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PALEOTECTONIC MAPS OF THE JURASSIC SYSTEM 
By 

Edwin D. Afoliee, Steven S. Oriel, Vernon E . Swall8on, Marjorie F.. MnoJ.nohlan, 
Jam~ C. MacL::ichlan, Keith B. Ketner, June \Vaternta.n Goldsmith, Ruth Young Bell, nnd Dolores J. Jameson 

INTRODUCTION Craig, L. C., and associates, U. S. derlyingJuras:::ic.-In the eastern Gulf ages are composed largely of red beds; lap progressively older beds, including time. The Upper Triassic Gabbs for­ thickne8s from 75 to 4,200 feet. The From central Wyoming westward, facies maps on a nationwide scale. Jurassic system. It is believed to be 
Paleotectonic map compilation was Geological Survey, Grand Junc­ Coast region (Alabama) Triassic(?) peculiarities of boundary configura­ from west to east, Triassic, Paleozoic, mat ion is reported to be conformably great thicknesses in Mexico and the the Jurassic rocks thicken to over Intervals or the Jurassic are repre­ in large part correlative with the Lias 

begun by the U. S. Geological Survey tion, Colo. diabase sills or dikes underlie younger tion may reflect, in part, differences in and Precambrian units . overlain by the Jurassic Sunrise for­ absence of Jurassic rocks beneath 6,000 feet in the southwestern part sented by wide, genetic associations of Europe. Formations currently as­
in July 1952. Work was fully under­ Danner, W.R., University of Brit­ strata at two localities. The extent of interpretation by different geologists. Units underlying Jurassic.-In mation in central western Nevada Cretaceous formations in west Texas, of the state. This constitutes a very or sequence.,;i of rocks, Each is believed signed to Interval A are indicated on 
way by the fall of 1953, and from then ish Columbia, Vancouver, B. C., the Triassic(? ) rocks is not known, Eastern Colorado, units underlying Utah, Late Triassic rocks are directly (Ferguson and Muller, 1949, p. 5). except for the Malone-Quitman ]\.foun­ large trough which apparently per­ to be dominated by a major event tables 1 and 2. 
on the staff of the paleotectonic map Canada. but they are represented as occupying Jurassic.-In eastern Colorado two beneath the lowest Jurassic units . The Crustal deformation did occur, how­ tain area, suggest that the limit of sisted throughout the Jurassic period in sedimentation, such as large-scale Rocks of Interval A are more re­
project ha.s consisted of six to seven Ferguson, H. G., U. S. Geological a trough comparable in size and shape principal problems are involved con­ Moenave and Wingate formations are ever, in Early Jurassic (Middle Lias ) deposition nearly coincided with the and extended southward into cenlraJ transgression and regression , and as stricted in areal distribution than 
geologists. The objective of this pro­ Survey, Washington, D. C. to the known Triassic troughs of the cerning the formations that directly continuous from Arizona and New time as indicated by deposits of the Texa.<;-Mexico boundary. The near­ Utah. Tn west-cent.ral Wyoming, there such represents a specific part or t-.eg­ those of any other Jurassic interval. 
gram is to prepare folios that depict Hadley, H. D., and associates, Bill­ Atlantic Coast States. Other Triassic underlie the Jurassic. First, the posi­ Mexico as described above, and form Dunlap formation that overlie the shore facies of easternmost exposures is a west-trending belt in which the ment of the period. Its record, neces­ They occupy only the western and
rock thicknesses, generalized lithol­ ings Geological Service, Billings, deposits, not yet recognized, may be tion of t he Permian-Triassic boundary broad belts which curve northwest­ Sunrise formation . (Albritton, 1938, p. 1764; Huf!ingtun, rocks are thinner than in the trough. sarily, is derived from the rock southern parts of the Western Interior 
ogy, ancient geography, and other Mont. present in the Gulf Coast region (Ap­ is uncertain throughout this area. Sec­ ward across the State. East and north 1943, p. 995) supports this inter­ This belt apparently did not subside for mu lions included and its boundaries basin and the eugeosyncline of the 
regional relations for each of the geo­ Hallgarth, W. E., U. S. Geological plin, 1951, p. 15-17.) ond, the relation of exposed strata of the area occupied by the ·wingate WEST COAb'T REGION pretation. as much as did the area to the south . are repreo:;entcd by formation con­ West Coast region. In the interior, 
logic systems in the United States, Survey, Denver, Colo. Most of the rocks of pre-Jurassic (Lykins) along the Front Range to the sandstone, in western Colorado and Little specific information is availa­

)l[JJ)CO-=--rTTNF.~T REGION The belt coincides in position and tacts. Although these boundaries ap­ the rocks consist exclusively of con­
and to interpret these data in terms of Harshbarger, J. W., and associates, age that have been examined in Ala­ uppermoRt Permian strata in the sub­ Utah, Jurassic strata rest on the ble on the pre-Jurassic rocks in places trend with a RmalJ east-trending area proximate time planes only locally, tinental deposits, most of them con­
tectonic evolution. U. S. Geological Survey, Hol­ bama and Missis.c;ippi are of Pennsyl­ surface farther east is obscure. Con­ Dolores, Chinle, and Ankareh forma­ where Jurassic sediments are present Thickness and trends.-East of the of pre-.Jurassic rocks now exposed on they are the best available for an sidered to be of eolian origin, and 

brook, Ariz. vanian and Ordovician age. Subsurface in the three Pacific Coast States. Colorado Front Range, rocks of The Jurassic system is the first for tributions toward the understanding tions, in that order, from southeast the southern flank of the Big- Horn interregional study of this type. these are very thick in the region from
which a synthesis has been prepared Hazzard, R. T., Gulf Oil Co., trends of these strata and adjoining ashinyton and Oregon, units un­ Jurassic age are, throughout a v1ide of these rocks have been made by to northwest. These red bed units are ·w Basin. At least two types of interval bound­ Colorado to Nevada and from Arizona 
in the form of a folio. It was selected Shreveport, La. crystallines to the southeast appear to derlying Jurassic.-Rocks of Paleozoic area, about 300 feet thick. They rang-e Condra and others (1950) and by approximately equivalent and cor­ YION"TANA A~D NORT H DAI{OTA aries are recognized. Where these to Wyoming. In western Nevada and

Jen.sen, F. S., The Texas Co., Den­ be continuous with surface trends in and Triassic ages are present in the from about 200 to over 400 feet. Thefor this purpose because it appeared Maher (1953), but the stratigraphic respond to the Dockum group of New coincide with unconformities , the hia­ the West Coast region, Interval AThickne:;s and lrends.-Tn the Mon­
to be well suited for the development ver, Colo. the southern Appalachians. northern Cascades of Washington, but rocks thin progressively toward the problems involved remain so difficult Mexico and eastern Colorado. The tuses represented may include time consists of thick marine deposits, lava 

the nature of the contact between southeast and east. tana-North Dakota region, .Jurassic 
of project methods and techniques. Kansas Sample Log Service, Pennsylvanian strata dip to the that the distribution of pre-Jurassic Chugwater and Je]m formations of planes. Although the rocks immedi­ flows, and pyroclastic rocks.

them and the Jurassic rocks is not Tn ea8tern Colorado and western rocks attain a maximum t.h icknesR of 
Rocks of this system are of current Wichita, Kans. south and thicken downdip as Jar strata in this area is generalized on the north-central Colorado are both di­ ately above such a boundary are com­

Kelley, V. C., University of New south as penetrated (H. R. Wanless, rectly overlain by Jurassic units. Part known. In central Oregon (locality 1 ), Kansas, isopach lines for the Jurassic over 1,300 feet. This maximum is in 
economic interest; they also include paleogeologic map. monly of variable age across a region, SOUTHW1<_;8T KEGION

Mexico, Albuquerque, N. Mex. written communication). Where rocks Attempts to determine the age of of t he Jelm formation may be equiva­ an angular unconformity separates system show two dominant trends. northeastern Montana and northwest­
a wide variety of types, but they are they are nevertheless the initial de­ Formations induded. -The Juras­

overlapping Jurassic formations from The fir,;t is oriented northeast and is ern North Dakota. From that area,
believed not to be as complex strati­ Knight, W. H., Union Oil Co., of Ordovician age occur in the small the Lykins formation along the Front lent to the Wingate sandstone, and posits of the interval t.hat includes sic(?) Kayenta formation and the Jurassic rocks thin both east and west. 
graphically or as extensive as those Jackson, Miss. bulge along the contact shown in Range have thus far given inconclu­ the Chugwater formation probably rocks that are partly Missis.~ippian most apparent at the present south­ them. Other interval boundaries coin­ Jurassic and Jurassic(?) Navajo sand­The eastern 0-isopach line ext.ends 
of most other systems. Love, J. D., U. S. Geological Sur­ eastern Mississippi {pl. 2 ), the ab­ sive results . The only described fossils, correlates with the Chinle formation and partly Late Triassic in age. In a eastern limit of Jurassic rocks in cide with conformable formational stone in Arizona, and the Jurassic(?) 

vey, Laramie, Wyo . sence of Pennsylvanian is attributed from the lower part of the formation, to the southwest. small area in the southwestern part of western Kansas. This t rend also is north-south across eastern North 
Data have been compiled with the contacts. They mm;t commonly do not Aztec sandstone in southern Nevada

Low, J . W., The California Co., to erosion. are of Permian age (Richardson, 1915, In central Colorado, lowest .Jurassic Oregon and northwestern California apparent in the series oi relaLivcly Dakota. The general eastward thin­
objective of developing a permanent, represent time planes but are the and southern California have been

Denver, Colo. Ordovician strata to the south of the p. 5). The upper part of the formation units overlap Triassic beds to rest (locality 57), Wells and others, (1951), thick patches that are oriented in a ning of the rocks indicates that the 
usable file to which new data may most ,ierviceable boundaries available. included in Interval A (Early Juras­original limit of deposition may nearly
continuously be added. The file con­ Lynch, W. D., The California Co., Pennsylvanian belt may be part of -above the locally designated" upper unconformably on Paleozoic rocks, have recognized the Applegate group northeast direction across eaR\.ern The division of the .Jurassic system sic) for convenience of usage in this 

principally of Pennsylvanian but pos­ of Late Triassic age; elsewhere in this Colorado and northwestern Kansas coincide with the present 0-line. On 
sists of punch cards arranged by State. Denver, Colo. (1) a thrust sheet on the Pennsyl­ crinkled limestone'' - is considered into four intervals is based on expe­ folio. Upper parts of the Kayenta

Maher, J. C., U. S. Geological Sur­ vanian belt, (2) a high-angle fault Triassic by some geologists because of sibly also of Permian age, and on large area of Jurassic outcrop, the and may represent remnant.--; of what the other hand, Jurassic rocks prob­
A card is prepared for each formation diency. A lesser number of intervals formation intertongue across the re­

were once continuously thick sedi­ ably were deposited further west in 
at every locality for which data are vey, Tulsa, Okla. block, or (3) a normal sequence brought its lithologic similarity to the Triassic Precambrian rocks. The late Paleozoic ages of underlying rocks have not combines unit,;i of unlike nature and gion with basal parts of the Navajo

Mallory, W.W., Phillips Petroleum up by a sharp reversal of dip. H. R. Chugwater and Spearfish formations strata of this area are collectively been determined. mentary belts across the area. The Montana than sho'Nll on the isopach 
available; each card contains the for­ history, thuR masking certain signifi­ sandstone, but it is not certain whether

Co., Denver, Colo. Wanless {written communication) be­ in Wyoming and the Black Hills, called the Maroon formation. Al­ California, units underlying Jurassic. second dominant trend in Colorado map, although no data are available to
mation name, locality or map num­ cant featurC8. A greater number cannot the Aztec farther west is lateral1y

Merriam, D. F., Kansas Geological lieves available evidence favors the repectively. t hough, as noted by Baker, Dane, and -In the few areas of Jurassic rock and Kansas is perpendicular to the indicate the position of the we-;tern
ber, geologic age, source of data, and be widely recognized with reasonable equivalent to both or to the Navajo exposures north of the Great Valley Survey, Lawrence, Kans. first explanation. The upper red bed8 of the Lykins Reeside (1936, p. 42 ), some geologists first and is oriented northwest. It, too, 0-line. a summary of additional data. The a.5surance and therefore, isopach and sandstone alone.and the Sierra Nevada in California, In North Dakota, isopach lines of 
punch card files of the paleotectonic Misch, Peter, University of Wash­ Arkansas and Louisiana, units un­ formation are absent near the south­ have assigned them, along with other is most apparent along the present lithofacies maps cannot be made for The ages of the Kayenta formation stratigraphic relations are relatively plate ington, Seattle, "Wash. derlying Jurassic .-If Wernerl 3 show series of small south­
map project, located in the Federal the and ern part of the Front Range (south of red beds, to the Triassic, recent work eastern margin of Jurassic strata, but a 

them on an interregional basis. and the Navajo sandstone have been 
indicates that they are older. clear. Upper Triassic rocks underlie the trend is evident int.he Front Range east-trending noses that depict th ick­Mitchell, J. G ., American Strati­Center at Denver, Colo. are open Louann formations are of Jurassic Perry Park ), so in that area the Lykins For each interval adopted, a com­ open to question for many years be­

Lower boundary of Jurassic.-The the Jurassic formations at loca1ities region as well. ening and thinning during Intervals
and available for the use of all geolo­ graphic Co., Denver, Colo. age, as discussed under Interval B, is considered to be entirely of Permian bined isopach-litbofacies map por lrays cause · the few fossils found furnish 

boundary between the Jurassic and 22, 34, and 116. To the southeast, Muller, S. W., Stanford University, the Eagle Mills of this report may be age. Near the Colorado-Wyoming bor­ In Nebraska, two intersecting trends B, C, and D. Judging from available 
gists, except for relatively few data location and extent of sedimemary conflicting evidence. Fresh-water mol­

Stanford, Calif. the youngest pre-Jurassic formation der, however, the upper red beds Triassic systems in Utah, south of the Upper Triassic fossils have been found in isopach lines may be present also, data, no rocks of Interval A were
obtained in confidence. basins, thicknesses of deposit.-., and lusks, dinosaur tracks, and reptiles

of Uinta basin ( "Jurassic not reached by in the lower 200 feet of the Milton Northrop, Stuart, University in the middle part of the Gulf Coast attain a maximum thickness of about but data available for this region are formed in this area.
In accumulating information, initia1 type.'l of sedimentary rock. The sub­ have been reported from the Kayenta 

drill" area) is placed at the base of formation (locality 4). In the Mother From Canada a prominent trough 
efforts normally are directed toward New Mexico, Albuquerque, region. The late Paleozoic age assigned 700 feet; the Permian-Triassic bound­ sparse so that any generalizations must divisions can be recognized with some formation. Of these the most signifi­Lode belt on the western flank of the extended southward during Jurassic the published record which is system­ N. Mex. to the unfossiliferous Eagle Mills (re­ ary is believed by some geologists the Kayenta formation {see discus.,;iion be tentative. One trend is more pro­ degree of assurance nearly every-v.rhere cant are dinosaurs described by Welles Sierra Nevada, rocks underlying the time into northwestern North Dakota 
atically abstracted on the punch cards. Ogden, Lawrence, Colorado School stricted ), however, is also question­ {Lavington and -Thompson, 1948, above for Southwest region). In north­ nounced than the other and paralJels that they occur in the United States, (1954) and tritylodonts identified byJurassic and supposed Jurassic forma­ and eastern Montana. Here the Juras­
Among unpublished materials, the of Mines, Golden, Colo. able. The validity of the paleogeologic p. 44) to lie within these beds, al­ ern U tah and northwestern Colorado, the northwest trend of Colorado and so comparison of genetically related Lewis (U.S. Geo!. Survey, 1955). Be­

Reed, E. C., Nebraska Geological though others (Johnson, 1945, p. 80) the Na-..,ajo (Nugget) sandstone is the tions are included in the Calaveras sic rocks of this region attained their 
most important are well logs and map in the Gulf Coast region, there­ Kansas. The other may parallel the events can be made between areas. cause of the uncertainty concerningformation. The Calaveras, generally maximum thickness. The trough per­
measured section files. Through the Survey, Lincoln, Nebr. fore, as well as that of the summary consider the red beds to be entirely of oldest Jurassic unit present and t he northeast-trend_ing lineament of those 

the age of the Kayenta formation, the 
L., B boundary is placed at its base. Over interpreted as consisting of pre­ states, but it appeam to be oriented sisted throul{hout the period. Taliaferro, N. University of isopach and the Interval maps Permian age. Still others (LeRoy, .llTRASSIG SUBDIVISIO)JScourtesy of sample log companies, oil U.S. Geological Survey currently listsJurassic carbonate rocks, contains Durin~ Interval B, two small south­

companies, and university and survey California, Berkeley, Calif. (pis. 3 and 5), depends upon the solu­ 1946, p . 44) place the boundary at the most of westf>...rn Colorado, Lower and more nearly east-northeast. Sources of correlations.-The assign­ it as Early Jurassic(?). This age assign­Mississippian and Permian fossils at trending troughs extended into north­
well-log libraries, data from thousands Trowbridge, Raymond, Tyler, Tex. tion of these stratigraphic problems. top of the "upper crinkled beds." No Middle Jurassic rocks are absent and 

