1933, p. 40-43) overlie unnamed mudstone beds 
of Triassic acre in northeastern New Mexico and are con-n 
sidered subdivisions of the Dockum group. The Sheep Pen 
sandstone has not been recognized beyond it,g type locality 
in Union County, but the Sloan Canyon formation prob
ably is represented in nearby areas of Colorado and 
Oklahoma (p. 14, col. 4). Its relation to sections repre
sented in wells to the south is not clear. Fossil vertebrates 
indicate that it is younger than Triassic strata of the 
Panhandle to the southeast (fig. 26) and is of relatively late 
Late Triassic age ( Colbert and Gregory, in Reeside and 
others, 1957). 

The most persistent and widely recognized lithologic unit 
within the Dockum group is the Santa Rosa sandstone, first 
described from central Guadalupe County in middle eastern 
New Mexico (Darton, 1922, p. 183). It forms the lower part 
of the Triassic sequence over a wide area and is as much 
as 600 feet thick. It consists, for the most part, of medium
to coarse-grained sandstone, but includes both conglomerate 
and red shaly mudstone. It and the overlying mudstone of 
the Chinle formation as restricted by Adams (1929, p. 1052) 
are the two principal Triassic units commonly recognized 
in the subsurface across large parts of west Texas and 
eastern New Mexico .. 

The Santa Rosa sandstone, a thick but variable unit, ex
tends southward from its type locality to southeastern New 
Mexico (Bates, 1942, p. 46; Miller, 1955, p. 8). Thence it 
extends eastward, at the latitude of Midland, across west 
Texas to the eastern margin of Triassic strata ( Adams, 
1929, p. 1052; Jones, 1949) and southward to the Triassic 
margin in Crockett County (Davis and others, 1953) and 
in Pecos County (Scobey and others, 1951). Southwestward 
this sandstone probably is continuous with the Bissett con
glomerate, as indicated by proximity and similarities in 
thickness and lithology (pl. 4). Northward in west Texas 
the Santa Rosa appears to lose identity in Gaines County 
(Davis and others, 1953) and in Terry County (Scobey 
and others, 1951) . Eastward in to Texas from its type lo
cality the Santa Rosa sandstone apparently wedges out 
near the State line (pl. 4, sec. A- A'). No clear evidence is 
known to indicate a direct connection of the Santa Rosa 
with sandstone of the Trujillo formation of the Texas Pan
handle. 

Below the Santa Rosa sandstone, in southeastern New 
Mexico and adjoining parts of Texas, is a dominantly red 
shaly mudstone unit named the Pierce Canyon redbeds 
(Lang, 1935, p. 264), the age of which is controversial. 
Evidence bearing on this problem is discussed on page 
2, column 4. Irrespective of age, however, the Pierce Canyon 
red beds as shown by a series of subsurface sections ( sum
marized in fig. 25), have no direct conneetion with the 
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Tecovas formation of the Texas Panhandle, although this 
correlation has been suggested by some geologists (Bates, 
1942, p. 46). 

The name Redonda has been applied to the upper of two 
members of the Chinie formation in Quay County, middle 
eastern New Mexico (Dobrovolny, Summerson, and Bates, 
1945). This member consists of variegated shaly mudstone, 
sandstone, and argillaceous limestone and is separated from 
the underlying unnamed member largely by the presence 
of limestone. The Redonda member has a very local distribu
tion ( fig. 25, section 5). It has a maximum thickness of 
425 feet but thins to a small fraction of this amount 10 to 
20 miles to the east, north, and west, largely as a result 
of pre-Jurassic erosion. Ko data are available on southward 
trends. The chief significance of this unit is that it contains 
a highly advanced form of phytosaur, similar to that in the 
Sloan Canyon formation to the north and in the Rock 
Point member of the Wingate sandstone of northwestern 
New Mexico (Colbert and Gregory, in Reeside and others, 
1957, table 3). This dates the unit relatively late i1r the 
Late Triassic. 

In north-central New Mexico the term Dockum group is 
not generally used for Upper Triassic strata; the name 
Chinle formation is used there for all rocks of the Triassic 
system. Various units within it are referred to as members. 
The lower three, of £our members, are named Agua Zarca 
sandstone member, the Salitral shale tongue, and the Poleo 
sandstone lentil (Wood and Korthrop, 1946); the upper
most is unnamed. The two sandstones are conglomeratic, 
poorly sorted, and of limited distribution. The Agua Zarca 
sandstone member thins greatly northward toward Cuba in 
the N acimiento region; the Poleo sandstone lentil thins 
southward in the same area and is absent south of Cuba. 
Where the Poleo sandstone lentil is absent, the Salitral 
shale tongue is said to be inseparable from the upper shale 
unit (Wood and Northrop, 1946). 

The Agua Zarca sandstone member with its conglomerate 
beds at the north end of the K acimiento Mountains appar
ently was derived from a source area to the north composed 
of coarse-grained igneous rock and much quartzite, as shown 
by studies of cross-strata orientation and of gravel com
position (F. G. Poole, written communication, 1957). Nu
merous boulders as much as a foot in maximum diameter 
suggest that the source was nearby. 

Basal sandstone and conglomerate lenses in the southern 
Nacimiento Mountains, in contrast to those farther north 
but also assigned to the Agua Zarca sandstone member, 
indicate ( on the basis of cross-strata orientation) a source 
to the south, according to F. G. Poole (written communi
cation, 1957). A southerly source suggests that these rocks 
may be continuous with a basal sandstone and conglomerate 
unit known from well logs in the area 40 to 50 miles farther 
southwest (McKinley County, stations 107, 139, pl. 1) and 
with coarse sandstone prominent in a section (pl. 4, sec. 
B-B') still farther south. Moreover, the lower part of a 
thick conglomeratic sandstone unit, described by Smith 
( 1954, p. 9) as the lower member of the Chinle formation in 
Thoreau quadrangle, McKinley County, may also be as
signed to this unit. 

Limited analyses by Poole (-written communication, 1957) 
of cross-strata in the fine- to medium-grained Poleo sand
stone lentil of the Nacimiento Moun tains indicate-that the 
sediment was derived from the south. This direction of 
movement is opposite to that indicated by the northerly 
distribution and northward thickening of the same unit as 
described by Wood and N"orthrop (1946). 

The name Correo sandstone member has been applied 
to an upper member of the Chinle formation in the Sierra 
Lucero area of west-central New Mexico (Kelley and ·wood, 
1946). It is slightly more than 100 feet thick and its known 
distribution is very local. 

The basal Upper Triassic sandstone in west-central New 
Mexico has been ealled the Shinarump member of the Chinle 
formation, but as stated by Kelley and "\Vood ( 1946), it 
"more nearly resembles . . . Santa Rosa sandstone east of 
the Rio Grande valley." This view is strongly supported 
by data shown in section B-B' (pl. 4), which indicate that 
the Shinarump member wedges out eastward near the Ari
zona-New Mexico line, but that the Santa Rosa sandstone 
is thick and well developed in the nearest exposures to the 
east. Possibly the Agua Zarca sandstone member of the 

Chinle, discussed above, is continuous with the Santa Rosa 
sandstone, but sufficient data are not available to prove 
continuity. 

Almost everywhere in northern Arizona the Shinarump, 
formerly classified as a formation but now considered a 
member of the Chinle formation, constitutes the lowest 
unit of Late Triassic age. Exceptions are in scattered small 
areas where hills on the underlying surface of the Moen
kopi formation project through the Shinarump member 
which was deposited around them. The Shinarump member 
extends a short distance into New Mexico as the eastward
extending margin of a very broad blanket deposit (pl. 4, 
sec. B- B'). Its thickness ranges locally from a few feet 
to 150 feet as a result of the irregular surface on which 
it was deposited. The member consists mainly of sandstone 
and conglomerate. The coarsest and most abundant gravels 
are along the southern part of the Arizona region of dis
tribution, whereas the unit consists mostly of sandstone 
to the north near the southeastern Utah border (McKee, 
Evensen, and Grundy, 1953, p. 11). 

Above the Shinarump member of the Chinle formation 
are the unnamed lower member, the Petrified Forest mem
ber, and the Owl Rock member, representing essentially 
members D, C, and B in Gregory's original description of 
the Chinle formation (Gregory, 1917, p. 42-43). The lower 
member of the Chinle represents a lithologic transition up
·ward from sandstone and conglomerate to mudstone and 
marl. The Petrified Forest member is dominantly mudstone 
but ineludes, in the middle, prominent sandstone strata re
ferred to as the Sonsela sandstone bed. The Owl Rock 
member is also dominantly mudstone, but contains numer
ous thin limestone beds. These members are recognized 
through most of nort.hern Arizona and extreme western 
New Mexico. 

Conformably above the Chinle formation in most of north
ern Arizona and western Utah are thick sandstone and red 
mudstone deposits that constitute the "Wingate sandstone 
in the east and the Moenave formation in the west (pl. 8, 
figs. 5 and 6; table 1). These formations are the youngest 
recognized in the region as of probable Triassic age and 
they form a continuous sequence (the Glen Canyon group) 
upward with beds of the Kayenta formation of Early Juras
sic(?) age and the Navajo sandstone, currently classified as 
,Turassic and ,Turassic (?) in age. Fossil vertebrates from 
the Moenave formation establish its late Late Triassic age 
(Colbert and Gregory, in Reeside and others, 1957, p. 1466); 
paleontological evidence indicates that a part of the over
lying formations also may be of Triassic age (Harshbarger, 
Repenning, and Irwin, 1957, p. 25-32), but the boundary 
between the Triassic and Jurassic systems at present is not 
definitely established and not known in terms of lithologic 
boundaries. 

STRATIGRAPHIC PROBLEMS OF THE WINGATE 
SANDSTONE, MOENAVE FORMATION, AND 

RELATED UNITS 

By E . D. McKee and M. E.11acLachlan 

The "\Vingate sandstone and Moenave formation of the 
Glen Canyon group conformably overlie the Chinle forma
tion of Late Triassic age through a large part of northern 
Arizona, southern Utah, and adjoining areas. The "'iVingate 
is considered to be of Triassic age and the Moenave is con
sidered of Triassic(?) age (Harshbarger, Repenning, and 
Irwin, 1957, p. 32). The relations of one formation to the 
other have not been wel1 understood, however, for in only 
a few localities along a narrow north-south belt in Arizona 
have they been observed in the same sections. In these the 
Moenave formation overlies the "Wingate sandstone. East of 
this belt the "'iVingate sandstone alone is present; westward, 
the Moenave alone. 

Isopach maps prepared separately for each of two mem
bers into which the "'iVingate sa11dstone is divided in Arizona 
and New Mexico and for the Moenave formation (pl. 8, figs. 
4- 6) clarify the relations among these several units. In 
northwestern New Mexico near the Four Corners area and 
in northeastern Arizona, the upper or Lukachukai member 
of the Wingate sandstone, which is massive, highly cross
stratified and believed to be largely of eolian origin, rests 
upon the Rock Point member, which is largely flat bedded 
and considered of fluviatile and lacustrine origin. On figure 
5 of plate 8, isopach lines south and east of the Four Corners 

area show a projection of moderately thick rock represent
ing the Lukachukai member alone, and on figure 4 of plate 
8, areas both east and west of this area contain rocks of 
the Rock Point member. The presence of moderately thick 
Rock Point member (pl. 8, fig. 4) on each side of an area 
in which the Rock Point is absent but the Lukachukai 
member is moderately thick (pl. 8, fig. 5) suggests that the 
members may be two adjacent facies of at least partly con
temporaneous age in that part of New Mexico. 

In Utah the Wingttte sandstone is represented by the 
Lukachukai member only. In this area, however, the Church 
Rock member of the Chinle formation may be equivalent 
to the Rock Point member of the "Wingate sandstone, as 
indicated by similarities in lithologic character and strati
graphic position. The Church Rock member is apparently 
continuous as far north as the southern flank of the Uinta 
Mountains, as far northeast as the State Bridge area in 
northwestern Colorado, and probably as far southeast as 
Ouray, Colo. The Church Rock member of the Chinle for
mation, therefore, is both persistent and distinctive through
out a wide area ,Yhere the Rock point member of the 
·wingate sandstone is absent. 

Comparison of isopach maps of the Lukachukai member 
of the Wingate sandstone ( pl. 8, fig. 5) and the Moen ave 
formation ( pl. 8, fig. 6) indicates that very little overlap 
occurs between these formations but that t-lrny represent rock 
units of nearly equal thickness occupying adjoining areas in 
northern Arizona and southern Utah. The inference is made, 
therefore, that the Lukachukai member of the "\Vingate 
sandstone, considered of eolian origin, and the Moenave 
formation, believed to be deposited in a fresh-water environ
ment, represent contrasting environments that are essen
tially contemporaneous. 

In preparing the isopach maps described above, no at
tempt was made to differentiate between two members of 
the Moenave :formation-the Springdale sandstone member 
above and the Dinosaur Canyon sandstone member below. 
That the Springdale sandstone member may tongue into the 
Kayenta formation and thus be younger than the "'iVingate 
sandstone has been suggested by R. F. Wilson ( oral com
munication, 1957) on the basis of observations in northern 
Arizona. If this relation proves tenable, then the Dinosaur 
Canyon sandstone member alone is equal to the upper mem
ber of the vVingate sandstone. 

THE GLEN CANYON GROUP OF EAST-CENTRAL 
UTAH AND WESTERN COLORADO 

By M. K MacLachlan 

The boundary between the Triassic and ,Turassic systems 
as used for the Colorado Plateau in the Jurassic folio and 
also in this folio is placed between the Kayenta formation 
and "\Vingate sandstone of the Glen Canyon group. In north
ern Utah a thick sequence of sandstone has been con
sidered by various geologists (for example, Huddle, Mapel, 
and McCann, 1951) to be Navajo sandstone because of litho
logic and structural similarity and because of comparable 
stratigraphic position to the Navajo sandstone in southern 
Utah. Based on th,is assumption, both the Kayenta forma
tion and "Wingate sandstone (Lukachukai member only) are 
considered to be absent in northern Utah. 

Lower boundary of the Olen Canyon group.-The "'iVin
gate sandstone of Utah and western Colorado, the lowest 
formation in the Glen Canyon group, is underlain by a 
reddish siltstone unit called the Church Rock member of 
the Chinle formation. This member is persistent and rela
tively uniform in lithology from the southern border of 
Utah north to the Uinta Mountains and eastward into west
ern Colorado. 

Upper boundary of the men Canyon group.-The Navajo 
sandstone, the highest formation in the Glen Canyon group, 
is overlain by the Carmel formation in Utah and in ex
treme western Colorado. Eastward from the edge of the 
Carmel formation, the Glen Canyon group is overlain by 
the Entrada sandstone. The Navajo-Entrada boundary is 
difficult to recognize in many outcrops because both com
monly show large-scale cross-lamination and are uniformly 
fine grained. In the subsurface, as in northwestern Colorado, 
differentiation is even more difficult and the upper boundary 
of the Glen Canyon group cannot be determined satisfac
torily at the present time. 