SOUTHWEST KJ<_;GIO;,.,/ ment of strata to the Jurassic sub­ ment is discussed by Harshbarger anddifferent localities. Taliaferro (1951, ern North Dakota. These did not Wanek, A. A,, and associates, U. S. The Morehouse formation, deter­ attempt is made on this paleogeologic the Entrada sandstone is at the base of wells have been made available to divisions or intervals is based largely others (in press). p. 119 ) states that "the 'Calaveras 
the project staff, Other significant Geological Survey, Albuquerque, mined on faunal evidence to be of map (pl. 2) to subdi\,;de the Lykins of the Jurassic g;ection, as in New The total t hickness of Jurassic de­ persist into later times. 

on the Juras.sic correlation chart of Fossils found in the Navajo sand­
formation. Mexico. Locally, in central Colorado, group' actually is a heterogenous as­ In central Montana, there is a smallcontributions of data have come from N. Mex. Pennsylvanian age (Imlay and posit8 increases from northeastern 

the Committee on Stratigraphy of the stone include two dinosaurs, 8omedino­semblage of rocks of upper PaleozoicWilliams, 1942, p. 1672-1673 ; Hoff­ Above the Lykins formation in the Morrison formation is the only New Mexico, where it averages less J-shaped belt of relatively thin de­university theses, from individuals, National Research Council {Imlay, saur tracks, a few ostracods, and some MAP OF CONTROL POINTS meister and Staplin, 1954, p 158-159), northern Colorado is the J elm forma­ Jurassic unit present, and the lower age. In fact, it may contain rocks of than 500 feet, westward along the posits. This belt very likely represents from State surveys, and from various 1952a), but some are derived from other crustaceans. The Navajo, which(PL. 1) lower Paleozoic age also." Further­was partially penetrated in northeast­ tion of Late Triassic age. In south­ boundary is easily discerned. southern margin of the depositional a small, irregularly shaped, nearly 
groups within the U. S. Geological more recent, unpublished information. is regarded by the Geological Survey

Plate 1 shows the location of all more, rocks separating strata of known ern Louisiana by a single well . Un­ eastern Colorado and northeastern area into southeastern California positive area that persisted through­Survey. These data have contributed Modifications are based on sugges­IDA HO, \.VYOMING, as of Jurassic and Jurassic(?) age, has
control points used in the maps that Jurassic age from the Calaveras for­New Mexico, however, the Lykins is where it may be as much as 3,000 feet out mos\., of Jurassic time. Pre-JurasRic 

much toward the solution of local and fortunate1y, neither its relation to A)JD SOUTH DAKOTA t ions by the U. S. Geological Survey, been assigned in this folio to Interval
follow. It enables the reader to deter­ mation may be in part Triassic, though underlying and overlying formations, overlain by strata of the Triassic (pl. 3 ). Althou!{h Jurassic strata are rocks are now exposed in a narrow

regional problems. by R. "\V. Imlay, and by various geolo­ A because of its stratigraphic position,
mine the source of data for any por­ Throughout Wyoming and south­ no known fossil evidence supports weRt-trending area adjacent to the

With few exceptions, all accumula­ nor its position relative to the Eagle Dockum group {Chinle formation). absent over all of northwestern gists who have studied the Jurassic in but it may prove to be older.
tion of the paleogeologic, isopach, or this content ion. Mills formation is clear. AB a result, Because Dockum strata are red beds eastern Idaho,Jurassic rocks rest upon Arizona, isopach trends on both the weRtern extension of this belt.tion of data on Jurassic rocks was In the Coast Ranges of western detail in each of several regions. Sev­ Thickness trenmi. - Isopach lines
lithofacies maps. Numbers shown ad­ three interpretations of its strati­ similar to those of the Lykins forma­ those of Triassic age. The Triassic east and west sides of this area clearly From central Montana, extending

terminated late in the fall of 1954. California the relation between the eral correlation problems have not yet (pl. 4) show a conspicuous westward
jacent to control points on the map tion, they are difficult to distinguish rocks thin toward the east and pinch indicate that thick deposits once ex­ northwestward to the present Rockygraphic relationships have been Stratigraphic data were compiled been solved; these are reviewed below thickening of rocks included in In­
correspond to numbers in the locality in well cuttings with the result that out in western South Dakota. East Knoxville and Franciscan formations 

suggested, as shown below diagram­ tended from northeastern Arizona Mountains, are two small areas infor each State at a scale of 1 :1,000,000. and older rocks is essentially unknown. in the discussions of each interval. terval A, forming a great sedimentary
index that precedes it. This map, with which rocks are relatively thick, sep­matically. The second of these inter­ the position of the Dockum-Lykins of the Triassic limit._<;, Paleozoic rocks across the present Grand Canyon They are presented on maps covering In the vicinity of Los Angeles, Triassic Index to formations.-Table I lists, wedge from northern Arizona into
the accompanying index, should make pretations is followed in this folio. contact in many well logs is subject underlie the Jurassic system and strike region into southern Nevada. Also arat.ed by another belt in which theynine folded pages in this folio. Seven rocks })ave been described; south of in alphabetical order, all the Jurassic southern California. From the zero
it possible for the reader to (1) com­ to more than one interpretation. The about north. Throughout this area, a apparent from isopach lines is an are thin. These troughs and the in­

of the maps are of the United States San Francisco, the Sur series and formations of the United States. Its line, which extends from the northeast
pare the data used in the preparation contact used in preparing this map, prominent angular unconformity sep­ abrupt curve toward the southern tertrough area apparently persisted 

on a scale of 1 :5,000,000. They were associated grani tes have been referred purpose is to enable the reader to corner of Arizona southwestward to­
of this folio with his own, (2 ) evaluate therefore, represent.s only one of sev­ arates the Triassic from the Paleozoic margin of the basin in southern Nevada through most of Jurassic time. 

prepared as objectively as possible, to the Paleozoic in several reports. ascertain the interval to which each ward the center of the State, deposits
the significance of various control eral possible selections. formations. and California. Unfortunately, no dataalthough a certain amount of inter­ Eagle Mills Morehouse Units underlying Jurassic. - Al­ The stratigraphic relations between formation has been assigned, thus thicken northwestward to more than
points in making later interpretations WESTERX NEVADA Lower boundary of Jurassic.-The are available further to the southwest,pretation was necessary to make the though different symbols are used on these and Jurassic rocks of the region indicating the map or maps on which 1,300 feet at Lees Ferry, midway
of his own, and (3) reproduce com­ 1. Eagle Mills older than Morehouse contact at the base of the Jurassic so the significance of the trend is Because of the paucity of data for 

data, collected from diverse sources, plate 2 for formations underlying the are not known. its lithology and thickness are shown. across the State near the riorthern
parable maps, adding such data as system throughout western Kansas, obscure. western Nevada, concerning both

mutually consistent. Also in this folio Jurassic in various parts of Wyoming, The table also shows the region in border, and to 2,500 feet in southern
become available in the future. Nebraska, and eastern Colorado is Virtually the entire thickness of localities and complete thicknesses, 

are two plates made up of maps of a Werner ST:MMARY MAP OF JURASSIC the rocks are believed to be approxi­ which the formation is found. Nevada. Farther west and south, in 
Another purpose of the map is to distinct. Jurassic strata within this Jurassit': strata in New Mexico is the the construction of isopach lines bas 

more subjective nature; they repre­ NE--------co~--sw THICK.c"/ESSES(PL. 3) maiely correlative. The Ankareh for­ Generalized correlation chart.-Table the Mohave desert of California, where
indicate, by the density of control region are composed largely of varie­ result of Late Jurassic deposition not seemed justified. The region is 

sentinterpretations of the factual data. Eagle Mills orehouse mation of western 'Wyoming and An isopach map (pl. 3) shov.;ng the 2 is a generalized correlation chart about 3,000 feet of Aztec sandstone
points, the relative amount of infor­ gated rocks having distinctive pastel (Intervals B, C, D ), whereas t hat in interpreted as a part of a deep geo­

The interpretive maps include a southeastern Idaho, for example, is total thickness of Jurassic deposits showing the principal Jurassic forma­ has been reported, isopach lines swing 
mation available for any area. This 2. Morehouse older than Eagle Mills colors, especially greens and pinks. southern Nevada and southeastern syncline to the west and has been 

series of nine paleogeographic maps considered equivalent to the upper has been prepared as a summary of tions in the United States. Relative from southwest to south. These trends
provides a basis, when considered to­ They contrast strongly with under­ California is entirely due to Early referred to as the "Luning Embay­

and a summary map (pl. 8) prepared part of the Chugwater formation in the effects of sedimentation during stratigraphic positions are shown with­ show that a thick sequence of rocks of
gether with the quality of data, for lying Triassic and Permian rocks that Jurassic sedimentation (Interval A), ment" (Ferguson and Muller, 1949,

by Ralph W. Imlay. These maps, Werner west-central Wyoming, the Spearfish this period. On this map the areas of in columns, each of which is made for Interval A originally extended across
evaluating the reliability of various are dominantly deep red. In south­ In northeastern Arizona, deposits of p. 8 ), The maximum recorded thick­

based upon his extensive and detailed NE----~----sw formation in northeastern Wyoming greates t accumulation, the trends of a large area. Formations on this chart most of northern Arizona where older 
isopach lines. Also significant is the eastern Colorado (central Kiowa all parts (intervals) of the Jurassic are ness of Jurassic (Lias) rocks in this 

studies of Jurassic faunas and sections, 
j and the Jelm sandstone in southeast­ major troughs, and the present limits are shown with respect to the four sedimentary rocks are now exposed.Eagle Mills Morehouse paucity of control point.<; in certain County to central Las Animas County represented, but the relatively great area is 6,250 feet. 

show the positions of shorelines, land ern Wyoming. The Chugwater, as of Jurassic deposits appear. Further ­ intervals-A, B, C, and D-into which Lithofacies trends.-Tbe lithofacies 
areas, for it calls a ttention to places and southward), however, the contact westward thickening of Lower Jurassic 

masses, and sources of sediments dur­ 3. Fault of unknown dip and dis­ WE8TER)J IDAHO­
used here, includes red beds above the more, an attempt has been made to the Jurassic system has been divided map of Interval A (pl. 4) shows an

where additional geologic studieR are is difficult to recognize. White to pink sediments controls the isopach trends. EASTERN OREGON
ing short time intervals. Other inter­ placement Alcova limestone (Kummel, 1954, approximate original boundaries of in this folio. Details of correlation are increase in the proportion of sandstone

needed and where problems remain cross-stratified sandstone of thepretive maps included in the folio are In this area, as in western Nevada, p. 182) although in some areas the deposition wherever available infor­ UTAH AND WESTERN COLORADO not attempted on this chart; strati­ from south to north in Axizona. In the 
unsolved. Jurassic Exeter or Entrada sandstonethe environmental maps on plate 9. East Texas, units underlying Juras­ sedimentary rocks of Jurassic age are name has been restricted to beds be­ mation justifies such inference. From graphic relations such as overlap, southeasternmost deposits in Arizona,The accuracy of paleogeologic, iso­ rests upon a similar unit of sandstone, Jurassic rocks thicken westward

These portray details of depositional sie.-Pre-Jurassic rocks in the western related to those of the ·west Coast neath the limestone (e.g., Burk, 1953, a paleotectonic standpoint, this map facie.,;i change, and interfingering are more than 50 percent of the section is
pach, and lithofacies maps is deter­ about 200 feet thick, believed to belong from 200 feet in central Colorado t o 

environments in certain areas where part of the Gulf Coast region are p. 29 ). Formations underlying Jurassic should serve to outline the gross re­ eugeosyncline. In the Blue Mountain not indicated, and the time span mud.stone; northward is a belt inmined by the quantity and spacing of to the Triassic Dockum group. The more than 6,000 feet in north-central 
control points are numerous and data arranged in parallel belts that form a rocks in South Dakota include the sults of loading, downwarping, and­ area of east-central Oregon (locality represented by each formation is shown which sandstone is dominant overcontrol points and upon the quality of problem of separation in this area has Utah. The increase in thickness is
good. These maps are speculative pres­ southward curving arc. The north­ Minnekahta limestone of Permian(?) when compared with similar maps of 1 ), rocks representing most of Jurassic only in a very general way. For a mudstone; farther north the sectionsthe data available for each point. In been discussed by Bass and others most abrupt in Utah. A north-trend­
entations prepared by various mem­ westernmost belt is composed of age, the Minnelusa sandstone of Penn­ other periods-the shifting of areas of time are present (Lupher, 1941, p. detailed analysis of these features, the are essentially all sandstone (80-100 regions such as the West Coast or (1947), In some places the units are ing zone of thick rocks extends across
bers of the project from data compiled Cambrian and Ordovician strata; the sylvanian age, and the Madison group crustal instability. 219-270). Near Mineral in western reader is referred to the Jurassic percent). Two reasons for this t rendNevada, for example, points are so not distinguishable, making necessary central Utah and another zone of thick 
in connection with the other maps. middle belt consists of rocks of Penn­ of Mississippian age. Because t he relative magnitude of Idaho (locality 22) Jurassic fossils Correlation Charts of North America, are apparent. First, the Kayenta for­widely spaced that interpolation is the omission of the Entrada sandstone rocks trends southwestward from

The Jurassic fo1io represents the sylvanian age; and the southeastern­ Lower boundary of Jurassic system. thicknesses varies greatly for different have been found (Livingston, 1932, Exclusive of Canada (Imlay, 1952a). mation, which contains all the mud­hazardous. Isopach and lithofacies from Jurassic isopach and lithofacies southern Utah toward Nevada and
cooperative efforts oj the entire staff most belt is formed of metamorphic stone, forms a greater portion of -In Wyoming the boundary between parts of the country, the isopach inter­ p. 34 ). These are assigned to the lower In table 2 and throughout this text, 

maps prepared for such areas are un­ maps. northwestern Axizona. lsopach lines
of the paleotectonic map project. Each rocks, including schist, pbyllite, and the Jurassic and Triassic systems for vals are not the same for all parts of Upper Jurassic (Lupher, 194.l, p. 265). formation names not accepted yet for Interval A toward the south than in 

reliable. Consequently, in regions of delineate troughs along these zones,
geologist is responsible for all stages SOUTHWEST REGION slate ( Morgan, 1952, p. 2272-2273; many years has been placed at the the map. This variation is necessary Elsewhere in western Idaho (localitie..o:; use by the U.S. Geological Survey are the north owing to southward thin­

sparse control, isolated points are but in north-central Utah maximum
of compilation for a particular region, Rocks of Triassic age everywhereGoldstein and Reno, 1952, p. 2288- base of the Nugget sandstone. Only a in order to bring out certain features 23, 24, and 25 ), phyllites and schists shown in italics. No distinction is ning of the Navajo sandstone. Set.'Ond,

shown with explanatory data and rock thicknesses measured on the west side
with coordination by the project chief underlie the Jurassic strata that ex­2290 ). The structural relations of the few fossils, all of them nondiagnostic, of regional interest in areas of rela­ several thousand feet thick form the made between names actually rejected the Kayenta formation changes facies 

symbols, but no isopach lines are used. may be incomplete. The lower part
and general guidance as to scope and tend across northeastern Arizona andbelts and the age of the metamorphic have bee1,1 described from this sand­ tively t hin deposits. Changes in iso­ upper member of t he Lucile series, and and those concerning which there has southward from a sandy to a silty,

In other regions, particularly in of the conglomerat..ic Indianola group
procedures from a steering committee northern New Mexico. Furthermore, rocks have not definitely been estab­ stone. However, stratigraphic rela­ pach intervals are indicated both by may be of Jurassic age (Cook, 1954, been no occasion for official action. also thicker, unit called the silty facies 

petroliferous basins where there has (or the Kelvin formation) of Creta­
of eight appointed by the Chief Geol­ R. Triassic strata are present in many lished. H . ·wanless (written com­ tions sugge..c;t at least part of the the weight of the 1ines, which is heavy p. 4; Cannon, R. S., Jr., oral com­ (Harshbarger et al., in press). 

ceous age may be equivalent to the been much drilling, sections or wells ogist. Distribution of assignments places south and west of the presentmunicat ion) suggests, however, that Nugget may be of Triassic age. Cross­ where multiples of 500 are used, and munication). LITIIOFACIES A~D Origin and source of sediments.­
Morrison formation (Spieker, l 946, are too closely spaced in many places THICKNESS MAPS (PLS. 4-7)among project staff was as follows: limits of the Jurassic and, at least in in the northeastern part, the meta­ stratified, pink to white sandstone by the labeling of every fifth isopach Apparently the Jurassic strata of Both isopach and lithofacies maps
p. 125 ), although no part of this unitto be shown individually on the scale Gulf Coast region southeastern New Mexico, once ex­morphic rocks closely resemble the present data pertinent to the contro­beds of the Nugget formation are line in a series. western Idaho were separated from Purp0ses of maps.-The four litho­has been included in the Jurassic in­of 1:5,000,000. In general, one point Marjorie E. MacLachlan tended far beyond the area of original Stanley shale of Mississippian and versial question of source of sedimentshown by Hubbell (1954) as inter­ Extensive areas for which no con­ those of the miogeosyncline to the east facies maps included in this folio 

per township is the upper density tervals of this folio. If part of the
Midcontinent region Jurassic deposition as indicated by Pennsylvanian age in Oklahoma and fingering with or grading laterally into trol is available are marked either as by a narrow but dominant geanticline depict the distribution and propor­ in the Kayenta formation and the 

limit shown on the maps in this folio, Tndianola group were assigned to the
Steven S. Oriel present outcrops (X) and by sections Arkansas and may be correlative with "Jurassic not reached by drill" or as t rending southward across Idaho. Evi­ tions of the dominant rock types Navajo sandstone. The southward andred beds of the Triassic J elm formation. 