The Glen Canyon group.-The Glen Canyon group in 

central and southern Utah is composed of three formations 
-in ascending order, the Wingate sandstone, Kayenta for
mation, and Navajo sandstone. Both the Wingate and 
Navajo sandstones are cross-stratified on a large scale and 
are believed to be mostly eolian. The Kayenta formation is 
primarily a fluviatile deposit composed of mudstone and 
siltstone. The Kayenta formation-Xavajo sandstone contact 
is gradational at many localities (Hunt and others, 1953, 
p. 61), and the Wingate sandstone-Kayenta formation con
tact shows interfingering (Holmes, unpub. measured sec
tion, 1949). As a result, the "\Vingate sandstone and Kayenta 
formation are reported (Holmes, 1956, p. 36; Stokes and 
Holmes, 1954, p. 36, fig. 2) to pinch out south of the Uinta 
Basin in northeastern Utah so that only the Navajo sand
stone is represented in outcrops on the south flank of the 
Uinta Mountains. 

Where the Kayenta formation and the Navajo sandstone 
are combined on an isopach map (McKee and others, 1956, 
pl. 4), two prominent lobes are formed in central Utah. One 
lobe trends southeast and the other northeast. An isopach 
map of the combined Chinle formation and ,vingate sand
stone of interval C (pl. 4), moreover, illustrates two diver
gent isopach trends apparent in north-central Utah. Thus, 
the Navajo sandstone in northern Utah seems to include 
rocks equivalent to the "'iVingate sandstone as well as the 
Kayenta formation and Navajo sandstone (fig. 29). 

At the northernmost stations ( pl. 1, sta. 141, 171) in 
southern Carbon County, Utah, and in Mesa County, Colo. 
(sta. 625) the ,vingate sandstone is not as thin as would 
be supposed if this formation pinched out northward (fig. 
29). It varies little between 350 and 400 feet in thickness 
(pl. 8, fig. 5), and overlying formations of the Glen Canyon 
group are recognizable. If these thicknesses are added to 
the thickness of oYerlying units in the group (McKee and 
others, 1956, pl. 4) the two lobes cease to be prominent. 

The thickness of the Kayenta formation is variable at 
the southern edge of the Uinta Basin. At stations ·where the 
Kayenta is thick, the Navajo sandstone above and the "'iVin
ga.te sandstone below are thin (fig. 29, sta. 14-5, 409). North 
and east (fig. 29, sta. 148) the Kayenta formation is miss
ing and only fine, even-grained sandstone is present. Vari
ance in thickness of the Kayenta formation probably is at
tributable to the relative positions of alluvial channel de
posits of streams draining westward off the central Colorado 
highland. 

Conclusions.-Subsurface data that have become available 
since completion of the .Jurassic folio suggest that none of 
the three formations that comprise the Glen Canyon group 
pinch out in northeasJ-ern Utah, as commonly surmised, but 
interfinger to form a common type of lithology. The conclu
sions of this study are that ( 1) the three formations of 
the Glen Canyon group are recognized as far north in Utah 
as Carbon County, (2) the Kayenta formation as a dis
tinctive lithologic type cannot be recognized north of sta
tions 409 and 14-7 ( fig. 21), ( 3) sandstone representing the 
Glen Canyon group undifferentiated thins beneath the Uinta 
Basin ( fig. 29, sta. 250 and 148), but thickens again north
ward ( fig. 29, sta. 59), ( 4) sandstone along the southern flank 
of the Uinta Mountains (fig. 29, sta. 170, 59, 221, etc.) is 
apparently equivalent to all three formations at the south
ern edge of the Uinta Basin, and ( 5) a boundary between 
interval C of the Triassic system and interval A of the 
Jurassic system, based on formation contacts, cannot be the 
same in northern Utah as farther south because the base 
of the Navajo sandstone is at different stratigraphic hori
zons in these two areas. 

PROBLEMS OF THE NUGGET SANDSTONE 

By S. S. Oriel 
The Nugget sandstone of southwestern Wyoming, south

eastern Idaho, and northern Utah poses many difficult strati
graphic problems which bear on a study of the Triassic sys
tem in this region. Neither the age of the Nugget sandstone 
nor its precise relation to the Glen Canyon group of Utah 
and Arizona is known. Both the definition of the formation 
and the position of its basal contact are subject to disagree
ment. Despite these problems, a base of the Nugget sand
stone has been selected and is used in this folio as the most 
practical upper boundary available for interval C and the 
Triassic system. 

Definitions of the Nugget sandstone.-Early definitions 

of the formation are responsible, in part, for present strati
graphic problems. The name Nugget sandstone was proposed 
by Veatch in 1907 (p. 56) for "... yellow, pink, and red 
sandstones, bounded belmY by the gray fossiliferous lime
stones of the Thaynes formation and above by the dark
colored fossiliferous shales and limestones of the Twin Creek 
formation ..." in southwestern ,vyoming. Veatch divided 
the formation, informally, into "... a lower, brightly col
ored red-bed member, 600 feet thick, and an upper light
colored sandstone member." No type section was designated 
and the type area is complexly deformed. 

The name Ankareh formation, as originally defined by 
Boutwell ( 1907, p. 452), was used for the red beds and 
sandstone above the Thaynes limestone in the Park City dis
trict, Utah, and was synonymous with the Kugget sandstone 
of Veatch. The highest part of the Ankareh formation, 
according to Boutwell's description, is "... marked by a 
prominent massive, white sandstone member." 

First use of both names in a single publication was by 
Gale and Richards in 1910, when the Ankareh was assigned 
a Triassic age and the Nugget sttndstone an Early Jurassic 
or Triassic aire. The Ankareh formation in the Montpelier 
district, Idal{o, was limited by Gale and Richards (1910, 
p. 480) to the red beds between ". . . the more prominent 
part of the Thaynes limestone" below and a limestone or 
calcareous mudstone at the top. The overlying Nugget sand
stone was described as consisting locally of a basal white, 
conglomeratic sandstone, red sandy mudstone, and massive 
sandstone. As interpreted from their description, the name 
Ankareh formation ,vas restricted by Gale and Richards 
to red beds of the Lanes tongue of the Ankareh formation 
( table 1) and they included in this formation the overlying 
Portneuf member of the Thaynes limestone. The Nugget 
sandstone as recognized by these men, therefore, included 
rocks now assigned by Kummel (1954, pl. 39) to the Timothy 
sandstone, Higham grit, vVood shale tongue of the Ankareh 
formation, and the Nugget sandstone ( table 1). 

The name Nugget sandstone was restricted in Boutwell's 
publication on the Park City district (1912, p. 58-59) to 
the upper white sandstone member of Veatch (1907, p. 56) 
and of Bouhvell ( 1907, p. 453), and the name Ankareh was 
restricted to the red beds below. Boutwell's selection of a 
base for the Nugget sandstone may correspond with that 
now accepted by most geologists, but Kummel ( 1954, p. 179) 
and Thomas and Krueger ( 1946, p. 1260) interpret his con
tact as the base of the Gartra grit member. The earliest pub
lications in which the name Nugget sandstone is restricted 
clearly to those beds now assigned by common usage to 
the formation, are by Schultz (1914, p. 49) and Mansfield 
( 1920, p. 61- 62). 