Where more data were available, how­ Jurassic, the western edge oft.he nort.h­
Southwest-region beneath the Cretaceous ( it. Some geologists believe they are i::,.) on plate 2. Inconsistencies in the application "Jurassic absent" depending on the dence of its presence is suggested by formed during each interval. Isopach southwestward increase in percentage

Edwin D. McKee ever, they have been compiled on t rending trough would be placed far­Arizona and New 11-fexico, units un­younger. of formation names have intensified reason for the lack of control points. the eastward coarsening of the upper lines on each of the four maps show of mud in the Kayenta of Arizona
ther west, or perhaps the ~edimcnt:.,; punch cards Utah and western Colorado as confirmation of the boundary of Jurassic. - derlying Lower Jurassie.-Across much of The the problem of the Triassic-Jurassic Axeas shown in red brown indicate member of t he Lucile series in western the thicknesses of these rocks; also indicates transportation in those direc­
would be represented as a wedge rathervalidity of composite or selected data.James C. MacLachlan northern New Mexico, uppermost position of the lower boundary of the boundaryin Wyoming. Rocks included exposed intrusive bodies of probable Idaho (Wagner, 1945, p. 5), and by shown are control points from which tions. The great thickness of the Aztec
than as a trough (see discussion underWhere measured sections or wells Wyoming, Montana, North Triassic strata are assigned to the Jurassic system, as mentioned above, by some geologists in the Jelm forma­ Jurassic age and of late Mesozoic the westward coarsening of detrital each map was constructed. These sandstone (2,000-3,000 feet) westward

have been variously interpreted, these Interval D ). 
Dakota, South Dakota Chinle formation of the Dockumis believed by some geologists to be tion, for example, are considered part age; the period of these intrusions in sediments and the increase in detrital points serve as reference to the source throµgh southern Nevada and Cali­

Juras8ic rocks are relatively thin ininterpretations are discussed in the June Waterman Goldsmith group. Westward toward the Arizona above the Louann and Werner forma­ of the Nugget sandstone by others. many areas is uncertain. materials in that direction among data. fornia , together with field evidencenorth~central Colorado, near the twotext, although only one may be shown Nevada State line, these are overlapped by the tions (table 2), but by others to be Jurassic sediments of western Wyo­ During compilation, lithofacies and that the Aztec is conformable with the"Jurassic not reached by drill" areas
Keith B. on the maps. Ketner Wingate sandstone,and in Arizona, still ATLANTIC COAST REGION 

beneath them, at the top of the Eagle MONTANA AND NORTH DAKOTA ming and Montana. This geanticline isopach maps were prepared separate­ underlying Triassic Chinle formation
in northern Utah and Colorado, and

West Coast region farther west, the Wingate is overlapped Mills (restricted) formation. Becam;e A widespread angular unconform­ For available data on Jurassic rocks may have been less than one hundred ly, but the overprint arrangement (Longwell, 1928, p. 56), suggest thatPALEOGEOT.OGIC MAP in southwestern Colorado. The lack
Vernon E. Swanson by strata of the Moenave formation. the Louann and Werner formations ity, separating Triassic rocks from of this area, see discussion under miles wide, but appears to have pro­ facilitates easy comparison and recog­ deposition of this sandstone was con­(PL. 2) of control within the!;e areas precludes 

The project was directed by James The pattern of the paleogeologic consist of unfossiliferous deposits of those of Paleozoic age, is the most Interval D. vided, over a long time, tremendous nition of common trends. Where a temporaneoµs with development of
The paleogeologic map shows the any definite conclusions on the amountmap at first suggests that pre­Gilluly in the early stages and by salt, anhydrite, and red beds and ·be­ apparent feature on the paleogeologic FT,ORTOA amounts of detritus to the adjoining genetic relationship exists between the Kayenta but continued through

geology of the surface upon which of thinning or on the exact location ofJurassic erosion has exposed progres­Edwin D. McKee later, with an over­ cause these formations have not been map (pl. 2) in the Montana.-North geosynclines. lts development began rock types and thickness, its presence the time of Navajo deposition.Rocks of Juras8ic age ma~r be pres­Jurassic sediments were deposited. It the th innest spots. The t hinning is 
lapping interval of joint responsibility. sively older Triassic strata from westpenetrated very far down dip, the prob­ Dakota region. Paleozoic rocks strike becomes readily apparent. On the basis of lithology, sedimen­ent in Florida {Applin, 1951, p. in early Paleozoic and involved con­is based upon those control points for 1, probably the result of a slower rate ofto east across the region. Such an During the early stages, work on lem remains controversial. The base about east in central and western Lithofacies map symbols.-Propor­ tary structures, and faunas, the Kay­figs. 3 and 4), but evidence is not con­ stantly repeated uplift as late as the which the formation immediately be­ interpretation may not be justified, deposition than elsewhere and of pre­
Wyoming, Montana, North Dakota, of the Jurassic system is here assumed Montana and are progressively older clusive. Deposits considered Jurassic middle Mesozoic according to Rubey tions of lithologic types shown on the enta is generally interpreted as a

neath Jurassic rocks has been deter­ however, for (1) the Moenave forma­ Cretaceous erosion.
and South Dakota was by Ruth Young to be at the contact of the Werner and toward the north. They strike about (1955, four lithofacies rnaps to 125). stream deposit and the Navajo-Aztecare referred in published descrip­ p. were computed 

mined. Areally it is limited to regions In cent.cal Colorado the Morrison tion and the Wingate sandstone may Bell and on Utah and Idaho by the Eag]e Mills (restricted) formations. north in the Dakotas, with the oldest quantitatively. The standard patterns sandstones as eolian accumulations tions of several welLo;, but these assign­in which Jurassic strata are now found. and Entrada formations account Ior never have extended far beyond their Dolores J. Jameson. In WEST COAST REGION rocks toward the east. the interven­ and colors used as symbols for litbo­ (Baker et al., 1936, p. 51; Harshbarger
In a few places, however, where Tri­ ments are questioned by P. L. Applin the total thickness of Jurassic rocks.WEST TEXAS present limits, and (2) the age of the ing area, the Spearfish formation of Jurassic deposits of the West Coast logic combinations, however, can be et al., in press). Dip directions in 
assic rocks now extend beyond the (oral communication ). - Along the western boundary of Colo­INDEX TO uppermost Chinle deposits in easternJurassic rocks in west -i:exas and Triassic age overlaps Paleozoic strata region are thousands to tens of thou­ interpreted qualitatively and largely cross-strata of the Navajo sandstone 
present limits of the Jurassic, their rado and in central and eastern Utah,LOCALITIES AND SOURCES New Mexico is not necessarily the adjoining Mexico directly overlie Per­ in what is believed to be a broad pre­ GULF COAST REGIO'.\r sands of feet thick. In most places, without reference to a key. Further­ in southwestern and south-centraldistribution is indicated by means of all four Jurassic intervals are repre­same as that of corresponding units in 

The index that immediately pre­ mian and possibly older Paleozoic for­ Jurassic synclinorium plunging toward The total thickness of Jurassic de­ furthermore, these great thicknesses, more, different combinations of rock Utah, and the southward intertongu­symbols but without the use of color. sented. In southwestern U tah the bulk Arizona. Available fauna} evidence is 
cedes the map of control points (pl. I ) mations. The Briggs formation of Leo­ the southwest. posits is difficult to determine with including both. sedimentary and vol­ appear to grade into one another, as ing of lower Navajo sandstone withThe base of the Jurassic is difficult of the total Jurassic thickness is in the not conclusive regarding this point. 
is designed to enable the reader to de­ nard or younger age underlies Jurassic Units underlying Jurassic.-Strati­ assurance because of uncertainties in­ canic rocks, represent only a small they do in nature. upper Kayenta rocks in those areasto establish in many areas and, there­ Lower Jurassic units, although Middle Lower boundary of Jurassic.-The
termine the precise location and the strata in the Malone-Quitman Moun­ graphic units immediately beneath herent in the data used. All informa­ part of total Jurassic time (pl. 3). In Use of four end members or c..-ompo­ c~·ilson, 1965 ), indicate a movementfore, subject to interpretation. In such and Upper Jurassic units are moder­Triassic-Jurassic boundary across es­
original source data for each point used tain area (Huflington, 1943, p. 994). Jurassic rocks in Montana include the tion is based on well logs for which two areas only, do rocks represent nents in the classification chart that primarily from the north. Fartherplaces the boundary has been selected ately thick. sentially all of New Mexico is repre­
on the maps in this folio. Citations, Madison formation, on the north, and there are not only differences of opinion most, if not all, of Jurassic time. One accompanie.o:; each lithofacies map may south and east, along Paria Creek,arbitrarily. Specific boundary prob­ MTOGOX'f'TNEKT REGION sented by a considerable hiatus, for IDAIIO, WYOMING, AND
necessarily brief because of the number progressively younger formations to­ regarding formation boundaries, but is in the Taylorsville region of Cali­ require additional explanation. The Utah (Wilson, 1955), and throughoutlems are summarized below and perti­ the Entrada sandstone of Late Jurassic SOUTH DAHOTA 
of control points, include publications ward the south and southwest. In In the area from the Front Range also considerable question as to which fornia - the Mount .Jura section chart was prepared in lieu of a three­ eastern Utah (L. C . Craig, writtennent evidence cited in the discussion age is the oldest Jurassic formation 

North Dakota, Paleozoic rocks are formation constitutes t he base of the Juras..,;.;ic rocks in this region arc as and unpub1ishedreports, well Jogs, sec­ of Colorado eastward into western (locality 22)-and the other is in east­ dimensional tetrahedron. Possible con­ communication), the t rend of cross­of each region. represented there. In Arizona and the
tions, and personal communications. progressively younger toward the west much as 6,000 feet thick-perhaps fusion may be avoided by considering Kansas and western Nebraska, rocks Juras.sic (see discussion under Paleo­ central Oregon (locality 1 ). In P,a..%ern strata in the Navajo sandstone indi­extreme northwestern corner of New 

The index should not be considered ATLANTIC COAST REGION and include strata from Ordovician to geologic Map). more. This maximum, which is in California (localities 4 and 117 ) t he the classification as two charts in one of the Jurassic system rest in many cates a southeasterly direction ofMexico, however, the Kayenta forma­
a complete bibliography, although it Permian in age. Units shown on plate places on those of Triassic age and else­ Control points, indicating where Idaho and western Wyoming, does not On Cape Hatteras, N. C., Upper Milton formation (Sailor Canyon for­ as illustrated below. movement and in the Navajo Reserva­tion, currently assigned to Early 

2 are those recognized by geologists include the Ephraim conglomerate, does include references to all publica­ The steps in using the chart are Jurassic(?) rocks encountered in the where on truncated Permian strata. drilling has penetrated Jurassic rocks mat ion) is believed to represent most tion in Arizona, an easterly directionJurassic(? ) time, and the Navajo 
who have examined well cuttings and part of which may be Jurassic (see tions used in establishing control points included here for readers who may Esso Standard Oil, Hatteras Light From southwest to northeast in Kan­ in the Gulf Coast region, are limited of the first half of the Jurassic (Inter­ has been suggested by Harshbargersandstone, considered of Jurassic and 

on the maps. The bibliographic refer­ surface sections. Minor interpolations, to an east-west trending arc that is discussion under Interval D ). wish to adapt it to their own use. and others (in press). A likely interpre­Well No. 1, are reported to be under­ sas, for instance, Jurassic rocks rest vals A and B ), but elsewhere only Jurassic(? ) age, are at the base of the necessary in some places in order to at­ Jurassic rocks thin toward t he east ence list for the folio appears at the lain by Precambrian granite (Swain, upon progressively older strata. In the concave southward. North of this arc, one-third or less of Jurassic time (le~"is After computing the percentages of tation of these trends is that KayentaJurassic Rect ion. For purposes of com­
end of the text. tain consistent nomenclature, are the 1952, p. 66-67). This is the only Juras­ southwestern corner of that State, as shown on the map, is an area in and southeast. The eastern limit of than two intervals) is spanned by the four components in a measured deposits, apparently being laid downpiling lithofacies and isopach data for only changes made during compilation. deposition very likely did not extend -section, the steps are as follows: by southwestward-flowing streams,sic control point available for the they overlie the Dockum group (Tri­ which Jurassic rocks are absent and the deposits. the accompanying maps, the conform­ACKNO,•t'"LEDGMENTS Lower boundary of Jurassic s·ystem. an ancient land mass is inferred; south much beyond the present zero thick­ The total thickness of Jurassic rocks 1. The proper horizontal row is de­assic ), whereas farther east and north, were gradually overwhelmed by sands,region. FOR INFORMATION able contact between these formations 

-The base of the Jurassic system is near the Nebraska border in Phillips of it is an area that presumably was nessline in east-central South Dakota. is shown at each station on t he map, termined by the total of detrital probably eolian, advancing from theGULF COAST RFXHON and the underlying Moenave (or "\Vin­Many individuals and organizations easily recognized in central and western occupied by Jurassic seas. The thick­ On the other hand, data indicating the but isopach lines were not drawn components (in percent). County, they rest on beds of Leonard nortli or northwest.gate) formation is used as the boundaryhave generously contributed informa­ The rocks beneath the Jurassic sys­ Montana where the Middle Jurassic ness of Jurassic rocks increases to the western limit of deposition are lack­ because of the small number of control 2a. If detrital components exceed No data are available to indicate{Permian) age. between systems, although it is recog­tion in the form of measured sections, tem in the Gulf Coast region are Sav,rtooth and Piper formations un­ south, as shown on the isopacb map; ing. This limit probably did not extend points and the unreliable or incom­ 60 percent, the proper vertical column whether mountains in central Nevada,Kansas and Nebraska, unils under­ nized that such a lithologic contact well-log data, and other detailed rec­ poorly known. Only around the north­ conformably overlie beveled Paleozoic the position of maximum thickness, as far west as central Idaho (C. P. plete nature of the data. From San is determined by the proportion of almost certainly developed duringlying Jurassic.-Formational bound­ quite certainly does not coincide with ords that were necessary for the suc­ ern periphery of the Coastal Plain, formations. In northeastern Montana however, has not been ascertained Rm,s, oral communication), Francisco Bay south to Los Angeles a sandstone to mudstone (includes silt­ Early Jurassic time, were present whenaries within the Triassic and Permian time planes across the area and that cessful preparation of this folio. The where they have been penetrated by and western North Dakota, the because Jurassic rocks lie below depths Jurassic rocks in South Dakota number of points are shown where stone and claystone). sequences underlying the Jurassic are the Aztec and Navajo sandstones werethe age of the Kayenta, and even partlist of names on the locality index wells, is information available. There­ boundary between the Jurassic and yet penetrated. thicken uniformly toward the west. Jurassic deposit..o; are absen t beneath 2b. If detrital components are less forming. The presence of these moun­recognizable with varying degrees of of the Navajo, may be older than isindicates those to whom the project fore, present knowledge concerning Triassic systems is subject to disagree­ Different amounts of erosion be­ In the western part of the State in Cretaceous or Tertiary rocks. No in­ than 50 percent, the proper column is tains is implied by conglomerates in theassurance for different areas. In west­ now recognized. is so indebted. This folio would be them is restricted to a relatively nar­ ment. A unit comprising red and green tween the deposition of contiguous a narrow north-trending- belt the rocks ferred original limit of deposition is ascertained by the proportion of car­ Dunlap formation of western Nevada ern Kansas, contacts between Permian incomplete, however, if the names of row, semicircular belt extending from UTAH AND WESTERN COLORADO mudstone and interbedded dolomite formations and also at the close of the are considerably thicker than in adja­ bonate (limestone and dolomit e) to units, shown on this map, are deter­ shown, hO\vever, because of the diver­ (Ferguson and Muller, 1949, p. 9), but 
those who contributed most exten­ Alabama to east Texas. or gypsum is included by some geolo­ Jur.assic period, are suggested by the cent eastern and western areas. This sulfate (anhydrite and gypsum). mined on the basis of key beds of Throughout Utah and much of west­ sity of opinion as to whether .Jurassic detailed correlation with formations to 
sively were not also mentioned here. Igneous rocks of unknown age under­ ern Colorado,Jurassic rocks are under­ gists in the lower par t of the Piper isopach lines, especially along the belt is not apparen t, in fo r mations dolomit e, anhydrite , and sandstone sediments were deposited there and 3a. When detrital sediments com­ the east is as yet impossible.