Current usage of Nugget sandstone.-The name Nugget 
sandstone has been widely extended areally since the time 
of Mansfield's redefinition, and many different rock types 
have been assigned to it. The only common feature in all 
rocks assigned to the formation is a preponderance of 
detrital quartz of sand size. In southeastern Idaho, the 
name is applied mainly to even-bedded, reddish, quartzitic 
s11ndstone that includes beds of red sandy mudstone and, 
locally, an upper unit composed of several hundred feet 
of white and yellow sandstone (Mansfield, 1927, p. 96). 
In southwestern ,vyoming at the type area, the Nugget sand
stone consists of buff to pinkish-tan, moderately well bedded 
and crossbedded to massive, fine- to medium-grained, quart
zitic and calcareous sandstone; the lower part of the unit 
includes a few red sandstone beds, whereas the underlying 
Ankareh formation includes some tan quartzite beds in red 
sandstone. In northeastern Utah, the names Nugget sand
stone and Navajo sandstone have both been applied to a 
massive quartzite with large-scale crossbedding in the Salt 
Lake City vicinity and to light-gray to buff, fine- to me
dium-grained sandstone with large-scale crossbedding east
ward in the Uinta Mountain region (Kinney, 1955, p. 73-74). 
In central vVyoming, the name Kugget has been applied to 
an assemblao-e of rocks that includes thick-bedded red to

b 

o-ray partlv crossbedded sandstone, thin-bedded red mud-,.., ' . 
~tone, sandy mudstone, and muddy sandstone, and in a few 
places, cherty limestone (Love and others, 1945b). 

Attempts to distinguish between at least two rock types 
commonly referred to the N"ugget sandstone are now made 
by some geologists (Anderman, 1956, p. 58). The name ~u~
get sandstone is applied only to the dominantly quartz1tic, 
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buff, even-, well-bedded to locally crossbedded sandstones parently identified by himself, Matthews assigns an Early Jurassic strata; and (3) the unconformity between the Nug mentation is evident in western United States. Thicknesses of Early Triassic time but eventually was buried by sedi
in westernmost vVyoming and southeastern Idaho; these or Middle Jurassic age to the Nugget sandstone. However, get sandstone and the Gypsum Spring formation is wide of rocks of interval A in southern Idaho and northern Utah ments of that age is the Black Hills of South Dakota, re
sandstones are believed to have been deposited in water. The as defined by him, the Nugget included the Gartra grit mem spread and easily recognized, and therefore would serve as exceed 5,000 feet; in southern California they are at least ferred to as a platform because it sank Jess than surrounding 
name Navajo, however, is applied to the yellow to tan, ber and overlying Stanaker member of the Ankareh forma a systemic break. Opposed to this view are ( 1) the growing 4,000 and possibly as much as 8,000 feet. Thus, the axis of areas. 
calcareous, massive sandstones with large-scale crossbedding tion (Kummel, 1954, p. 179). The reported horizon of the body of evidence that systemic boundaries, first defined in the geosyncline at this time is defined in a general way by SOURCE AREAS 
in the Uinta Mountain region; these sediments are inter fossils, therefore, probably lies beneath the Nugget sand Europe, are not marked everywhere by abrupt changes in these points of maximum thickness. Although the abrupt 

Arrows along margins of the Early Triassic region ofpreted as of eolian origin. Use of the name Navajo, how stone as here recognized and within the Gartra grit mem lithology or by unconformities (Spieker, 1956) ; and (2) thinning of rocks of interval A in Idaho, shown by curving 
deposition, as shown on plate 9, figure 1, illustrate directions 

ever, is open to question, for the precise relation of the ber. The inferred Early or Middle Jurassic age is consid the approximate contemporaneity of the Nugget sandstone isopach lines on plate 3, figure 1, may be partly the result 
of transport of detritus from probable source areas. These

sandstone body in northern Utah to that at the type section ered highly dubious by Thomas and Krueger (1946, p. and the Glen Canyon group. of post-Triassic deformation and erosion, it strongly sug
directions are determined primarily from trends in coarse

hundreds of miles away, in northeastern Arizona, is still 1275), who find that the single reported fossil is not in Available evidence suggests, in the writer's opinion, that gests a termination of the geosyncline in that region and is 
ness within Lower Triassic strata and, in a few places, by

unknown (p. 22, cols. 3--4). accord with ages based upon regional correlations. the boundary between the Triassic and Jurassic systems in interpreted as such. 
distinctive mineral suites ,or other types of evidence. }'rends

The name Nugget sandstone has been applied erroneously Relation of the Nugget sandstone to the Glen Canyon southwestern "\V-yoming lies within the Nugget sandstone. Evidence that a miogeosyncline rather than a eugeosyn
involve the relative amounts of fine sandstone, siltstone, and 

to the basal sandstone of the Sundance formation in the group.-Consideration of regional stratigraphic relations Because of this, and because no lithologic basis for subdivi cline is represented by the belt of thick Lower Triassic rocks 
claystone. vVith the single important exception cited above,

Glendo area of central eastern Wyoming, according to Love does not provide a precise means of dating rocks, but it sion of the Nugget sandstone is presently available, the for in western United States consists, in part, of the rock types nowhere in the region do these rocks contain appreciable
and others (194-9) ; to the Trouble,wme Creelc member of the offers clues. The problem of the Nugget sandstone is in mation is tentatively retained in interval A of the Jurassic that are dominant. Limestone is the main constituent though 

amounts of coarse sand or gravel.
Jelm formation in south-central "\V-yoming, according to timately related to that of the Glen Canyon group in the system (McKee and others, 1956) rather than moved to much mudstone is present in thick sections of southern Idaho 

In eastern Colorado, Lower Triassic detrital rocks areHubbell (1956); and to the Entrada sandstone in north Colorado Plateau, for the Nugget sandstone apparently interval C of the Triassic system. and northern Utah. Limestone is also the chief constituent 
composed mainly of mudstone and siltstone with minor

central Colorado, according to Baker, Dane, and Reeside merges southwestward into rocks of that group. The Glen The base of the ~ugget sandstone is used as the upper in southern California and in many Nevada sections. These 
amounts of fine-grained sandstone indicating a probable

( 1936, pl. 2). Canyon group includes, in ascending order, the vVingate boundary of interval C in this folio. Available evidence rocks are lithologically similar to and continuous with thin 
source among Permian strata of similar type in eastern

Base of the Nugget sandstone.-The base of the Nugget sandstone and the Moenave formation, the Kayenta fonna indicates that the contact rises in the section southeastward units within the much thinner sequences of the shelf area 
C-olora.do and western Kansas. Partial erosion of these Perm

sandstone has been interpreted as a sharp lithologic break, tion, and the Navajo sandstone. The Nugget sandstone has from the vVind River Basin in "\V-yoming and that it is not to the east. Volcanic rock, gray,vacke, and bedded, chert, on 
ian rocks before Late Triassic time supports the belief. 

a datum useful in the preparation of structural maps. In long been considered a"... direct equivalent of the Navajo a smooth surface. Intertonguing relations, shown diagram the other hand, are not extensively represented. The only 
Furthermore, the general absence of coarse-grained, mica

the type area, as ,vell as in many other places, however, ver sandstone" (Baker, Dane, and Reeside, 1936, p. 3) of north matically in figure 31, illustrate the problem of recognizing part of the geosyncline to which extensive volcanic rocks 
ceous and arkosic sandstone in the Lower Triassic rocks of

tical changes indicated by differences in grain size do not eastern Arizona and southeastern Utah. However, recent B (' E are attributed (station 136 in southern California, pl. 1) is
NW A D SE 