Applin, P . L. and E. R., U. S. Geo­ lie Jurassic strata in the central part of lain by rocks of Triassic age. In formation-an interpretation adopted northern and western or shoreward underlying the Morrison, so must have within a section of red beds (Moore subsequently eroded or were never prise 50-80 percent of a section, the Upper boundary of Interval A.-The
logical Survey, Jackson, Miss. the Gulf Coast region in many wells. central Colorado, however, as shown in this folio. Other geologists, how­In margins of accumulation. Numerous formed during Interval D. Its western deposited. upper half of the third horizontal row Navajo sandstone, throughout essen­et al., 1951, p. 36). Nebraska to the 

Bass, N. W., U. S. Geological Sur­ Whether additional Jurassic strata on plate 2, Triassic rocks are absent, ever, believe the unit to be part of the small indentations in the zero and edge nearly coincides with the present fa used if carbonates exceed sulfates; tially all of the area in northern Axi­north, however, changes in facies and vey, Denver, Colo. underlie these bodies is not known. and Paleozoic and Precambrian rocks Spearfish formation of Triassic age, low-numbered isopach lines probably anticlinal axio:; of the Black HillR. LlTHO~'ACIES MAPS AND the lower half, if sulfates exceed zona in which it occurs, is overlainthe presence of many anhydrite lensesCallaghan, Eugene, and associates, Structura1 relations in the Gulf directly underlie Jurassic strata. A thus extending considerably westward are the result, of local erosion. The West of the South Dakota trough SUHDlVlSIONS OF THE carbonates. unconformably by the Carmel forma­
New Mexico Bureau of Mines Coast region also are far from clear, make difficult the recognition of the northwest-trending belt of Paleozoic the areal distribution of Triassic rocks. original shoreline may have been 50 and through most of eastern Wyo­ JURASSIC SYSTEM Sb. When detritals comprise 20-50 tion. The magnitude o( the hiatus is 
and Mineral Resources, Socorro, owing to insufficient data.Whether the Kansas Permian formations. For this rocks is flanked to the northeast and to 100 miles landward from the pres­ ming, Jurassic rocks are considerably In this folio, the Jurassic system is percent of a section, the upper half of undetermined, for although a Late 
N. Mex. Appalachian and Ouachita orogenic Nl:VADAreason, no attempt is made to differen­ southwest by Precambrian rocks. The ent 0-isopach line, but traces of it thinner than in adjacent area8 to the subdivided into lour parts designated the second row is used if sandstone Jurassic (Callovian) ag1:;, according

Childs, Orio, Phillips Petroleum Co., belts, for example, connect or cross tiate Permian units there. Even the central part of this belt is now occu­ Jurassic strata in Nevada are under­ have been completely removed by east, west, and north. Much of eastern Intervals A, B, C, and D (tables 1 exceeds mudstone; the lower half, if to Imlay (1952a), is established for the 
Denver, Colo. (King, 1950, p. 666-668) is not known, pied by Precambrian rocks (stippled Permian-Triassic boundary is difficult lain by rocks of Triassic age wherever post-Jurassic stripping. Wyoming, therefore, probably was a and 2) because they do not corre­ mudstone exceeds sandstone. upper part of t he Carmel of this area, 

Chronic, John, University of Colo­ although P. B. King (written com­ area on plate 2) but during Early they have been studied, suggesting relatively stable area during most of spond precisely to any recognized time to recognize because strata of both the age of the uppermost Navajo
rado, Boulder, Colo. munication) believes that available INTF.RVAL A (PL. 4) Jurassic time Paleozoic rocks may that no appreciable crustal movement Jurassic time, A similar but somewhat or rock units. This fourfold subdivi­ deposits is unknown. The contact be­

Clark, L. W., U.S. Geological Sur­ data suggest a connection. lJ:,'ormetion names ~hown in italics are thosf! have been exposed there. In south­ and only slight erosion, if any, took Jurassic rocks in northern Mexioo smaller area is east of the trough in sion has been chosen as the most that have not yet been adopted by the U. S. Interval A, as used in this folio, is tween the two units, however, is easy
vey, Menlo Park, Calif. Alabama and 1l1ississippi, units un- Geological Sur,;;ey. western Colorado, Jurassic rocks over- place between Triassic and Jurassic and adjacent partR of Texas range in South Dakota. practicable for t he preparation of litho- the lowest of four divisions of the to recognize in most places. 

• 
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UTAH ANU WESTERN COLORADO collected by W, R. Wagner and dated that in the Entrada is present at the the south in New Mexico. Sediments Creek limestone and Preuss sandstone rated, however, and their strata may naceous shale unit, about 250 feet centages of limestone in most of the the questionable area - a strong sug­ rite basin with that of the Curtis sea 
Formations included.-The B. all Kayenta by J, R~eside, Jr. (written com­ base of the overlying rock sequence. of the Carmel and Entra.da are in Idaho and western Wyoming, the be approximately equivalent (Imlay, thick, which is asso_ciated with several thick , seaward deposits and consider­ gestion that the region of marine across the northeast corner oi Arizona. 

formation and Navajo sandstone munication); the other collection, from In Nebraska the contact between :fine grained, and t here seems no reason Gypsum Spring formation and the 1952a, p. 967-969). Moreover, the hundred feet of acidic volcanic rocks able proportions of anhydrite and red accumulation to the north was once A second possible connection is be­
the Mount Vernon quadrangle (local­ strata of Interval B and those of the to consider that an uplift of moun­ Gypsum Spring formation, according represent Interval A in central and lower part of the Sundance in eastern (Livingston, 1932, p. 33-34 ). Farther beds in intermediate areas. Moderate continuous over this area. tween the evaporite basin of New 

a ity 16), consist.s of fragmented am­ overlying interval is considered to be tainous proportions occurred at this Wyoming and western South Dakota. to some geologists (Love, written com­southern Utah and both extend few to the north and northeast in western proportions of limestone are in many Upper boundary of Interval C. - East Mexico and the similar basins of 
time. The area must have been ex­ munication), pinches out near the miles into southwestern Colorado. monites collected by T. P. Thayer at the top of the Lak member of the Although the Gypsum Spring forma­ Idaho (locality 23, 24, and 25) shales, near-shore areas, suggesting an ab­ of the Front Range of Colorado the western Colorado, which in turn may 

South of the Uinta basin of north­ and assigned an "Early Jurassic(?)" Sundance formation. Where that mem­ posed sufficiently to furnish a very tion is not commonly distinguished in Wyoming-Montana border, north­ phyllites, and schists that make up the sence of nearby sources of detrital mat­ boundary between rocks of Interval C have had an outlet to the Curtis sea 
considerable amount of detritus, ward from the type locality, Rocks eastern Utah ("Jurassic not reached age by R. Vl. Imlay (written com­ ber is absent, the contact is placed at southeastern Idaho and southwestern upper member of the Lucile series may ter and conditions of quiet deposition. and the overlying rocks of Interval D, farther west. A third possible connec­

by drill" area) the relations and munication). the top of the Hulett sandstone mem­ however. Wyoming, it is represented by red from the subsurface in Montana have be equivalent in part to the fossiliferous These broad relationships appear as recognized in this investigation, is tion is northeastward from the present 
shale Upper boundary of Interval B.-The descriptions for the Southwest region Washington formations included. - ber. The Redwater member of beds and brecciated limestone in the beeh calied Gypsum Spring and are unit near Mineral (Cook, 1954, p. 4 ), on sections D-D' and E-E' west of the a key stratigraphic horizon. This San Juan basin area to the large 

are applicable. No rocks of definite Early Jurassic the Sundance formation is the over­ top of Interval B in Arizona and New basal part of the Twin Creek limestone. shown to underlie Piper limestone; but because the correlation is very present Mississippi River, but they horizon has long been used by petro­ evaporite basin of eastern Colorado 
In northwestern Colorado and age have been described from Wl;lsh­ lying unit. Mexico, as recognized in this folio, is Rocks of Interval 13 in South Dakota they probably should be assigned to tentative these rocks are not shown on also seem to prevail in areas to the leum geologists, but has not been which apparently had, at its northern 

the upper boundary of the Entrada are difficult to correlate with confi­ the basal part of the Piper formation northern Utah, Interval A is repre­ ington. The only formation possibly any but t he total thickness map of the east, judging from the very few avail­SOU'I'HWEST REGION referred to in print until recently. It is end, connections with the "upper
of this age, as far as known, is a lime­ sandstone. In some places this bound­ dence because of facies changes, and (Imlay et al., 1948). sented by the Navajo, or Nugget, Jurassic. able data. located at the top of one or more very Sundance" sea (pl. 6).Format.ions included and thickness 

sandstone. Problems of terminology stone (S. L. Glover, written communi­ ary is arbitrary, as along the south­ their eastern limits are not accurately In Iiortheastetn Montana, the name W ll.'Shington formations included. - WEST TEXAS thin beds of chalcedony that are Detrita1 rocks of Interval C show a
trends.-Interval B is represented by 

cation) in which an ammonite of west borders where primary structures known. The wide spacing of wells in Gypsum Spring formation has been Predominantly volcanic rocks of and correlation of the Nugget sand­ believed to be restricted to a constant transition eastward from all sandstone
the Entrada sandstone in northern Rocks of Oxfordian age (Interval 

on Jurassic in stone are discussed in the section Triassic or Early age was the Entrada resemble those of the t hat area result.-, in a sparsity of data. used for rocks that have also been Middle .Jurassic age, named t he stratigraphic position over an exten­ in Arizona to a belt containing mostly 
New Mexico and by t he Carmel for­ C ), although present in northern 

paleogeology (lower boundary of found (Waters and Krauskopf, 1941, overlying Cow Springs sandstone, and As a result, members of the Sundance called Gravelbourg and Davidson, The Harrison Lake formation, have been sive area. The chalcedony is red or sandstone but 20 to 50 percent mud­mation and Entrada sandstone in Mexico, have not been reported by 
p. 1366). in parts of northeastern Arizona where formation as recognb:ed in the Black age of these rocks and their relation described on the west side of Harrison Jurassic system), Wyoming . white in most places, but locally is of stone (western and southwestern partsnortheastern Arizona. The southern local geologists from nearby areas in 

Significance of map data.-The lim­ the silty facies of the Entrada is simi­ Hills (Imlay, 1947, p. 232-234) can be to the Gypsum Spring formation in Lake in southern British Columbia by other colors. Thickness trends.-A general trend of the San Juan basin, New Mexico),limit of these deposits forms a line west Texas. The strata in northern Significance of chalcedony bed. -of increasing thickness from Colorado ited information available makes at­ lar to the overlying Summervil1e recognized in wells only a short dis­ Wyoming have not been established. Crickmay(1930b), and a patch of this and farther east to a belt of over 50 running approximately east-west Mexico consist of 3,000 feet of sand­ Usefulness of the chalcedony as a timewestward to central Utah is notably tempts to outline the areas of Early (Harshbarger et aL, in ptess). Also, tance east of the outcrop aJ'ea. A pink Although the rocks may be older than formation is shown on the north edge percent mud.stone ( eastern and south­across New Mexico, slightly north of stone, mudstone, and limestone and 
Jurassic sedimentation in the West in central New Mexico the Entrada mudstone, recognized in many wells, those of the Piper formation, they are of American Sumas Mountain in indicator was suggested when its per­modified at one place on the Colorado­ eastern parts of the San Juan basin ). 

the center, but in Arizona the line areas.signed to the La Gloria formation. 
Coast region inadvisable. Apparent sandstone is recorded as having an is used in this paper for correlation tentatively assigned to Interval B in northern Washington (locality 7). sistent occurrence at the top of, or

Utah boundary, near the southeastern This change in facies probably is best 
swings northwestward. Deposits in the The shoreline of the marine Mexican 

intertonguing relationship with the this folio. FR1'ther to the east (locality 6), Peter immediately above, anhydrite deposits 
margin of the Uinta Basin ("Jurassic absence of these rocks over much of with the Lak member in the lower part explained as the result of extensive

basin north of this line have a maxi­ embaym.ent during Interval C prob­
California, Oregon, and Washington Todilto formation above (Silver, 1948, was noted in many well-sample logs 

not reached by drill" area ). From this of the Sundance. In other we1ls a In the Dakotas, t he name Gypsum Misch (written communication ) has sand deposits, considered to be eolian, 
mum thickness of more than 800 feet ably nearly paralleled the present Rio 

may be and probably is due to non­ p. 77; Rapaport et al., 1952, p. 27 ). Spring formation is used for rocks tentatively correlated a thick sequence in eastern Colorado. The stratigraphic 
area of constricted isopach lines, south­ conglomeratic sandstone, underlying being introduced from the southwest

about midway along the Arizona-Utah Grande above the Big Bend. 
deposition; however, in many places On the other hand, contacts are sharp gJauconitic mudstone and sandstone, correlative with the Piper formation. of ande.ites, andesite breccias, and value of the chalcedony has been 

ward along the eastern limits of de­ to form the Cow Springs and Bluff 
boundary. This area appears to have corroborated by independent studies 

posits of Interval A, the Kayenta rocks of Early Jurassic age were de­ in areas where the SummerviJle rests is considered equivalent to the lower Rocks assigned to the Sawtooth for­ some intercalated sediments that MIDCONTINENT REGION sandstones, which intertongue to thebeen at the southern end of the axis on the lithologically distinct sandy mation by some geologists are in­ underlie the Upper Jurassic and Lower of Ogden (1954, p. 914)and of Merriam 
than and either have not been of the Sundance and permits formation extends farther east posited part Rocks included.- Strata of Interval east and northeast with water-laid

of a trough that was transgressed by
recognized or have been removed by facies of the Entrada, and where the tentative correlation. cluded in the upper member of the Cretaceous Nooksack formation, with (1955, p. 38). Whether the beds repre­does the Navajo sandstone. North and C are more extensive east of the Colo­ deposits of the Summerville formation. 

the sea during Carmel deposition. De­
erosion. Further, it may be inferred Todilto limestone rests on the silty Thickness irends. sent the top of Interval C or the base-Rocks of Interval Piper formation Crickmay's Kayenta, the h¥ others (Imlay Harrison Lake formation. south of this wedge of rado Front Range than has generally Deposits of Summerville formation,

posits of this time interval are, in 
that in this region of apparently in­ facies of the Entrada (Harshbarger et B increase in thickness from east to et al., 1948 ). Significance of available data.-A of the Interval D is uncertain, but in 

Navajo sandstone forms lobes that been recognized. In many places de­ formed largely of siJi.<; in the lower part 
general, progressively thinner east­ aL, in press). Thickness trends.-Rocks of Juras­ regional picture of distribution, general this work t hey are assigned to the tense, local tectonic activity and vol­ west across South Dakota and Wyo­project beyond the eastern margin of trital rocks, considered in this paper and sands above, appear to have been 
ward and, across the eastern half of canism, the distribution of these rocks mi.1:ig, attaining maximum thickness sic Interval B are absent in a small thickness, and lithology of rocks in­ older interval. The basal part of the

the underlying Kayenta formation. New Mexico, they form a broad sheet UTAH AND WESTERN COLORADO to be representative of the interval, derived from the southeast for they 
Would be patchy. To project limits of in a north-trending belt near the area in central Montana, but they cluded in Interval Bin the West Coast Morrison formation, which consists of 

Lithofacies trends.-In the area of previously have been assigned to the cover a surface that drained toward a
of sediment less than 100 feet thick. Formations included.-Interval B Wyoming-Idaho boundary. Complex surround this area and increase in region can be based on sketchy evi­ lenticular sandstone in some places, 

constricted isopach lines, where the deposition over areas of hundreds or overlying Morrison formation; in other marine basin (Curtis formation ) in 
Lithofaci.es trends.-Trends on the consists of both the Carmel formation thickness away from it. ln an easterly dence only. The most obvious general­ but elsewhere mudstone, is recognized thousands of square miles, therefore, structural relations exaggerate the Kayenta formation is the sole repre­ places, gypsiferous deposits in similar Utah to the northwest. The upward 

1ithofacies maps (pl. 5) indicate that and Entrada sandstone in the southern direction, in northeastern Montana ization to be drawn from available as resting on chalcedony throughout on the basis of one or two outcrops rate of westward thickening in this sentative of Interval A, lithofacies stratigraphic position have been in­ increase in sand probably indicate. the
sections consist almost exclusively of half of Utab. Although the Carmel most of t he region.

patterns reflect a relatively large pro­ where Lower Jurassic rocks have been belt; sediments originally deposited in and northwestern North Dakota, they data is that volcanism was active, cluded in the underlying Lykins for­ effect of a progressive northwest ward 
sandstone along the southwestern and formation underlies the Entrada sand­ areas tens or hundreds of miles apart attain maximum thicknesses of 800 certainly in a large part of California, Evidence concerning the age of the 

portion of mudstone in the section. identified, is unwarranted; hence the mation. Where rocks of this unit have fiJling of the basin under regressive 
southern margins of the region and stone for a short distance into Colo­

Lower Jurassic map, and subsequent are now piled upon each other in west­ feet. The dominant orien tation of iso­ in western Tdaho, and probably in chalcedony beds is meager. T he only 
Elsewhere the Navajo sandstone domi­ been distinguished from t he forma­ conditions. 

across most of northern New Mexico. rado, through most of western Colorado dipping, imbricate, thrust sheets. Pres­ pach lines in western Montana is southern Orego n and northern Wash­ fossils found in them are some well­
nates and the pattern shows sandstone lithofacies maps show only those local­ tions above and below, many different Upper boundary of Interval C. - The

There is a notable increase in amount the Entrada sandstone alone repre­ities where rocks of corresponding age ent spatial relations, therefore, are east-west and appears to be related ington. Thousands of feet of basic preserved charophytes reported by 
as the chief constituent in rocks of names have been used for the same contact between the Morrison and

of mudstone farther north in Arizona, sent..,;; the entire interval. In central have been specifically dated. For the abnormal. to the interred island. lava, tuff and agglomerate, graywacke, Peck (G. R. Scott, written commu­
the interval. sequent.'€, for example, Curtis, Ral.slon, Summerville formations is considered

immediately west of the Arizona-New Utah most of the Arapien shale Lithofacie.c; trends.-Limestone is the argillite, and chert accumulated in nication ) to be closely related to
Upper boundary of Interval A.­ above reasons, "O thickness" points A minor trend in isopach lines, ap­ Summerville, Sundance, Todilto, and to be the boundary marking the top of

Mexico State line. This increase cul­ (Twelvemile Canyon member and parent where rocks of Interval B have dominant rock type represented by central and east-central California; the European species Glavator peaki Interval C throughout much of north­Except in northwestern Colorado the are not indicated on the map for Wanakah. Those strata in western minates in the Carrizo Mountain area lower pa.1't of the Twist Gulch mem­ and several thousand feet of andesitic of Kimmeridgian age, and some un­
Navajo sandstone is overlain by the Interval A where the rocks are not a thickness of 200 feet or les.s, as in Interval B in Montana and North Kansas described by Merriam (1955, western New Mexico and northeastern 

in extreme northeastern Arizona where ber) represents Interval B. The Twin rocks probably were laid down in diagnostic fresh-water gastropods, all known. In most places such figures eastern Wyoming, shows an east-west Dakota, though mudstone is abundant p. 32) as the "lower unit of the Arizona. ·where Interval C is repre­Carmel formation or its equivalent, locally there is more mudstone than Creek formation and the Preuss sand­would be misleading. preferred orientation. The significance in a few places. Although quantita­ Washington during this time also. The from the vicinity of Kassler, Colo.
and sented by the Cow Springs sandstone the boundary is easily recognized. Morrison formation" also are corre­sandstone. The increase in percentage stone are included in In terval B in of this t rend is not aR yet understood. tively unimPort..ant and largely masked limits of Lhis eugeosynclinal area, how­ Stratigraphic evidence, on the other instead of the Summerville, however , In northwestern Colorado the Entrada lated with rocks of this interval.

INTI,;11.VAL B (PL. 5) of mudstone is explained, in part, by northern Utah. Lithofacies trends. -Belts hand, suggests an earlier age for t he of similar by more abundant rock types, con­ ever, cannot as yet be defined. in the southern and southwestern parts sandstone rests upon the Navajo, and Several distinct facies are recog­the presence of the argillaceous Carmel Thickness trends.- In central Utah Volcan ic rocks in the Jurassic chalcedony. It has been recognized in 
selection of a boundary between them Interval B is the second from the rock percentages, as shown by the siderable sandstone is in t he Sawtooth nized in rocks assigned to Interval C of the Navajo Reservation, Ariz., the

formation here, but not in New a deep trough developed during 
base of the four divisions into which lithofacies symbols on plate 5, parallel formation of the Sweetgrass arch in sequence of western Idaho indicate the upper part of the Sundance forma­

east of the Front Range. Their ap­ boundary problem is serious becauseis difficult. Where no selection was Mexico. Even more significant, how­ Interval B, as shown by isopach lines the Jurassic system has been divided isopach lines. In western Wyoming northwestern Montana (Cobban, 1945, that this area was part of the eugeosyn­ tion (Interval C) in the Laramie basin 
made by the author of a measured proximate time equivalence has been the Cow Springs is equivalent in age 

ever, is the distribution of facies in t he on plate 5. More than 5,000 feet of It they trend generally north; in eastern p. 1270-1277 ). This sandstone is sig­ cline that included most of the West (Pipiringos, 1953, p. 38) and in the to both the Summerville (in part ) andsection, and where adjacent localities in this folio. is considered in established through the tracing- of aEntrada sandstone (Harshbarger et sediments were deposited iri north­ Coast region and much of western upper part of the Redwater shale
indicate the probable presence of broad terms to span the time repre­ Wyoming and South Dakota, approxi­ nificant because of its distribution distinctive key bed at the upper the Morrison formations. In such 

al., in press ). Throughout most of central Utah. The thick section ex­ mately east. Regional changes in the around an area in which rocks of Nevada. Furthermore, they suggest member, Sundance formation, in the boundary the to the unit. Evaporitf'~<:; either Navajo contact has sented by the Bajocian, Bathonian, areas, the assignment of strata sandstone, of ­New Mexico it is represented largely tendssouthward to south-central Utah, thickness of various rock units, rather Interval Bare absent, suggesting that volcanism possibly related to emplace­ center of the Nebraska Panhandle. interval for t he purpose of preparingbeen projected from nearby loca1ities, and Callovian stages of the European anhydrite and limestone-comprise or entirely by the "upper sandy mem­ gradually thinning to about 1,000 feet than changes in faeies within units, are an island persisted in that area and ment of the Idaho batholith. Moreover, in western Kansas the chal­ isopach and lithofacies maps is done and the resulting thicknesses have classification. much of the unit \\."ithin the Denver ber" and in the western part of the near t he southern end of the belt. During Interval B, sediments accu­ responsible for most east-west litho­ was a source of detritus. Sandstone cedony appears to be more closely by projecting the boundary frombeen tentatively assigned to the ap­ INTERYAL C (PL. 6) basin and southward to the N c~w Arizona outcrop area by the "lower Eastward from the trough, rocks of mulated in all of the principal Jurassic facies variations in Wyoming. North­ also is present in border areas of south­ related to the anhydrite than to over­propriate unit. Mexico boundary, Arkosic conglom­ areas where it is established and assign­
sandy member" whereas between Interval B are spread in a thin sheet During the third and next to highest lying detrital beds of the Morrisonbasins and geosynclines (table 2 ). In central Wyoming, for example, has a eastern Montana, southwestern North erate of equivalent age is the domi­ ing appropriate proportions of the 
these areas, the "middle silty mem­IDAHO ANU WYOMING across eastern Utah and western the Gulf Coast region, strata tenta­ high percentage of gypsum in the Dakota and near the eastern limit of interval (C) into which the Jurassic (Merriam, 1955, p. 32), For these nant lithology at Canon City, Co]o. , formation to each interval. 
ber" prevails. Colorado. As indicated on plate he this Gypsum Spring formation. This in been tively assigned to consist 5, t rock deposition North Dakota. Evapo­ system has divided in this folio, interval reasons, the chalcedony beds are con­Formation induded.-Interval A is but eastward from there, the section In the central and eastern parts of 

Origin and source of sediments. - present limit of the Entrada sandstone is also in western Wyoming, but it is rites occur throughout eastern Mon­ sedimentation was extensive, and sidered uppermost deposits of Interval represented in southeastern Idaho and largely of evaporites and attain a contains increasing amounts of gyp­ northern New Mexico, there is con­
Principal events in the history of may nearly correspond to the original masked on the lithofacies map by the tana and in North Dakota in the lower basins and geosynclines were active. C in this folio. southwestern Wyoming by the Nugget maximum of more than 3,000 feet. sum (Lawrence Ogden, written com­ siderable question whether t he 
Interval B in northern Arizona and limit of deposition in central Colorado. proportionately more abundant lime­ and upper units of t he Piper forma­ Rocks of this interval, for the most The chalcedony beds extend fromsandstone. The formation consists Throughout most of the Western In­ munication). Mudstone and marlstone Summerville formation (Interval C)
New Mexico are indicated in the east­ Lithofacies trends.-Lithofacies pat­of terior basin, although sedimentary stone and mudstone of the overlying tion. part, correlate with the Oxfordian northwestern Nebraska through west­mainly red and gray, thick-bedded, aJ'e the principal constituents of the is represented by some of the detdtal 
west section (fig. 1 ). The suggested B are terns for Interval B in Colorado and stage in Europe (table 2). ern Kansas and eastern Colorado, cross-stratified sandstone. In a few deposits of Interval relatively Twin Creek limestone. The island in central Montana ap­ facies farther north at Ralston Creek, rocks currently assigned to the Morri­
interpretation is that deposition (Car­ eastern Utah contrast with those in A relative increase in the proportion parently supplied relatively littl e de­ Sedimentary rocks of Interval C southward into westernmost Okla­places, mudstone interbeds are in the thin, they include both continental Colo., (LeRoy, 1946, p. 47-51; Yan son formation. On the east side of the 
mel formation) began in the extreme cent..ral and southwestern Utah (pl. fi). of sandstone in southeastern Wyoming tritus to the surrounding seas during include thick marine deposits accumu­ homa, northwestern Texas Panhandle, lower part of the formation, as in the and marine strata. In the West Coast Horn, written communication), and San Juan basin (Rio Arriba County),
western part of the present outcrop The Entrada sandstone dominates in reflects stratigraphic overlap, rather Interval B-an indication that it prob­ lated in an off-shore environment in and northeastern New Mexico. They southwestern part of the Wind River region, thousands of feet of lavas, oolitic limestone occurs still for instance, no Summerville depositsfarther area where sinking along the axis the eastern area, and marine shales than facies change in a single strati­ the Gulf Coast region, extensive marine may extend as far south in New Mexico Basin of western Wyoming (Love tuffs, and sedimentary materials, typi­ ably was relatively low. This island records north. limestone has are recognized in subsurface This been re­allowed marine waters to advance and limestones of the Twin Creek graphic unit. The lower members of et al., 1945b ). cal of a rapidly sinking eugeosyncline seems to have restricted marine circu­ and continental deposits of the Western as Tucumcari (Quay County), for 

ported by Pipiringos (1953, p. 34) in although this formation is moderately 
southward across an expanding basin formation, Arapien shale,and Carmel Interior basin, and a thick sequence of siliceous deposits near the base of the In southeastern Wyoming and and similar to those of the preceding the Sundance formation, dominant ly lation during the early and late parts "member B of the Sundance forma­ thick on the opposite side of the basin,
in Utah. Meanwhile muds were trans­ formation control the Jithofacies pat­ of mudstone, terminate to the south­ of the interval. The present trend of geosynclinal materials in the West Morrison formation t hat are described southwestern South Dakota, sand­ Interval A, continued to form. tion" in the southern Laramie Basin Further south in the Laguna-Lucero
ported northward across Arizona into terns in the western area. east, whereas the top member (Lak ) isopach lines, from which the shape Coast region. Deposits of a Mexican from that area (Dobrovolny and Sum­stone beds at the base of the Jurassic on the Colorado-Wyoming border and area, the Summerville may have

GULF COAST Rli:GION this basin, accumulating in ponds and Upper boundary of Interval B, -The of the lower Sundance formation of the island is inferred, may reflect seaway at this time accumulated close merson, 1946 ), are possibly correla­section formerly were assigned tenta­ by James Mitchell (writ.ten communi­ correlative units in the" buff shale and 
lagoons marginal to the sea, or per­

tively to the Nugget sandstone ( e.g., Formations included. - top or the Preuss sandstone in the (Pipiringos, 1953, pl. 1 ), a sandstone post-Jurassic erosion as well as initial to the border of the United States Formations tive. In a few localities, the chalcedony cation) from the vicinity of Greeley in brown buff sandstone members of the 
haps, as suggested by Harshbarger north and the top of the En trada sand­ adjoining west Texas. Imlay, 1947, p. 229), but they now are assigned to Inter val Bin this folio are correlative with the Entrada sand­ deposition. beds are absent, making difficult the Weld County, Colo. Other distinctive Morrison formation" described by
and others (in press, fig. 29), within stone in the south, except as noted stone to t he south, extends acros.s this Upper boundary of Interval B.-In Marine deposits of the Western the boundary betweenconsidered to be Sundance Werner, composed of red beds and recognition of a part of the facies of this interval are marine mud­ Kelley and Wood (1946). In Quay 
the sea itself. below, have been taken as the upper anhydrite, and the overlying Louann, area. Montana and North Dakota, the upper Interior basin are the result of a major Intervals C and D. Also, locally, prob­formation of Interval B (Love et al., stone in the Nebraska Panhandle, County of eastern New Mexico, it

boundary of Interval B is considered transgression of the sea across thi:-; a Unfortunately lems 1949; Imlay, oral communication). thick salt deposit. the involving the distinction between traceable northward into rocks of the may be represented by the deposits 
age of these formations is far from Black Mesa Eastern San Juan basin to be at the contact between the· area from the north. The extent of the bedded chalcedony of Interval C and Unlike the Nugget, which thickens Redwater shale member, Sundance immediately below the chalcedonic

I Rierdon and overlying Swift forma­ sea's advance was comparable to that detrital fragments of chalcedony in westward, the sandstone beds increase certain and data concerning their Q' I ARIZ. N. MEX, \ formation, in the Black Hills, and the beds in the Morrison (Dobrovolny and 
thickness and lithology are scant. tions. In central and western Montana, during Interval B and, like it, covered conglomeratic beds of the overlying in thickness toward the east and do 

.,, 
alternating sandstone and mudstone Summerson, 1946) as suggested by 

Estimates on the age of the Werner ro "Upper member" this contact is readily recognized. In major parts of the basin. During early Morrison have been encountered in not fit into a logical regional pattern roo' sequence of Cimarron County in north­ stratigraphic relationships in eastern
the Williston basin of eastern Montana stages of this interval, widespread well samples. 

with the Nugget. and Louann formations are based on ~ western Oklahoma. Colorado to the north.
evaporite deposits accumulated in Wide lateral distribution and limited

Map trends.-In the southeastern physical features and on t heir rela­ 200' c and North Dakota, however, there is w Included in Interval C are some 
shallow waters south and east of the stratigraphic range of the chalcedony UTAH to other rock units, for no considerable disagreement on its posi­ AND WESTERN COLORADO

corner of Idaho the rocks of Interval A t ions fossils Carmel sandstone beds of unknown age in
marine areas. beds, as suggested by Ogden (1954, p.

are 2,000 feet thick, but they thin have been found. These units, along 300' tion. The top of a calcareous, gray­ south-central Nebraska ( Furnas Formations included.- In nor t h­
916 ), may be the result of volcanic

northward a with the and green mud.stone beneath the Vanguard and eastward to feather overlying Norphlet the GULF COAST REGION County) and in adjacent parts of western Colorado the Curtis formation
400' ash deposition. The volcanic origin of 

edge in central Wyoming. This thin­ under1ying Eagle Mills (restricted ) sandstone is used by many geologists Formations included.-Four forma­ Kansas. These rocks underlie evapo­ represents Interval C. Locally in west­
these beds has not yet been estab­and is adopted in this folio. Another ning may be due either to subsequent compose the Eagle Mills formation as rites recognized as part of Interval C. central Colorado, the Wanakah forma­

500' tions in the Gulf Coast region are con­ lished through petrographic study,described by Imlay (1940, p. 8-15; interpretation places the boundary t ilting and beveling or to less deposi­ sidered to belong to Interval C. In They have been referred to by some tion, with the Pony Express and Bilk
0 40 80 120 Mi les but some support for the idea is fur­1943, p. 1422-1440; 1952, p. 973-974). above the Vanguard tion eastward. How closely the present 600' sandstone and ascending ord~r these are the Norphlet, stratigraphers as the basal Jurassic Creek members, is recognized and in

nished by the presence of embayed
limits of the Nugget sandstone coin­ Because the l•lorphlet grades upward below glauconitic sandstone belonging Smackover, Buckner (of questionable sandstone. Because t his sandstone is this folio is assigned to Interval C. In 

quartz crystals. Moreover, montmor­
cide with the original margins is not into t he Smackover of Oxfordian age FIGURE 1.- EAST-WEST SECTION OF ROCKS OF INTERVAL B ACROSS NORTHWESTERN to the Swift formation. Farther east, rank) and Haynesville. These rock separated from the main sheet of southwestern Colorado, Interval C is

illonite and tuffaceous material in the marked facies changes make the known, but because black mud.stone and is separated rrom the Loua.nn by units appear to be closely related Entrada sandstone lying considerably composed of a basal limestone unit, a
NEW MEXICO AND NORTHEASTERN ARIZONA Morrison formation of eastern Colo­boundary difficult to trace. (Fernie formation) to the north is an unconformity, it is considered as lithologic.ally and consist largely of to the west, and in t he absence of data middle shale unit, and an upper sand­

rado (Keller, 1953, p. 103; Mook,
believed to be comparable in age, Late Jurassic by Hazzard and others limestone, mudstone, and evaporites. bearing on its age, the reference of this stone unit. These units are variously 

With the advance of time, sediments boundary of Interval B in Utah and WEST COAST REGION 1916, p. 124) have been attributed to 
never (1947, p In South Dakota, facies changes in sandstone of the Nugget may . 483-503 ). Along the northern margins of deposi­ sandstone to Interval C must be con­ described as the (1 ) Wanakah forma­

of the Entrada sandstone (including western Colorado. Along the Colorado­ volcanoes, and these may well have rocks tentatively assigned to Interval California formations included.­have extended much beyond its pres­ The lower three units included in tion, p Jurassic sidered tentative. tion (Read et al., 1949), (2 ) Wanakah re-Late erosion removed 
Ocate and Exeter sandstones in New Utah State line the uppermost part of been active as early as the time when 

ent margins. the original Eagle Mills are inter­ B involve an eastward increase in the Interval B is well documented at sev­ Thickness and lithofacies varying amounts of these deposits, trends.­ formation and Junction Creek sand­
Mexico ) began to accumulate, and an the Entrada is the Moab tongue, In the chalcedony beds were formed. 