W11te to tan sa ndstone wii:7 thin re c mud stone la~·ers 
I

(Nugget sandstone) 

this area indicates that neither Precambrian crystalline rocksquestionably dated.coincide with changes in color. Thus, the problem arises stratigraphic studies of the units in eastern Utah and west
nor the flanking, coarse-grained Pennsylvanian arkoses ofBroad features of the geosyncline are reasonably apparentas to whether the base of the ~ugget sandstone should be ern Colorado, summarized above ( fig. 29) , suggest that the 
the Wet Mountain positive element to the southwest werebut many details are not. Through much of Nevada andplaced at the surface marked by upward change from red relations are more complex. The Kugget sandstone of vVyo
important contributors.California, :for example, the present position of Lowerbeds to light-colored sandstone or at the change from ming and the Kavajo sandstone of the Uinta Mountains in 

In northern Arizona, evidence similar to that in eastern
mudstone to sandstone. Utah are believed by the writer to grade into and inter Triassic rocks differs from the position of deposition, for 

Colorado applies to the Lower Triassic strata. The stratathese rocks have been moved by large-scale, post-TriassicAge of the Nugget sandstone.-A recent reevaluation of tongue with most, if not all, of the Glen Canyon group to the 
received no notable amounts of detrital material from Prethrusting. Furthermore, because the direction and magnithe stratigraphic relations of the lower part of the Nugget south. Evidence for this interpretation is discussed on page 
cambrian rocks of the Defiance and Zuni positive elements, tude of thrusting is unknown in most areas, restoration ofsandstone was made by Hubbell (1954). He cites data (1954, 22, columns 3 and 4. Part of the Nugget sandstone may 
except locally, but were merely deposited against those rocks. original positions is not attempted. Rock thicknesses as used,p. 27) to support his conclusion that the lower part of the possibly be as old as parts of the Chinle formation beneath 
Most of the sediment was derived from Permian strata inhowever, are believed to be conservative figures.~ugget sandstone in central ·wyoming intertongues east the Glen Canyon group, as indicated on table 6, but no proof 
slightly elevated areas farther east, transported and deA connection between the geosyncline and the ocean basinward a,nd southeastward with red beds of the Popo Agie is available. 
posited by streams in the wide valleys between the positiveis inferred across the area of south-cenfral California. Thismember of the Chugwater formation. On the basis of this 
elements. A few beds of fine gravel near Sycamore CanyonTABu: 6. 8tratigraphic relations and ages of the Nugget sandstone inference is based partly on the southwestward trend of thework, the Nugget sandstone is assigned to the Triassic sys
on the southern margin of Lower Triassic outcrops suggest in Wyoming and the Glen Oa.n11on group in the Oolora·do Plateau. geosynclinal axis and partly on the considerable thicknesstem in a correlation chart by Shaw and McGrew (1955). 
a possible source area to the south, but evidence that thisof rocks, composed largely of marine limestone, in sectionsSubsequent., independent stratigraphic cross sections pre Stratigraphic unitsGeologic Ages ofStratigraphic units area furnished extensive contributions is lacking. Wyomingfossil horizonColorado Plateau of southern California within a few hundred miles of the 

interpretation. These recent studies make necessary a recon
pared by Gudim (1956) and Love (1957) confirm Hubbell's 

F- 1-- Middle Middle Jurassic present continental shelf. INFERRED MARGINS OF DEPOSITIONGypsum Spring formationCarmel formation 
FIGURE :n. Section il1ustrating problem of determining interval Ea8tern shelf.-During Early Triassic time a wide shelfi,;arly Middle Jurassic - -Fsideration of the age of the units involved. 

boundary between two intertonguing lithologic units. Lines A, B, Northeastern margin.-From the Canadian border southextended from the miogeosyncline eastward across vVyoThe inferred Early ,Turassic age of the Nugget sandstone ? C, D, and E represent individual surface sections or well sections. ward to the middle of eastern Colorado the original limitming, Utah, Colorado, and northern Arizona, as amplyhas been based principally on stratigraphic position. This Navajo sandstone Arrows indicate boundaries chosen in sections A, B, D , and E; of Lower Triassic strata is believed to have been 30 to 80documented by thickness trends and distribution of rocksandstone is overlain by the Twin Creek limestone in south boundary C'hosen for section C will not agree with that of ~.n 
miles east of the present eastern limit. This interpretationadjacent section. types (pl. 3, fig. 1; pl. 9, fig. 1). These rocks form a wedge,eastern Idaho and by the Gypsum Spring formation in I ~--,____ is based on evidence that Lower Triassic strata in this areaa thousand or more feet thick, along the western part of theF- - Jura.5sic, 'l'ria.-;sic or bothCWyoming, both of which contain early Middle ,Jurassic 

0 Kayenta formation>, 
C the contact consistently in adjoining sections. In sections A shelf, thinning very gradually to the eastern edge. In gen once were considerably thicker than now. In northeastern-(Bajocian) fossils (Imlay, 1952, p. 965-967). Along the 

and E, for example, the lithologic contacts are clearcut, m9st vVyoming, for example, some sections nearly 700 feeteral, the rocks consist of alternating marine and continentalnortheastern flank of the vVind River Mountains, in the i~ although they are not equivalent in age. The contact in sec thick are surrounded by much thinner sections that containstrata formed during recurrent advances and retreats of 
tion B agrees with that in A; and that in D, with E. What units correlative with only the lower part of more complete

vicinity of Lander, the Nugget sandstone overlies the Popo 
the sea across the shelf. Sections of rocks of interval A in 

ever contact is chosen in section C, however, will disagree sections. Thus, the thin sections are believed to have had
Agie member of the Chugwater formation, which contains \Vingate sandstone Nugget sandstone 

the west, therefore, contain relatively high proportions of 
with that of an adjoining section. For this reason, the top several hundred feet of rock eroded from their upper sur

vertebrates (Mehl, Hl28), plants, and Unio shells (Berry, 
limestone and much mU:dstone, but little or no sandstone;1924), all considered of Late Triassic age. 

C of interval C has not been recognized consistently every faces. In northeastern Colorado, moreover, Lower Triassics_> in the east they contain mainly mudstone and some sand.~A recent restudy of the vertebrates leads Colbert and 
where in the preparation of plate 4. rocks terminate at their margins as a result of eastward"' F-- Late Triassic stone, but very little limestone. In very few parts of theEGregory (in Reeside and others, 1957, p. 1462) and Col

-2 beveling by erosion before Late Jurassic time. In that areaw shelf, however, are rocks of this age coarse grained, doubtbert (1957, p. 92) to conclude that, on the basis of both -a 
INTERPRETIVE MAP-INTERVAL less because surrounding terrain was not elevated except as much as 200 feet of strata are believed to have beenmetoposaurs and phytosaurs, the Popo Agie is of Keuper Shinarump member '-'

:.a 
I " ·~ locally. removed from an inferred original thickness of as much as(Late Triassic) age. On the basis of the primitive features A (PL. 9, FIG. 1)j Transgression of the sea across the shelf from the geo 800 feet.of the phytosaurs, they further state, ". . . there may be 

~FEarly Late Triassic -' STRUCTURAL FRAMEWORK syncline and subsequent regressions, as dated by marine The Las Animas arch in central eastern Colorado is be~some justification for supposing that the Popo Agie beds Popo Agie member " fossils, began much earlier in "\Vyoming than farther southare of early Keuper age, comparable in this respect to the "" The interpretive map of rocks of interval A (pl. 9, fig. 1) lieved to have been a positive element during deposition of-" 
~ 