Upper boundary of Interval A. preLerl and proportion -In by Hazzard others (1947, of sandstone. In many eral scattered localities in northern Strata of Interval C have a fairly including a1l of the Haynesville in stone (Craig, written communication),
enlarged basin of deposition allowed areas where this tongue is distinguish­western Wyoming the Nugget sand­ p. 483-503 ) as Permian(?), although places, furthermore, the sandstone is California, particularly in the Potem uniform thickness, ranging from 100 places and both Haynesville and SOUTHWEST REGION (3) Wanakah formation and "white 
them to form a great sheet, consisting able from the main body of the stone, which comprises Interval A, is t hese writerR recognize an uncon­ conglomeratic. formation (localities 34, 116), and the to 200 feet, throughout the Denver sandstone member of the MorrisonBuckner in others. Formations included.-Strata of In­mostly of sand, that eventually covered Entrada, it has been assigned to formity between the Eagle Mills Upper boundary of I nterval B.-In easily distinguished from overlying Mount Jura section (locality 22 ), Correlation of strata within Interval basin and in most of the adjoining formation" (Wood et al., 1948). Theterval C in northern New Mexico are all the marine and marginal deposits Interval C and the upper boundary of much of Wyoming and southeastern red mud.stone, gypsum, and limestone (restricted), at the base, and Werner­ Middle Jurassic fossils have been C is uncertain partly because well data areas (pl. 6 ), but t hey are absent in a name Pony Express is used by mostreferred to as the Wanakah formationof the Carmel, as well as older deposits Interval B placed at its base. Idaho, the upper boundary of Interval of the Gypsum Spring correlative at Louann deposits above. The Eagle found 9,500 feet above the base of the are relatively sparse, especially in the small area in northwestern Nebraska. geologists for the basal limestone unit,in the northeastern part, the Todilto in adjoining areas. The Entrada sand­ In south-central and southwestern Mills (restricted) has some lithologic B is placed arbitrarily at the contact the base of the Twin Creek (Interval Milton formation (locality 4 ), but the thick sections down dip ( toward the Significant trends appearing on the and it corresponds to the Todiltolimestone in the central area, and the stone (section A-A', pl. 5) appears to Utah severa l interpretations of the 

B). Farther east in Wyoming, the support for a Permian age, but the between the red sandstones oI the thickness of sediments deposi ted south). Although many wells have Iithofacies map (pl. 6) include the limestone of New Mexico.
have formed as a series of facies stratigraphic section are possible. Todi1to and Summerville formations

Preuss or Lak units and the overlying upper boundary of Interval A is Werner and Louann, being unfossilif­ during Middle and early Late Jurassic been drilled to the Smackover forma­ distribution pattern of anhydrite and In southwestern Colorado and
Three ctions (fig. 2), in generalized in t west. In the southwest.em andHarshbarger) with se he ("members" of green Stump sandstone or Redwater beneath marine sandstones and mud­ erous and bounded by unconformites time has not been determined. tion, few have penetrated t he entire limestone. These evaporites appear to southeastern Utah, the Moab sand­northwestern parts of the New Mexicooverlapping relations t hat result in a form, serve to demonstrate the various above and below, have yielded no shale member of the Sundance forma­s tones of various Upper Jurassic The Amador group, which is highly unit. Furthermore, in the Haynes­ be concentrated in parallel bands that stone member of the Entrada sand­area, the Cow Springs sandstone and shinglelike development from west to interpretations. They are, from east to t ion. In general, this boundary is formations. These also contrast litho­ proof of their age. They may be Late variable in lithology and thickness, ville-Buckner sequence stratigraphic reflect a change in relative propor­ stone, Summerville formation, andthe Bluff sandstone respectively, in­east. west, (1 ) t he Halls Creek section 

'Nith the Nugget. Jurassic as inferred by Imlay (1952a, readily recognized by a marked color logically crops out in long, narrow belts between relations are obscure, particularly 
1 

in tions of evaporites to carbonates. In Bluff san dstone are assigned to
Sandstones constituting the "lower (locality 32), (2) the Pine Creek sec­ tertongue with the Summerville for­

p. 973-974), or Late Permian as sug­ change. In some parts of central t he Calaveras and Mariposa forma­ east Texa s. Time planes cannot each set of bands, a calcareous facies Interval C. Westward, in south-central
WESTERN NEVADA sandy member" are interpreted as tion (locality 120 ) and (3) the Cannon­ mation. In northern Arizona, the Cow

gested by Hazzard and ot hers (1947, Wyoming, however, it is determined t ions on the western slope of the central be recognized anywhere within this is consistently north of a corresponding and southwestern Utah, the Summer­
eolian, at least in the southwest mar­ ville section (locality 26 ). Springs sandstone is the principal unit 

by an upward change_from nonglau­Lower Jurassic rocks assigned to p. 483-485), or of intermediate age. Sierra Nevada. It.s exact age is not sequence. anhydrite fades-interpreted as a re­ ville formation and Winsor formation 
gins of the area, and the sand appears The Halls Creek section as given by that has been reco gnized , excep t in 

conitic Interval A in western Nevada com­ Map data.-Because relatively few mudstone and limestone to known, but Taliaferro (1943b, p. 284) Thickness trends. - The isopach map sult of calcareous sediments being represent Interval C (see discussion
to have been transported northeast­ Hunt (1953, p. 67) is used in this folio, the extreme northea'stern corner where 

glauconitic and sandstone believes it to extend from late Middle prise two formations separated by a wells have penetrated rocks included mudstone illustrates that deposits of Interval C depo,;i ted closer to the source of saline above on the upper boundary of
ward (Harshbarger et al., in press). without alteration, as a standard for the Summerville is overlain by the 

in Interval B, lithofacies trends can­ (Love et al., 1945b). to early Late Jurassic, and R. W. thicken southward all along the arc wa tern than the anhydri tes. prominent unconformity. The lower Interval B, Utah and western
with the Bluff sandstone. Mudstones of the "middle silty comparison sections to the 

formation, called the Sunrise, is marine not be illustrated on the map and In the Black Hills region of South Imlay (written communication) re­ from Alabama to eastern Texas, reach­ A second trend apparent on the Colorado). In central Utah the CurtisThi.ckness oc­member" form a fades composed of west. trends. -The region 
thicknesses are shown as isolated fig­ Dakota, the boundary between ports a probable Callovian age for ing a total thickness of from 3,000 to Ii thofacies map (pl. 6) is the increase and is composed of mudstone and and Summerville format.ions and, to Correlation between the Halls Creek cupied by deposits of Interval C is water-deposited sediments believed toures, most of them too incompl ete for Intervals B and C is marked by a dis­ ammonites collected by L. D. Clark limestone; the upper unit, known as 4,000 fee t at the southernmost locali­ in percent of detrital c'Omponents both the north, the Curt.is formation alone, and Pine Creek sections may be made more restricted than that of either thehave been introduced into the areathe construction of isopach lines (pl. 5). conformity that separates t he Hulett from the Amador on the Cosumnes ties for which data are available. The to the east and southeast, near the the Dunlap formationJ consists of both represent the interval. In north­in three ways as shown in figure 3. underlying or overlying intervals (pl. adjoining the Arizona-New Mexico On the other hand, available data or Lak members from the overlying River (locality 12.4). For purposes of continental and marine sandstone, t hickness apparently continues to in­ pinchout of deposits, and to the west, central Utah the upper part of thethe source ication) 6 ). In t L. C. Craig (written commun southeast near Tucumcariboundary from a to he south .show that the zero isopach line forms R edwater shaJe member of the Sun­ t his map the entire thickness of the crease downdip though confirmatory adjacent to the present Front Range conglomerate and volcanic rocks. The Twist Gulch member of the Arapien

Drainage direction at that time doubt­ prefers the version attributed to him (Quay County), N . Mex., strata of 
an arc from Alabama to east Texas, dance formation. Amador is shown where known, recog­ data are not as yet available beyond of Colorado. This t rend suggests Dunlap apparently represents a time shale is assigned to Interval C.in the diagram, but he considers that this time interval have not been dis­less was controlled by the position of concave toward the south and similar nizing that t he unit may include rocks the limits shown (section D-D' in cast sources in two directions. Support for of crustal disturbance and volcanism Thickness trends. -The thickness

the marine trough in Utah. Eastward the correlation by C. C. McFall (Craig, :MONTANA AND NORTH DAKOTA tinguished (Dobrovolny and Summer­
to shoreline trends of later Jurassic that are older or younger than the time Texas ). An exception is illustrated by the thesis of an eastern source is the in that area and is dated as Middle trends of Interval C resemble those of written communication) may be cor­ son, 1946) but may be present. At the from the belt of mudstones, acrossdeposits. Although a thickness of more Formations induded. -Interval Bin interval this map represents. the l{encralized section E-E' in north­ conclusion by Merriam (1955, p. 41) Lias (Muller and Ferguson, 1939, rect. The third correlation, adopted in Interval B (cf. pis. 5 and other 6) with ageographic extreme, in the west­most of New Mexico, relatively pure than 3,000 feet for strata of this age is Montana and North Dakota includes Oregon and western Idaho formations eastern Texas. Thicknesses of forma­ that in western Kansas distribution p. 1621 ). this folio, is a compromise between relatively thick trough in central Utahern and southern parts of the Navajo sandstones suggest that, as in the 

The area which the Sunrise reported from northern Louisiana, this the Sawtooth, Piper, Gypsum Spring, in and included. -Fossils of Middle and early tions as interpreted by Swain (1949, and position of detrital materials indi­these two. is an It not in conflict with p. and a thin sheet of sediments extend­
west, eolian environment may have Reservation, Ariz., these units are 

thickness is incomplete. and Rierdon formations and ~trata Dunlap formationl'> were deposited has Late Jurassic age are found in only one 1216) at station 29 indicate that along cates northwest-flowing streams. available field data, accord ing to ing eastward into Colorado. A belt of
prevailed, though streams may also absent from Jurassic sections. Between 

listed as basal Jurassic. Because the been referred to as the "Luning Em­ Craig, and appears to best fit the area in Oregon (east-central Oregon, the line of that section a lens is present, In northwestern Nebraska, where thick deposits t rends eastward from 
REGION have been locally important agents the two areas, strata of Interval C are MIDCONTINENT 

bayment" of Triassic-Jurassic time i'>opach and lithofacies trends devel­ Williston basin is still in the early de­ locality 1 ), The age of the thick Dothan thinning toward both the present ba­ the lithofacies map shows an absence south-central Ut..ah t.o south-cent ralof transportation. relatively t hin, attaining a maximum 
Formations included and map data. oped in adjacent areas. velopment stage from the petroleum formation in southwestern Oregon is sin ward margin and the shoreward side. of strata belonging to Interval C, two and is considered to have been a Colorado, marking the area in whichBecause distribution and structures thickness of slightly more t han 300 

branch of the rapidly sinking eugeo­ - East of the Colorado Front Range, The Cannonville section as described point of view, problems in strati­ generally considered Oxfordian, and Lithofacies trends.-The lithofacies interpretations are apparent. Either eolian sands cf the Cow Springs, Bluff, of the detrital sediments comprising feet along the Arizona-Utah boundary 
Interval B is represented by a wedge by Gregory (1951 , p. 57) ha., been graphic nomenclature are numerous. hence is not shown on this map, but map (pl. 6) indicates scattered areas this area was a barrier to depositing syncline of the Pacific Coast region and Junction Creek s andstonesthe Carmel formation and Entrada and in northwestern New Mexico near
of Entrada sandstone that thins south­ revised by Bissell (1954, p. (Ferguson and Muller, 1949, p. 8 ), 64) and by Many geologists, on t he basis of well it may be older , in part, as its lower of sand concentration along the shore­ agents and no sediments accumulated accumulated.sandstone indicate a source to the the Colorado boundary. These places 
ward from Wyoming and by a similar Craig (wri tten communication ) as samples, subdivide Middle Jurassic stratigraphic limit is not known. ward margin of the basin. These places there, or, having originally been formed Within this embayment, Lower Juras­ Lithofacies trends. - Sandstones are

south and southwest in Arizona and of maximum thickness reflect an ap­
sic strata attained a thickness of at sandstone, variously called Ocate, En­ shown in figure 4. Correlations between rocks into the Sawtooth, Piper, and Near the town of Mineral in western are interpreted as areas adjoining the across the region, the sediments sub­ dominant in southern Utah and south­New Mexico, elevation of the land in proach toward the axis or center of

trada, or Exet..er, extending across Cannonville and Pine Creek, as pre­ Gypsum Spring formations, in de­ Idaho (locality 22) fossils of "early mouths of streams that introduced sequently were removed. This map least 6,250 feet. western Colorado and grade north­those directions has been suggested. the trough of deposition in Utah. 
southeastern Colorado. Between these f erred by Craig and as used in this scending_order. The type localities of Upper Jurassic" age (Lupher, 1941, large loads of detrital sediments. Also indicates the presence of mudstones, ward into finer grained detrital rocks 

WEST COAST REGION Orogenic belts called Mohavia and Lithofacies trends.-Areas of exten­
areas, in the middle part of eastern folio, are indicated in figure 4. the three formations are widely sepa- p. 265) have been found in a carbo- apparent on this map are high per- probably marine, to the southeast of in northwestern Colorado and centralChico-Shunie have been indicated by sive evaporite deposits (Todilto,

California formations induded.-In Colorado (south of Boulder), the En­ Utah. Another area of dominant sand­Eardley (1951, pl. 13) to the south­ IDAHO, WYOMING, AND Wanakah) that were formed early in 
eastern California (locality 122) J. H. trada sandstone is absent (Heaton, west; a raised area referred to as the SOUTH DAKOTA West------- ±40 Miles-------East West------ ±30 Miles ---- --East stone in northern Utah is shown byInterval C are indicated on the litho­
HaJsey (oral communication, 1954 ) 1939, p. 1160). At some localities Classification by by the there, Mogol1on Highlands is postulated Classification few control points but itsby Formation s included.-Ro cks of facies map (pl. 6 ). Both gypsum and 
has tentatively correlated a unit of within this middle area (pl. 5 ), sand­ trends are not well established. Evapo­Harshbarger and others (in press) to Interval B (table 2) include the Twin -~ limestone deposits are shown across
predominantly volcanic rocks several stone lenses at the base of the Jurassic :§ the central and western parts of north­ rites are sufficienl,ly thick in central 
thousand feet thick with the Lower have been described as Entrada, but ern New Mexico, but, unfortunately, Colorado and northeastern Utah, to«•---- ± 30 Miles ± 40 Miles _ _ _ ___,,Jurassic Dunlap formation of western the validity of their identification - - - -~---

extension of the limestone unit west­ be evident in the lit.hofacies patterns.
Gregory, 1951 Hunt, 1953Nevada. To the northwest (localities seems doubtful. Regularity of strati­ Js J s .. 

ward to the Arizona boundary is not Elsewhere, rocks of Interval C include -- . 4, 47, 117), the Milton and Sailor fication, absence of typical truncated­ Js apparent. In that area, t.he limestone evaporites, but their presence is 
Canyon formations are approximately wedge cross-bedding, presence of Js Js masked on lithofacies maps by thicker Interval C (Todilto ) is overlain by such a t hick­
equivalent and probably include sev­ interbedded mudstone, and poor size Jw 

----
ness of detrital sedimentary rocks detrital rocks. In north-central Colo­

eral thousand fee t of Lower Jurassic sorting suggest that these sandstones . (Summer ville formation and Cow rado a belt of normal marine oolitic 
Interval Crocks. are not Entrada . They are interpreted .,-," Jw Jw Springs san dstonc )- making the lime­ limestone marks the former extent of 

In a large area in the southern part .,/' as representing local facies of rocks 
--------------------

Ill/I: : :-;-

';~.:..__: stone proportionately so small ioi part marine waters, which may have con­
of the Sierra Nevada (as repres~nted included in Interval C. ✓ ,,,----/ of the total section-that it is ob­ nected with the evaporite basin to theJw by locality 97 ), patches of metamor­ In northwestern Nebraska, marine ~~~

✓/ scured on the map. southwest. 
phosed sedimentary rocks in the grano­ deposits included in the lower part of s(') Jw Je Significance of evaporite deposits. ­ Upper boundary of Interval C. - The Je diorit e massif have been assigned, in ,,✓ 

/ the Sundance formation represent In­ Whether the evaporite basin in north­ base of the Morrison formation is used
part, an Early Jurassic age, though 

/l///llllllf/ 

terval B. Members of this unit de­ --·· eastern New Mexico and eastern as the upper limit of Interval C. In 
no substantiating fos.sils have been scribed by Imlay (1947) in the Black Je Je Colorado was once connected to the southwestern Utah the Morrison for­
found. Lavas and t ulfaceous rocks of Hills of South Dakota cll.n be traced IBI!ill Interval B south with t he basin that extends mation does not extend as far west as 
definite Early Jurassic age have been southward into the subsurface and '!''."!''."!!( Je westward across New Mexico, is not do rocks of Interval C, therefore, 
described both in the Mount Jura can be recognized in wells as far south known . No data are available from Cretaceous rocks rest on rocks of 
area (locality 22 ) and in north-central as the center of the Nebraska pan­ Interval B the critical area north of Sant.a Fe, Interval C. The upper boundary of 
California (localities 34, 116). handle (Morrill County). The south­ :: :: :: , 

nl/lllltlfltll part of which has not been penetrated Interval C is placed at the top of the 
A thick section of the Jurassic(?) ernmost limits of these members llllllllllfltlll --- ·->________ and part of which contains only pre­ 'Winsor formation. Je Aztec sandstone in southeastern Cali­