(.)
Lale Middle or in southern Utah and Arizona. In each part of the shelf,1-F Alcova limestone member lower portion of the Dockum and definitely earlier than is a reconstructed isopach map, based on present lithofacies Lower Triassic rocks and to have limited their eastward 

the typical Chin le of Arizona and New Mexico:' ( fig. 26). 
early Late Triassic -

however, the earliest invasion, as represented by the lowest
F indicates horizons from which fossils have been described and isopach trends, of those sedimei{ts believed to have been distribution at that time. The Black Hills area of South 

eastward-extending limestone tongue, was the most extenOnly the lower part of the Popo Agie memher of the deposited during Early Triassic time. It also illustrates the Dakota also sank less than adjacent areas, as indicated by
sive and later invasions were progressively smaller. In conChugwater formation is dated. The red beds that inter structural framework that controlled areas of deposition a relatively thin section.The boundary between the Triassic and Jurassic systems sequence, the proportion of rocks of continental origin istongue with the Nugget sandstone to the southeast are and sources of sediment during that time. Most striking Central Colorado margin.-In central Colorado the origin the Colorado Plateau probably lies within the Glen Can greater in upper parts of the section through most of thestratigraphically higher and undated. Thus, only inferences features of this map are (1) a northeast-trending miogeosyn inal margin of Lower Triassic deposits apparently extendedyon group, judging from data summarized on figure 29 and shelf area, reflecting progressive regression with minor flucmay be made concerning the age of the Nugget sandstone cline extending from south-central California to southern from east to west most of the distance across the State alongtable 6. If the Nugget sandstone merges with the Glen tuations.on the basis of its intertonguing relation with the Popo Idaho, (2) a broad shelf sloping gently westward toward a line very little south of the present southernmost rocks ofCanyon group, as the writer believes, then the systemic Po8itive elements.-At least five positive elements alongAgie member. the geosyncline from eastern Arizona and Utah in the south

boundary in vVyoming may lie within the formation. Early Triassic age (pl. 9, fig. l). North of this margin,the eastern margin of the shelf area are recognized as places 
Conclusions.-Available faunal data and stratigraphic re that were elevated enough in Early Triassic time to escape Lower Triassic strata probably were continuous and evenly 

Direct evidence of the age of the Nugget sandstone, based and from eastern Colorndo, western Nebraska, and South 
on paleontology, is lacking because no diagnostic fossils Dakota in the north, (3) an eastern marginal area in which

lations described are summarized on table 6. The age of the burial by deposits but not high enough to furnish appreciable distributed across a shelf area, covering what today is thehave been surely found in it. In southeastern Idaho, mark a series of persistent positive elements outlined and delimited 
~ugget sandstone remains a problem. Some geologists (Shaw amounts of coarse detrital sediment. From northeast to Front Range and Park Range areas, for Lower Triassicings interpreted as possible footprints are reported uniden the region of sinking and sedimentation, (4) Jack of evi
and McGrew, 1955; Love, 1957, p. 44) now assign the entire southwest, these elements are the Las Animas arch in eastern strata on the east and west sides of these ranges are similartifiable (l\fansfield, 1952, p. 36). Plant fragments found by dence of either a shelf or a eugeosyncline on the north
unit to the Triassic system. Points in favor of this view maythe present writers in southwestern Wyoming likewise are Colorado, the Wet ]\fountains in east-central Colorado, the in thickness and lithology. South of this area the originalwestern side of the m iogeosyncline, and ( 5) the part of a 
be summarized as follows: ( 1) the lower part of the sandunidentifiable. A single specimen of the distinctive pelecy basin that extended southward from Canada into eastern Uncompahgre in western Colorado, the Defiance in north limit of deposition is bounded by the Wet Mountain uplift 
stone intertongues with red beds assigned to the Popo Agiepod Trigonia was reported by Matthews (1931, p. 42) from Montana and western North Dakota, the dating of which is eastern Arizona, and the Zuni in central western New Mex of the Ancestral Rockies in the east and by the northwestern 
member of the Chugwater formation; (2) the area of dis"... sandstones near the base above the conglomerate," questionable. ico. Only near the western margin of the Uncompahgre are end of the Uncompahgre uplift on the west. The distribu

in the central vVasatch Mountains of northeastern Utah. tribution of the Nugget sandstone is more comparable to The mfogeo8yncline.-Sinking of a miogeosyncline during considerable amounts of conglomerate present. One other tion and types of detritus in nearby Triassic strata indicate 
On the basis of this now lost or misplaced specimen, ap- that of Late Triassic rocks (pl. 8, fig. 2) than to that of Early Triassic time, with accompanymg widespread sedi- area that apparently remained relatively high during much that these positive elements, although apparently not high 
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as in Permian time, were, nevertheless, above the surface of 
deposition. 

Southeastern margin.-The southern half of the eastern 
margin of Lower Triassic deposits is believed to have 
roughly par alleled the Utah-Colorado and the Arizona-New 
Mexico State lines of today. Evidence that the original 
limits were not far east of the present margin of Lower 
Triassic rocks is furnished by the relation of these rocks to 
a series of positive elements- marginal deposits that appar
ently lapped against but did not cover the elements. These 
positive elements are the Uncompahgre in Colorado, the De
fiance in Arizona, and the Zuni in New Mexico. Only in 
areas between these elements, where moderate sinking oc
curred within eastward-curving embaymcnts, did deposits 
originally extend eastward beyond the present limits of 
Lower Triassic rocks. 

Southern margin.-A tremendous volume of Lower Trias
sic rock was apparently removed by erosion along the 
southern and especially the southwestern borders of the 
present outcrop area in Arizona and southern California. 
Evidence of this erosion is furnished by many iBolated 
remnants or outliers of Lower Triassic rock south of the 
main area of distribution in Arizona and by the consider
able thickness at the eroded margin in many places. Isopach 
trends on plate 9, figure 1, indicate an original southward 
continuation of thick sections of strata but the trends also 
suggest a general westward curve of the margin in central 
or southwestern Arizona. Negative evidence, represented by 
the absence of Lower Triassic deposits in southern Arizona, 
supports the belief that the margin of deposition was north 
of that region. 

1Vestern and northwestern margin.- The western and 
northwestern extent of deposition in the United States dur
ing Early Triassic time is poorly known and data concern
ing it are highly speculative. Relatively thin rock sequences 
in a few localities in northern Nevada and one locality in 
northern California suggest a margin of the miogeosyncline 
to the northwest of those areas. The age of the only section 
in northern California to be referred to Early Triassic time 
is questionable. Whether a shelf or a eugeosyncline lay to the 
northwest is not known. The record is obscure, also, in cen
tral and western Idaho, but nearby thickness and lithology 
trends indicate that no positive element occupied that area as 
in Late Triassic time. Absence of Lower Triassic rocks in the 
Pacific Northwest is, perhaps, negative evidence that the 
region was beyond the margin of deposition in Early Trias
sic time. 

Northern margin.-The original northern margin of 
Lower Triassic deposits in central Montana is believed to 
have been not far north of the present margin of Lower 
Triassic rocks. In eastern Montana and western North 
Dakota also, where Lower Triassic rocks extend northward 
into Canada, original deposits probably were only slightly 
more extensive than now. The high proportion of sandstone 
in areas bordering the present margin in both places indi
cates a nearby source. The assumption that tilted rocks of 
Paleozoic age, including Permian rocks, were eroded before 
and during Triassic time, as sho,vn on the Jurassic paleogeo
logic map, also supports the inference of limited extent of 
Triassic deposition. 

INTERPRETIVE MAP-IN'"£ERVAL 
B (PL. 9, FIG. 2) 

STRUCTURAL FRAMEWORK 

The interpretive map of rocks of interval B (pl. 9, fig. 2) 
shows rock thicknesses of a geosyncline only. These s~nita, 
which are in western Nevada and California, are the only 
ones in the United States of definite Middle Triassic age. 
In some other regions, formations such as the Moenkopi 
formation in southwestern Utah and the Red Peak member 
of the Chugwater formation in Wyoming may contain Mid
dle Triassic strata in their upper parts, but this age has 
not been established on the basis of fossils. Such units have, 
therefore, been assigned entirely to interval A and do not 
appear on this map. Such rocks of possible Middle Triassic 
age probably were formed on a shelf or on the edge of the 
geosyncline to the west. 

An adequate restoration of the Middle Triassic geosyncline 
does not seem permissible at this time because of insufficient 
data. Original positions of many of the rocks illustrated 

have been altered by thrusting and the age of many of the 
volcanic rocks is in doubt. On the basis of data shown on 
plate 3, figure 2, and plate 9, figure 2, however, rocks of 
interval B were deposited in a small, rounded portion of the 
Triassic geosyncline. The area of most intense volcanic ac
tivity apparently coincided with the area of greatest sub
sidence. 

INTERPRETIVE MAP-INTERVAL 
C (PL. 9, FIG. 3) 

STRUCTURAL FRAMEWORK 

The interpretive map of rocks of interval C (pl. 9, fig. 3) 
illustrates with isopach lines the inferred positions, trends, 
and original sizes of principal structural elements of that 
interval. These structures include a large trough bounded by 
faults and a little-known shelf area of deposition in eastern 
and southern United States. They include a eugeosyncline 
in westernmost United States and a series of connected 
basins and platforms in the Western Interior. Bordering 
most or all of these areas of sedimentation were source areas, 
ranging from low to high in relief and varying in elevation 
from time to time. 

The eastern trough.-Rocks of Late Triassic age that to
day fill a series of narrow, deep troughs trending mainly 
northeastward, parallel to the Appalachian Range, are scat
tered from N e,v England to South Carolina, and are inter
preted on this map as having originally formed as a con
tinuous belt, largely delineated by long normal faults. The 
validity of this interpretation is by no means definitely es
tablished, though it is favored by many geologists. On the 
other hand, data from some areas seem to indicate (Reine
mund, 1955, p. 81) that some present Triassic troughs, 
though once more extensive than now, were nevertheless 
separate areas of deposition. 

The outer margins of the region of deposition are, for 
the most part, delineated by major faults and by extensive 
fanglomerates in many places, obviously developed close to 
elevated source areas. The thickness of rocks within the 
trough is difficult to determine accurately, but enough data 
are available to indicate that 10,000 to 20,000 feet of sedi
ment were deposited in places. Isopach lines (pl. 9, fig. 3) 
suggest general trends in thickness, as inferred from meas
urements and estimates of present sections. They indicate 
that in most areas the maximum thickness bordered fault 
margins. Locally, thin deposits of gravel and sand were laid 
do,vn across the fault border as a final stage in the sedi
mentary history of the trough. 

The eastern and southern shelf.-Across parts of the pres
ent eastern and southern Coastal Plains and possibly in 
areas beyond, now under the sea, extensive Triassic deposits 
apparently accumulated on what was apparently a shelf 
with a seaward slope. Evidence concerning these strata has 
been furnished by well logs in Georgia and Alabama (Ap
plin, 1951, p. 15) and in parts of the middle Atlantic Coast 
(Rasmussen and Slaughter, 1955) and by seismic studies 
offshore (Ewing and others, 1937, 1939). An inner limit or 
zero isopach line for these deposits is tentatively indicated 
on the interpretive map ( pl. 9, fig. 3). In the southern area, 
enough data are available to suggest that rocks generally 
thicken toward the southwest, as shown by isopach lines, but 
thin locally. 

The eugeosynoline.- In western United States, one of the 
most prominent large-scale structural features of Late Trias
sic time is a northward-trending eugeosyncline that extended 
from southernmost California through California, western 
Nevada, and Idaho to Canada. This trough probably con
nected with the ocean basin near the border of Baja Cali
fornia, Mexico, and also through a westward-extending 
branch in northern California. 

Rocks that formed in the geosyncline apparently exceeded 
5,000 feet in thickness along most of its len6rth and, in north
western Nevada, probably attained more than 22,000 feet. 
They consist mostly of mudstone and carbonate rock but 
include large amounts of volcanic material. They are con
sidered mainly marine. 

Interior basins and platforms.- During Late Triassic time 
much of the Western Interior of the United States was occu
pied by circular or elliptical, subsiding basins separated by 
less rapidly sinking areas referred to as platforms. Five 
major basins and other smaller ones of similar type have 

been recognized; numerous platforms were present. All these 
structural features were covered with continental deposits 
that extended from west Texas and eastern "\Vyoming, west
ward to the geosyncline of southern California, western 
Nevada, and the Pacific Northwest. 

Centers of the large basins contain thicknesses of rock 
assumed to be essentially as great now as when formed, 
but in most areas, basin margins consist of rocks that have 
been greatly reduced in extent and thickness, as illustrated 
by truncated beds and beveled members. On the interpretive 
map (pl. 9, fig. 3), extension of marginal limits is based 
largely on the projection of trends and the reconstruction 
of units known to have been partly or entirely destroyed by 
erosion. In some places, on the other hand, textural features 
indicate that certain rocks are close to their source areas, 
so original limits of deposition could not have been far from 
present margins of distribution. 

A major basin of Late Triassic age, in west Texas and 
eastern New Mexico, is clearly indicated on the map of 
rocks of interval C ( pl. 4) by isopach lines showing present 
rock distribution. Details of size and shape, however, are 
much modified from those of the original basin (pl. 9, fig. 
3), for erosion of Triassic strata along the eastern and, 
especially, the western margins has been considerable. The 
present maximum thickness of 2,050 feet in Cochran County, 
Tex., near the Nev, Mexico line, probably is east of the orig
inal deepest part of the basin. Furthermore, isolated cen
ters of thickness, reaching 1,300 and 1,400 feet in middle 
eastern New Mexico, are interpreted as parts of the same 
thick basin deposit even though they now appear as sep
arate centers because of subsquent erosion in intervening 
areas. Thus, the Triassic basin corresponds somewhat in po
sition to the earlier and much deeper Permian basin, but 
the center of the Triassic basin was considerably farther 
west. 

A deep, Late Triassic basin in the Four Corners region 
of Arizona, New Mexico, Utah, and Colorado includes rocks 
having a total thickness of more than 2,000 feet. Four or 
more centers of maximum thickness occur in this area (pl. 
4) today as a result of dissection of various parts by ero
sion. Originally, however, the basin probably had either 
two deep centers, as shown on the reconstructed map (pl. 
9, fig. 3), or perhaps only one. Ample evidence indicates 
that many strata on the southern and western sides of this 
basin have been removed by erosion. The great thickness 
of Upper Triassic rocks in this basin results in part from 
the position of the basin in an area in which deposition 
continued to the end of Triassic time and beyond. 

Two basins in western Utah, one extending northward 
into southeastern Idaho, are near the axis of a miogeosyn
cline that was tectonically active in Early Triassic time 
(pl. 9, fig. 1). The more northerly basin is interpreted as 
having developed contemporaneously with elevation of a 
mountainous ridge in central Idaho, as illustrated on the 
interpretive map (pl. 9, fig. 3). Tectonic deformation re
sulting in the growth of this ridge perhaps presaged em
placement of the Idaho batholith in that area. The ridge 
resulted in an accumulation of abundant. medium to coarse 
detritus in the fast-sinking basin to the southeast. Both 
western Utah basins were filled with continental sediments 
only, indicating that prior to their development this region 
was entirely shut off from marine areas to the west, pos
sibly by broad upwarp in Late Triassic time. 