== 
cannot be recorded accurately. /lll;///11/IIIII Jc Jc 

---
Jurassic rocks. The area of gypsum In north-central Colorado the 

fornia is discussed in its relation to Upper boundary of Interval B.-In accumulation is much more limited Morrison formation seems to be con­
strata of the southwest region. Jc eastern Colorado, the boundary mR1'k­

~~~: 
Location 32 than that of limestone in western and formable with the underlying Curtis 

Orer1on formations included. In ing the upper limit of strata referred Location 32 Hall's Creek Location 26 central New Mexico and, as should be formation. Both the basal Morrison
east-central Oregon (locality 1) some to Interval B is at the top of the Hall's Creek llllllllll,WI 

Cannonville Location 26 expected in a nearly landlocked basin, and the Curtis formation contain in­Jc Jc3,000 fee t of dctrital rocks, the 1v!owich Entrada, Ocate, or Exeter sandstone. Cannonville 

l:::
is concentrated near the central part. terbedded limestone and sandstone 

group, have been dated as middle Through most of the southern Colo­ Jw Winsor Location 120 Correlation according to: The location of t he connection or units. The position of the contact 
Early Jurassic. From t he other two rado region this is distinct, Js Summerville Location 120 boundary ~[ 200· Pine Creek 

This Correlation connections between waters of the between Morrison and Curtis forma­
Pine Creek according to: localities shown on this map (local­ folio as lhe well-sorted sandstone beds of Jcu Curtis ~ 10-0' Location 120 Jl 

L. 
New Mexico evaporite basin and tions and, consequently, of the upper

ities 15, 16 ), fossil collections have these formations are overlain by mud­ Je Entrada McFall This folio Pine Creek marine waters that must have been boundary of Inlerval C, is dependent
tentatively been assigned an Early stones and evaporites of later age. Jc Carmel o· Craig Craig continually replenishing them is not upon recognition of marine limestones 
Jurassic age. One of these collections, Locally, however, difficulties in pick­ easy to determine. Harshbarger and or glauconitic sandstones which are FIGURE 2.-SECTIONS IN SOUTH-CENTRAL UTAH FIGURE 3.- CORRELATIONS BETWEEN PINE CREEK from the Snake River Canyon (locality FIGURE 4. - CORRELATIONS BETWEEN PINE CREEK ing the contact are encountered, for others (in press ) suggest that a strait assigned to the Curtis formation 
15), includes a specimen of Gryphaea in some places sandstone resembling AS ORIGINALLY DESCRIBED AND HALL'S CREEK AND CANNONVI LLE or channel may have joined the evapo- (Baker et al., 1936, p. 19). 
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IDAHO, WYO.MING, AND 
SOUTH DAKOTA 

beds as Kimmeridgian and possibly 
late Oxfordian (Smith and Calkins, 

much since Mook's 
hensive study. 

(1916) compre­ con t;ain interstitial clay commonly 
peppered with ferruginou,; specks 

Early Cretaceous age overlies the Mor­
rison, but lithologic contrasts make 

lenticular 
origin. 

sandstones of continental ent in significant amounts in most 
areas, rhythmically· interbedded in 

base of the Piper and of the Sawtooth 
formation. 

Summerville formation. The datum 
intersects these eolian(?) deposits as 

age recognized in t he Gulf Coast. re­
gion. In that area, t hey consist largcl,y 

Formations induded.-Inlerval C 1904, p. 27; Peter Misch, written Extensive collections of the fauna (Waage, 1955, p. 23 ). the contact relatively easy to find . In northeastern Montana and many places. Volcanics and chert bave Enuironments.-Illustrated on the shown in sections C-C' and D-D', in­ of evaporites; they are thick and indi­
consists or the Stump sandston e in 
sout heastern Tdaho and we,;;tern Vv~yo­

communication). Misch has named 
these rocks the Nooksack formation, 

and flora of the Morrison formation 
have been made, largely in the early 

The boundary, as generally recog­
nized by strati~raphers studying sub­ UTA.II AND 'WESTERX COLORADO 

northwestern North Dakota, rocks 
tentatively assigned by some geolo­

been de.scribed in 
Taliaferro (1943a, 

the Knoxville by 
p. 198), and ser­

map are two islands t hat apparently 
were low, for they supplied very little 

dicating that dune sands were formed 
earliP..r in some places than in others. 

cat.e the first stages in a prolonged 
period of basin sinking. Tn the \Vestern 

ming, the Curti,; formation in south­ the highest part of which is or Early days, on the east flank of the Front surface rocks east of the Colorado Formation included.-In Utah and gists to the Morrison formation in­ pentine intrusions are not infrequently coarse detritus to the surrounding The pattern of this map may be Interior region, two t roughs developed 
western Wyoming, the Swift formation Cretaceous age. From evidence to Range, but until the past decade or Front Range, is placed at the base of western Colorado Interval D consists clude varicolored mudstone, a little noted. basin except near the northwestern compared to advantage ·with tha t of in which marine deposits aecumulated. 
in north-central Wyoming, and the date, it appears that no Nevadan so, interest in the.se fossils was almost thick conglomeratic sandstones as­ of the Morrison formation. Tn north­ ~:ellow limonitic siltstone, glauconitic The Knoxville formation, as cur­ part of the northern island. Most of the adjacent map that portrays the Both troughs extended ,:;outhward into 
Redwa ter shale member of t he Sun­ break is recognizable in the depo­ exclusively biological and study of them signed to the Dakota group. ln many central Utah the interval may pos­ and calcareous sandstone, and lime­ rently different.iated, is in most areas Montana at that time probably was lower part of Interval D. In each, the United States from Canada. The 
dance formation in eastern ViTyoming sitional history of northern Washing­ contributed little towards clarification wdls the sandstones contain a few sibly be represented by conglomerate stone. Some of the beds are carbona­ the lo wer part of a thick conformable covered by shallow· saline waters mar­ dune depositR (Cow Springs sand­ axis of one was in North Dakota; the 
and western South Dakota. ton. North of the State of Washington, of detailed stratigraphic relations. thin beds of variegated mudstone. beds now assigned to the Indianola ceous and some pyritic. These rocks sequence of uppermost Jurassic and ginal to a sea. Rtone) derived from t.he southwest are other extended from western Montana 

Thickness and lithofacies trends.­ in southern British Columbia, rocks of Thickness and lithofacies trends. ­ ·where the sandstones are thin or group or Kelvin formation of Creta­ are believed to be marine correlatives Lower Cretaceous sediments. The lop Black muds, with abundant phos­ shown in the southwest corner. Also to southwestern Utah. ln the area be­
Rock,; of Interval C are relatively thin middle Late Jurassic age have been The Morrison formation ranges from absent, the boundary is placed at the . ceous age. These beds are not included of the continental Morrison, although of the Knoxville is generally placed phate nodules and pyrite, are believed ' in each map, alluvial deposits are tween these marine troughs, deposits 
in most parts of \Vyoming, ranging described at Harrison Lake (Crick­ 200 to 400 feet in thickness on the base of a dark- gray mudsLone that in Interval D in this folio. certain of the si1tstones and fine­ at the upper limit of fossils of Port­ to have been deposited on tidal fiats shown to the east and north of the of the southern half are largely less 
from about 100 to 200 feet in thick­ may, 1930b, p. 487) and at Ashcroft east flank of the Front Range and overlies the uppermost variegated Thickness irends.-The prominent grained sandstones are lithologically landian age, particularly A ucella northwest of the islands. Coarser dune areas. Those in Interval C, how­ than 200 feet thick and dominantly 
ness. In the western two-thirds of the (Crickmay, Hl30a, p. 23-74). thins irregularly toward the east. In mudstone. thick troughs in central Utah evident similar to Sundance strata and on this piochii, and the overlying sediments detritus appears to have accumulated ever, c-onlain no sediment coarser than of sand; those of the northern half 

• 

State, isopach lines show a dominant 
northwesterly orientation. ln South 
Dakota, however, the rocks form an 
easterly-trending belt east of the Black 
Hills. Rocks of Interval C are absent 
along the southern margin of the 
Laramie Basin in sout heastern Wyo­
ming and farther south in north­
cent ral Colorado. 

A preponderance of coarse detrital 
rock- in western Wyoming contrasts 
with the abundance of mudstone to 
the east. Still farther east in south­
central "'.,.yo ming and east of the Black 
Hills, however, sandstone is locally 
abundant as in the west. In a few 
isolated areas in central Wyoming, 
concentrations of limestone appear, 
forming a continuation of the lime­
stone belt to the northwest in Montana. 

Upper boundary of I ntert>al C. -In 
Wyoming and South Dakota, the con­
tact of the overl);ng Morrison forma­
tion with various rock units comprising 
Interval C is considered the upper 
boundary of Interval C. This contact 
commonly is recognized as a surface 
where nonglauconitic sandstone or 
variegated claystone rests on a glauco­
nitic sandstone or mudstone. 

MONTANA AND NORTII D.hKOTA 

Formations included.-Interval C is 
represented in Montana by wide­
spread, glauconitic, marine sandstone 
and mudstone or the Swift formation. 
In North Dakota the interval consists 
of rocks commonly assigned to the 
upper part of the Sundance formation, 
but locally referred to as the Swift 
formation. 

Thickne.c;g and lilhofacies lrend.ci.­
The deposits of Interval C in the 
Western Interior basin are thickest in 
eastern Montana where they form a 
north-trending belt. These rocks thin 
westward toward an inferred positive 
area in west-central Montana. North­
west of thh:, area, near the Sweetgrass 
arch, rocks of Interval Care relatively 
thin as a result of partial removal by 
poSt-Jurassic erosion (Cobban, 1945, 
p, 1281-1286). 

Isopach lines trend northeast in 
central Montana, north in eastern 
Montana, and southeast in western 
North Dakota. Th.e significance of 
these trends has not been determined. 
The trend in eastern Montana shows 
a general parallelism to an adjacent 
belt containing a moderate amount of 
sand<;tone. Likewise in North Dakota, 
the principal southeast-trending 
trough is paralleled on its north flank 
by a belt containing relatively large 
amounts of sandstone. 

Mudstone is the dominant rock of 
Interval C in Montana and North 
Dakota. Sandstone is abundant in the 
we.stern part of the region, however, 
and conglomeratic beds are common 
in deposits adjacent to the inferred 
positive area. They suggest a moderate 
amount of local uplift preceding or 
during Interval C. A series of small 
areas containing rocks with a relative­
ly high proportion of limestone form 
a band parallel to major facies trends 
in central Montana. Another lime­
stone band is near the margin of 
Jurassic deposition in eastern North 
Dakota. Whether these limestone con­
centrations represent organic reefs or 
resu]t from accumulations of inorganic 
lime is not apparent from available 
information. 

Upper boundary of Interva.l C.-Tbe 
contact between the Swift and Morri­
son formations is recognized in this 
folio as the boundary between Inter­
vals C and D. In Montana and North 
Dakota, this contact overlies marine 
glauconitic sandstone and mudstone, 
and is at the base of variegated mud­
stone believed to be of continental 
origin and of Kimmeridgian age. The 
interval boundary is questionable 
in the Williston basin where marine 
deposits have generally been classed 
with the Sundance formation, but 
may be correlative in part with the 
continental Morrison formation. 

WEST COAST REGION 

Problem of aye misignment.-Rocks 
shown on plate 6 for the West Coast 
region include strata of Oxfordian and 
early Kimmeridgian age, that is, rocks 
normally assigned both to Interval C 
and to part of Interval D (table 2). 
The reason for this modification is 
that a time o( major tectonic activity 
(the Nevadan orogeny) and a change 
in depositional environments is be­
lieved by many geologists to have 
taken place between early Kimmer­
idgian and middle Portlandian time 
(Taliaferro, 1943a, p. 212-213; Ander­
son, 1945, p. 957). Therefore, these 
pre-Portlandian rocks are closely re­
lated to each other but genetically 
distinct from those deposited in latest 
J ura>:lsic time. 

Rock,:; of Oxfordian and Kimmerid­
gian age are known in each or the three 
West Coast States, but neither their 
present nor their original distribution 
can be defined because of inadequate 
information. 

California formations included.-On 
Mount Jura (locality 22) at t he north­
ern end of the Sierra Nevada, Interval 
C is probably represented by the 
Foreman formation; the interva1 may 

ll\TERVAL D (PL. 7) 

The highest of the four divisions or 
the Jurassic system, as recogniz;ed in 
this folio, is referred to as Interval D. 
It is believed to correlate approxi­
mately with the Kimmeridgian and 
Port1andian stages of the European 
classification (table 2 ). 

The only Jurassic rocks yet recorded 
from the Atlantic Coast region are 
believed t.o represent Interval D. In 
the Gulf Coast region, rocks of this 
interval are well known and are com­
prised of both marine and continental 
sediments. In the Vil estern Interior 
basin, in contras t., they are almot-;t 
exclusively of continental deposits, 
including eolian, fluvial and flood-plain 
materials extending over a wide area. 
In the West Co,1st region, sedimenta­
tion' of Interval D is notable for hav­
ing continued longer than anywhere 
else in the United States, lasting until 
the close of the Portlandian stage. 

.hTLA:"l'TIG COAST RKGIOK 

St rata recorded as Upper Jurassic 
(?), overlain by pre-Trinity(?) deposits 
and underlain by Precambrian gran­
ite, were penetrated by the Essa 
Standard Oil, Hatteras Light Well 
No. 1, on Cape Hatteras, N. C. 
These strata, 1,418 feet thick, are 
believed to represent Int erval 
D. Litholog-ically they resemble 
the Schuler formation of Ar­
kansas (Swain, 1952, p. 59 ) . 
Jurassic rocks have not been pene­
trated anywhere else in the Atlantic 
Coast area. 

GULF COAST REGION 

Formations included.-Interva1 Dis 
represented in the GulI Coast. region 
by the Bossier and Schuler formations 
of the Cotton Valley group. The 
Bossier and Schuler formations have 
been identified definitely only in 
northern Louisiana, southern Arkan­
sas, and eastern Texas and may or may 
Il(?t be recognized as formations in other 
regions of the Gulf Coast . The Bossier 
rests unconformably on a surface of 
the Haynesville-Buckner-Smack­
over sequence, which is progressively 
older downdip or in a basinward 
direction. The Schuler formation 
is unconformably overlain by Creta­
ceous sediments. Because much more 
information is available for the Cotton 
Valley group than for underlying 
Jurassic rocks of the Gulf Coast, 
isopach and lithofacies maps have 
correspondingly greater reliability. As 
with the older intervals in the Gulf 
Coast region, information is lacking 
where depths are so great downdip 
that the formations have not been 
penetrated. 

Thickness trends. -The isopach map 
for Interval D shows lines parallel­
ing the ancient strand line and de­
posits thickening toward the center of 
the south-facing arc of control points. 
In general, the Cotton Valley group 
approaches a maximum recorded thick­
ness oi over 3,000 feet along the pres­
ent southern or basinward margin, but 
strata of this group may be much 
thicker in unpenetrated areas farther 
south. 

The rate of basinward thickening in 
the Cotton Valley group is not every­
where the same, as shown for example 
by the contrast between isopach line 
spacing in east-central Texas and that 
in northeastern Texas. In northwestern 
Louisiana, closed contours indicate a 
maximum known thickness (pl. 7); 
south of the maximum, the isopach 
lines indicate a thinning not unlike 
that developed farther west during the 
preceding interval of the Jurassic. The 
significance of the thinning is not 
known, but relatively thick deposits 
that are indicated by closed isopach 
lines may reflect a depression on the 
sea floor. 

Lithofacies trends.-Sedimentary 
rocks of the Cotton Valley group, as 
summarized on the lithofacies map, 
are dominated by sandstone and mud­
stone. Cross-sections C-C and D-D' 
(pl. 7) illustrate the gross distribution 
of these components on vertical planes 
but do not show many details of inter­
tonguing and lensing, which are too 
complicated for presentation at this 
scale. Limestones comprise 2 to 17 
percent of Interval D in northeastern 
Texas and a similar percent in other 
parts of the basin. Small quantities 
of carbonaceous matter are found in 
some wells in east Texas and are inter­
preted as the deposits of swamps on 
near-shore alluvial plains. Conglom­
erates, formed as near-shore and basal 
deposits, are very important as indi­
cators of a change in environment 
during Interval D. They sug-gest ele­
vation of a land mass in source areas 
relatively close to the north. 

\\' EST TEXAS 

Interval D is represented in west 
Texas by as much as 1,000 feet of the 
Malone formation and by over 2,000 
feet of La Casita formation in adjoin­
ing parts or Mexico. Thinning and 
coarsening of facies to the northeast 
and the association of fossil wood with 
marine fossils support the conclusion 
that the shoreline was close to present 

the subsurface of a small area in 
northwestern Nebraska, the formation 
is absent. Trends in t hickness over 
most of the region are not uniform. 
These irregularities are explained by 
post-Morrison erosion ac1 demonstrated 
in Oklahoma by an angular uncon­
formity that truncates successive units 
in the upper part of the Morrison 
formation within a relatively short 
distance (Schoff and Stovall, 1943, 
p. 63-65). 

Alignment of areas of maximum and 
minimum thickness in the Morrison 