A wide basin in central 'Wyoming is comparable to those 
to the south and west, but the relatively thin sequence of 
strata preserved there indicate that it sank less. This basin, 
like the others, was filled with stream, pond, and other con
tinental deposits. A northeast- and north-trending platform, 
west of the basin in central Utah, corresponds in general 
position to the hinge line of the geosyncline of Early Tri
assic time. 

ELEVATED SOURCE AREAS 

The distribution of source areas and their contributions 
to alluvial deposits along margins of troughs and basins, 
and even across the basins in some areas, are fairly well 
known in a general way. Most large bodies of coarse detrital 
rock assigned to interval C are interpreted as direct re
sponses to uplifts in adjacent regions. In a majority of depo
sitional troughs and basins such uplifts in adjoining areas 
seem to have started sedimentation. In some areas of depo-

sit.ion, including certain troughs in the eastern United States 
and a basin enclosing the Petrified Forest of Arizona, re
current uplift of the source area is indicated by conglom
erates at horizons well above the base of rocks assigned 
to interval C. Inferred directions of transportation of detri
tus and relative amounts of sediment contributed by various 
source areas are indicated by red arrows on plate 9, figure 3. 

Eastern United States.- In the fault troughs of eastern 
United States, accumulations of conglomerate and sand
stone are known in many places, especially along the border 
faults, as indicated on plate 9, figure 3, and these con
glomerates and sandstones generally have been interpreted 
as fanglomerates (Russell, 1892, and many later authors) 
resulting from uplift of blocks adjacent to the scarps. In 
other areas, however, the detritus appears to have been 
transported from hills at moderate distances behind the 
trough margins (McLaughlin and Gerhard, 1953, p. 140-
142). In still other areas, the absence of a nearby elevated 
source is inferred from exclusively fine-grained strata 
(Reinemund, 1955, p. 52-54). 

Western Interior, major sources.-In the 1Vestern Interior 
region, source areas furnishing coarse detrital sediments 
seem to have been (1) in the Ancestral Rockies area of 
Colorado including the Uncompahgre area, (2) near the 
southern end of the west Texas basin, (3) in southern New 
Mexico and Arizona, and ( 4) in a mountainous ridge of 
central Idaho. Elsewhere, especially along the northern 
and eastern borders of the basin-and-platform region, Upper 
Triassic rocks containing fine detrital sediments only, indi
cate that no elevated source areas were nearby. 

The Rocky Mountain region of Colorado apparently 
formed two adjacent source areas, as shown on the inter
pretive map (pl. 9, fig. 3), or perhaps a single elevated land 
mass nearly bisected in the northern part. It furnished 
coarse- to fine-grained detritus in all directions, as indicated 
by Upper Triassic rocks in surrounding areas. The north
ern mountain area, represented by part of the Front Range 
of today, and the southeastern area, represented by the Wet 
Mountain uplift, both shed much detritus eastward and 
the deposits from these uplifts are inferred to have over
lapped to form a continuous cover across central eastern 
Colorado, where now Upper Triassic strata are absent (pl. 
5). 

Southward from the Ancestral Rockies region, coarse 
detrital sediment apparently was transported across New 
Mexico as far as the southeastern part of that State, as 
illustrated by studies of mineral suites and rock types 
in the Santa Rosa sandstone (Miller, 1955). Southwest
ward in New Mexico, westward in western Colorado and 
Utah, and northward in 1Vyoming numerous conglomerates 
and conglomeratic sandstones at various horizons suggest 
recurrent uplifts in parts of this source area (F. G. Poole, 
written communication, 1958). 

Uplift of an area in the southern part of west Texas 
(Marathon region) in Late Triassic time is indicated by 
composition and abundance of coarse gravels in the nearby 
Bisset conglomerate ( King, 1931, p. 88). Probably also from 
this southern source came gravels of durable rock types, 
included in conglomerates on the eastern side of the west 
Texas Triassic basin as far north as the Texas Panhandle, 
as shown by studies of fossils in the pebbles and studies 
of gravel composition (Roth, 1943, p. 631). 

Southern New Mexico and southern or central Arizona 
were apparently the site of an elevated land mass in Late 
Triassic time, as shown by numerous sheetlike conglomerate 
members in the northern parts of those States. Trends in 
gravel size, orientation of dips in cross-strata, and diagnos
tic fossils in gravels indicate (McKee, 1936, p. 260) that the 
Shinarump member of the Chinle formation was formed by 
streams traveling in a northerly direction. Similar features 
of the Correo sandstone member of the Chinle and some 
other conglomerates in New Mexico suggest comparable re
lations. 

Central Idaho was apparently the source area for thick 
sedimentary deposits in the basin of southeastern Idaho and 
northern Utah. Regional trends in coarseness of sediment 
indicate an easterly direction of transportation. Dissim
ilarity between strata of this basin and rocks to the north
west in western Idaho and Oregon, which include much 
marine and volcanic material, indicate that a barrier of 
some magnitude separated the areas. 

Western Interior, minor sources.-Along most of the 
northern and eastern margins of the Western I nterior dep
ositional region, only fine detrital and locally derived ma
terial are included in Upper Triassic strata, indicating 
that nearby source areas were of low relief or were lacking. 
In southeastern Colorado, for example, rocks of this age 
seem to have been derived largely from older sedimentary 
rocks to the east, judging by their composition. Conglomer
ates in this area, containing clay balls and limestone or 
dolomite pebbles, indicate as a source the uppermost Permian 
rocks to the east. Similar relationships in the Panhandle of 
Texas have been pointed out (Roth, 1943, p. 623). 

Western Interior, source of uppermost unit.-The Luka
chukai member of the ·wingate sandstone, across a wide 
area in southeastern Utah and northeastern Arizona, is 
believed to be of eolian origin. Statistical studies of dip 
directions in its cross-strata made by F. G. Poole (fig. 
32) indicate that great quantities of sand were transported 
from northwest to southeast across this region and de
posited to form the uppermost part of interval C. 
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FIGURE 32. Southern and eastern edge of tbe Lukachukai member 
of the ·wingate sandstone; arrows show inferred direction of 
transport of eolian sand (After F. G. Poole, written communica
tion, 1958) . 

INFERRED MARGINS OF DEPOSITION 

Original deposits in the Western Interior region are be
lieved to have extended well beyond present margins of 
distribution ( pl. 9, fig. 3). With few exceptions, present 
thicknesses of rocks in marginal areas are the result of 
extensive reduction by erosion. In central eastern Colorado 
a belt containing no Upper Triassic strata extends west
ward to the Rocky Mountains, and in eastern New Mexico 
a similar belt extends northward and bi.sects present areas 
of distribution. In both places, Upper Triassic strata that 
originally extended across these areas have been completely 
removed by erosion. 

Eastern and northeastern limits of deposition in ·wyo
ming are shown (pl. 9, fig. 3) not much beyond present limits 
of distribution, for although Upper Triassic strata are 
truncated by erosion in that region, abundant sandstone 
near present margins is evidence that source areas lay not 
far to the north. Greater distances of marginal retreat are 
indicated for the southeastern border of deposition in west 
Texas and along the southern border in New Mexico and 
Arizona. In both of these areas, but most notably in western 
Arizona, outliers and scattered remnants of former thick 
sections testify to a once much greater extent of Upper 
Triassic rocks in those areas. 

In southern west Texas and in most places surrounding 
the Ancestral Rockies area, in contrast, the present dis
tribution of Upper Triassic rocks approximates the original 
limits of deposition as indicated by types and coarseness of 
detritus composing the rock. 
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