formation is similar on both sides or 
the Front Range in Colorado. These 
belts of varying thickness trend north­
west (pl. 7), strongly suggesting that 
they were continuous across this area 
in Jurassic time. They also coincide 
v.-ith trends evident on the lithofacies 
map (pl. 7). In the northwest-trending 
belts of thinning, the formation is 
sandier t.ha.n in corresponding thicker 
belt..s. The significance of this pattern 
is not understood. 

A second trend that is apparent on 
the lithofacie.s map of Interva] Dis the 
notable increase in percentage of sand 
southeastward toward the pinchout of 
the formation in southwestern Kansas 
and southeastern Colorado. This sug­
gests a source of sediment to the 
southeast. 

Localities of considerable coarse 
detrital sediment in northwestern 
Nebraska appear to be related to an 
adjoining area to the north and east in 
which the Morrison is absent and from 
where sediments presumably were 
furnished by a pre-Morrison source. 
Local areas of relatively abundant 
sandstone in northeastern Colorado, 
however, cannot readily be explained; 
and the haphazard distribution of 
limestone and marlstone east of the 
Front Range shows no readily apparent 
relatianship to other features of 
sedimentation. 

Upper boundar·y of Interval D.-In 
this folio the top of Interval D and of 
the Jurassii;: system is assumed, in the 
absence of conclusive evidence to the 
contrary (Waage, 1955, p. 47-48 ), to 
coincide with the boundary between 
the Morrison formation and the Lytle 
formation of the Dakota group. This 
formational boundary, however, is an 
elusive one1 difficult to recognize con­
sistently. The difficult.y arises because 
conglomeratic beds are not present 
everywhere at the base of the Lytle 
and because the formations contain 
similar, dominantly red, variegated 
silty claystones and lenticular sand­
stones (Waage, 1955, p. 21, 23). 

Difficulty in recognition of the upper 
contact of the Morrison formation is 
perhaps best illustrated by differences 
of opinion about its position in the 
type area. . 

As originally defined by Eldridge 
(1896, p. 60-61 ), the Morrison forma­
tion is about 200 feet thick and con­
sists in the lower two-thirds of green, 
drab or gray marls with numerous 
lenses of limestone. The upper third, 
however, consists of shales "similar to 
those ... of the Jura" [variegated] and 
sando;;tones, with either prevailing 
locally. At the base of the upper third 
are discontinuous lenses of sandstone, 
the Saurian sandstone of Eldridge, 
which locally are conglomeratic and 
resemble the basal Dakota (Lytle) 
sandstone in pebble content. The 
Saurian sandstone, according to 
Eldridge, is between 16 to 12G feet 
below the Dakota, although more 
generally from 50 to 80 feet.. Unfor­
tunately, no specific type sect.ion was 
designated or measured by Eldridge. 

Eldridge's definition apparently was 
misinterpreted by Lee (1920, p, 185). 
Lee believed that Eldridge had in­
cluded higher beds, which at Morrison, 
were later found lo contain Early 
Cretaceous plants. He, therefore, re­
vised Eldridge's section and placed the 
contact at the base of the Saurian 
conglomerate (1920, p. 184-185; 1927, 
p. 17, 28, pl. 1 ) because "No obvious 
break was found in the section be­
tween the plant horizon and the base 
of the Saurian conglomerate." 

ln recommending a new type section 
for the Morrison formation along the 
Alameda Parkway, Vfaldschmidt and 
LeRoy (l!J44, p. 1100) recognize Lee's 
misinterpretation and attribute it, in 
part, to poor exposures at the old type 
locality, They slate that the upper 
lithic boundary is distinct along 
Alameda Parkway and "lies with ap­
parent disconformity below the con­
glomeratic phase of the Dakota." With 
their choice of the upper contact, the 
Morrison as measured (1944, p. 1103-
1106) is 277 feet thick. The Saurian 
sandstone of Eldridge (1896, p. 61 ) 
presumably is absent, but the upper, 
dominantly red variegated claystones 
and lenticular sandstones are 113 reet 
thick. 

Waag€ (1955, p. 23-26 ) reviews the 
problem of the Morrison-Lytle contact 
and concludes that both the old and 
the new type sections of the Morrison 
have indefinite upper contacts. He 
points out that whereas Lee places the 
Morrison-Dakota contact at the base 
of the Saurian sandstone in the 
Morrison section (1920, p. 185 ), he 
places the contact at the base of the 

Difficult.y in recognizing the Morri­
son-Dakota boundary in some sub­
surface sections is resporniible for 
certain local problems. In eastern Colo­
rado, it probably accounts for local 
anomalies on the isopach and litho­
facies map (pl. 7 ). 1n north-central 
Kansas (Phillips County) and north­
ward through the center of Nebraska, 
it makes uncertain the recognition of 
eastern limits of the Mcrrison fotma­
tion. In that area, well sample's from 
the questionable part of the section 
consist of interbedded sandstone, con­
glomerate, and mudstone, which have 
been interpreted by some (Merriam, 
1955, p. 37) as Morrison deposits that 
are abnormally coarse because of prox­
imity to source, and by others as 
normal continental deposits at the 
base of the Dakota group. Thus, the 
position of the eastern margin of the 
Morrison formation is queried on plate 
7 and is regarded as tentative. 

SOUTIIWEST REGION 

Formalion/:5 included, -The 0-iso­
pach line ror rocks of Interval D in 
Arizona and New Mexico (pl. 7) marks 
the present southern and southwest­
ern limits of the Morrison format.ion 
and its correlative-the Cow Springs 
sandstone (in part) . As shown on the 
map, however, the original area of 
deposition during this interval prob­
ably extended considerably to the 
south and southwest of the zero iso­
pach line, sediments having been re­
moved from the bordering areas by 
pre-Dakota erosion. The line suggest­
ing the former limit of deposition is 
belie\·ed to be conservative and pos­
sibly should be considerably south of 
the position indicated. 

Thicknes.c; trends. -As illustrated on 
the isopach map (pl. 7 ), thicknesses of 
the Morrison formation across t he 
eastern half of northern New Mexico 
are rather uniformly between 300 and 
400 feet, but starting near the center 
(west of SanL--i Fe) and striking north­
westward is an axis along which the 
deposits are thickest. In the northwest 
corner of the State a maximum thick­
ness of nearly 1,000 feet is encountered. 
Southwestward from this axis, across 
the Navajo Indian Reservation in 
Arizona, the thickness diminishes to a 
feather edge in a relatively short dis­
tance. The northwest trend of tht~ axis 
is approximately parallel to, bu t 
fart.her east than, that of the under­
lying Summerville formation, suggest­
ing a continued eastward migration of 
the center of basin downwarping that 
prevailed during earlier Jurassic time. 
Marine waters did not fill any parl of 
this trough during- Interva1 D as they 
had earlier. 

LithofarieR trends.-A series of 
lithofacies belts trending northwest­
ward constitutes the general pattern 
for Interval D in northern Arizona 
and New Mexico. In the southwestern 
part of the area, strata of this age 
( Cow Springs ) consist of sandstone 
only, but to the northeast in New 
Mexico a minor amount of mudstone 
is present in all sections (Morrison), 
Sandstone of the Morrison formation 
in this area includes appreciable 
amounts of conglomerate. Farther 
east this belt grades into another in 
which the percentage of mudstone is 
g-reater than that of sandstone; and 
beyond, in eastern New .l\iexico sec­
tions in some localities are composed 
almost entirely of mudstone. One 
notable exception to the eastward 
trend from sandstone to mudstone is 
in north-central New Mexico near the 
Colorado border where the Morrison 
consists almost entirely or sandstone. 
In a belt extending southward from 
this area sandstone dominates over 
mudstone. 

Interpretation of the lithofacies 
trends described above involves the 
following- concepts: (1) a principal 
source of sand was from the southwest, 
the sand being int roduced under eolian 
conditions (Harshbarger, et al., in 
press); (2) muds, . sands, and some 
gravels were transported northward 
or northwestward across western New 
Mexico by streams forming alluvial 
plain and fan deposits (Craig et al., 
1951, p. 43); (3) a source of sediments 
was the ancient Uncompahgre-San 
Luis Highlands of southern Colorado 
as indicated by the belt of sand extend­
ing southward midway across northern 
New Mexico; ( 4) an area or areas of 

· ponding and quiet water developed in 
northeastern New Mexico where the 
formation is composed largely of mud; 
(5) a minor source of sediments was to 
the east and southeast of the present 
area of Morrison deposits as indicated 
by a local increase in sand in these 
directions along the border area.-:. 

Evidence that source areas to the 
south were uplifted during Morrison 
deposition is furnished by conglomer­
atic sandstones and stringers of pebble 
conglomerate in all members of this 
formation in western New Mexico. 
Pebbles as much as 4 inches in diam­
eter are present in t he Westwater 
Canyon member and granitic frag­
ments are reported from the Recap­
ture member. The source of these 
material,;, which probably was in west­
central New Mexico, has been referred 

on maps of Intervals B and C, did not 
continue into Interval b. Instead, the 
sediments of the Morrison formation 
are spread across the area as irreg­
uiarly thick and thin deposits. In 
southeastern Utah a thick sheet of the 
Morrison formation probably repre­
sents the original, or nearly complete, 
accumulation for the interval. The 
rather abrupt thinning to the west 
probably is the result of pre-Creta­
ceous erosion. 

In north-central Utah rocks of this 
interval are shown on plate 7 as 2,000 
feet thick, but they are absent within 
a relatively short distance northwest­
ward. As indicated by broken lines on 
the cross section A-A' , the very thick 
section may contain beds of Early 
Cretaceous age. Where Interval D is 
not represented in north-central Utah, 
lower beds of the conglomeratic se­
quence assigned to the Indianola 
group and Kelvin formation may be 
equivalent to the Morrison formation. 
If so, the Morrison formation would 
increase in thickness, gradually, from 
east to west in northern Utah and 
would become more coarse to the west.. 
A source area might then be postu­
lated for the Morrison formation in 
northwestern Utah. 

Lilhofacies trend.ci.-Rocks of Inter­
val D are dominantly sandstone in 
southern and in north-central Utah. 
These two areas of coarser sediment 
are probably a result of proximity to 
source, but in western Utah, the origi­
nal limit of deposition of Interval D is 
not known. Elsewhere in Utah and 
western Colorado finer grained sedi­
ments of this interval are randomly 
distributed as patches of mudstone or 
sandy mudstone with minor accumu­
lations of evaporite,:;, three of which 
are shown by lithofacies patterns on 
plate 7. 

Upper boundary of Interval lJ.-The 
contact between the Morrison forma­
tion and Cretaceous strata is the upper 
boundary of the Interval. In \t,.·est­
central Colorado and in central Utah 
Lower Cretaceous strata of the Buck­
horn and Cedar Mountain formations 
have been differentiated from the 
Morrison formation in recent meas­
ured sections (Stokes, 1952, p, 1768). 
Some older sections were revised by 
Craig (personal communication) to 

conform to this usage (localities 47, 
81, and 191 ); consequently, the upper 
boundary of the interval is lower than 
originally indicated in some published 
sections. 

In north-central Utah, as· noted 
above, basal beds of the Indianola 
group may be correlative with the 
Morrison formation, in which case the 
upper boundary of the interval is in­
correctly placed. In this folio,original 
assignments to the Morrison forma­
tion have been followed. 

SOUTH DAKOTA, WYOMING, AND 
SOUTHBAST1<.:RN IDAHO 

Formations included.-Interva1 Dis 
represented in South Dakota by the 
Morrison formation and, in places, 
the Unkpapa sandstone. Throughout 
most of ·wyoming, also, the interval 
consists of the Morrison formation. 
Only in the westernmost part of that 
·state is the Morrison absent. There, 
and in southeastern Idaho, Interval D 
probably is represented by the lower 
part of the Ephraim conglomerate. 

The age of the Ephraim conglom­
erate has long been open to question. 
Although provisionally assigned to the 
Early Cretaceous in many reports 
(e.g., Mansfield, 1927, p. 104) and 
lacking diagnostic fossils, regional con­
siderations suggest a Late Jurassic 
age for at least part of this formation 
(Stokes, 1944, p. 969; Man:;;field, 1952, 
p. 42 ). A few Jurassic fossilR have been 
found in the lower part of the forma­
tion, but the possibility that these 
may have come from reworked older 
deposits has not been eliminated 
(Rubey, oral communication). 

Thickness and lithofacies trends. -
lsopach lines in South Dakota and 
the northern half of ,vyoming trend 
slightly west of north. Noteworthy 
are belts of thickening on the east side 
of the Black Hills, S. Dak., the east 
flank of the Big Horn Range, Wyo., 
and the northwestern part of Wyo­
ming. Moreover, the small north­
trending belt of thinning south of the 
Black Hills and the thinning to t he 
northwest of the Black Hills both 
parallel the thickening to the east. 
This belt of thinning, therefore, may 
have been continuous across the pres­
ent western margin of t he Black Hills. 

In southern Wyoming, isopach lines 
are oriented more irregularly than 
elsewhere in the state, but nearly 
easterly trends are prominent locally. 

Belts of comparable lithofacies are 
roughly parallel to isopach trends in 
South Dakota and northeastern Wyo­
ming. The abundance of coarse detrital 
rocks on the sout.heastern side of the 
Black Hills, along the belt of thicken­
ing, is noteworthy and suggests local 
depositional sources. Possibly these 
sources were along the western margin 
of the present Black Hills and also in 
an area to the south where Morrison 
rocks are absent. 

basis have been assigned by some 
geologists to that formation. A third 
possible correlation is that some or all 
of the questionable unit be considered 
a facies of the Cretaceous Lakota 
formation. 

For purposes of this folio, the rocks 
are tentatively assigned to Interval D. 
They are interpreted as a marine 
facies equivalent to the continental 
Morrison and separated from it by a 
band of rocks containing carbona­
ceous material, probably deposited 
under marshy or brackish, coal-form­
ing conditions. 

Thickness and Whofacies trends.­
Rocks of Interval D are absent in at 
least t \Vo areas in Montana. In the 
northwestern part or the state, on the 
Sweetgrass arch, t heir absence is a t­
tributed to pre-Cretaceous erosion 
(Cobban, 1945, p. 1268-1270 ). 

The Morrison formation attains a 
maximum thickness of 400 feet in a 
belt that extends from central to 
sout hwestern Montana. From this belt 
the rocks thin northward and -south­
eastward. A prominent belt of thin­
ning also extends northwest ward from 
the present Black Hills area in South 
Dakota. 

Most prominent feature on the litho­
facies map (pl. 7) is the abundance of 
coarse detrital rocks along the middle 
purt of the Montana-North Dakota 
border. This suggests a possible source 
of detritus to the north. 

Upper boundary of Interval D.-The 
upper boundary of Interval D in east­
ern Montana and western North 
Dakota is placed at the contact of 
muds tone of the Morrison formation 
and the overlying Lakota sandstone 
of Cretaceous age. In central and west­
ern Montana the boundary is consid­
ered to underlie the lowest prominent 
sandstone of the Kootenai formation. 

WEST COAST 8EGION 

Unlike rocks represented for other 
western regions on the Interval D 
map (pl. 7), those shown in the West 
Coast region include, except in north­
central Washington, only the latest 
Jurassic (Portlandian). Rocks of Kim­
meridgian age are referred to Int erval 
C. This is done in conformance with 
the general belief that these latest 
Jurassic rocks are genetically dis­
similar Lo the rocks included in Interval 
C; generally, they are less metamor­
phosed, structurally less disturbed, 
and in some areas rest unconformably 
on older rocks, Most of these rocks are 
included in the Knoxville forma t ion, 
but in certain areas, they have been 
11:iven other names. 

California fortnations included.­
Rocks of Portlandian aj!;e represented 
in Interval D in California include the 
Knoxville, the Franciscan in a few 
places, the Monte de Oro, and the 
Combe formations. 

The Monte de Oro and the Combe 
formations are represented east of the 
Sacramento Valley in California. The 
Portlandian age of the 1fonte de Oro 
is based on fossils found al loeality 3 
and studies by R. W. Imlay ( written 
communication). The age assignment 
of the Combe formation in the Mount 
.Jura area (locality 22 ), however, is 
based on its stratigraphic position 
(Crickmay, 1933, p. 903 ). 

Franciscan formalion.-As far as 
known, the oldest accurately dated 
rocks of the California Coast Range 
(i.e., between the Klamath Mountains 
on the north and the Transverse 
Ranges on the south) are Portlandian, 
but older unfossiliferous rocks are 
probably present. For purposes of this 
folio, most of the rocks of the Francis­
can formation are not included be­
cause a majority of the fossils found 
in it are assigned a Cretaceous age. 

Indirect evidence may support a 
Late Jura.~-,ic age for the Franciscan 
formation (Taliaferro, 1941, p. 125), 
but in only one area, in southern San 
Luis Obispo County, have late Juras­
sic Portlandian fossils been found in 
this formation (Crickmay, 1932, p. 
1-11; R. W. Imlay, written communi­
cation). Two vertebrate fossil dis­
coveries have been referred to the 
Jurassic, but admittedly on tenuous 
bases. One discovery, consisting of two 
icthyosaur rostra, was in chert cobbles 
in Quaternary gravels on the west 
side of the San Joaquin Valley and 
presumably they were derived from 
the Franciscan; these rost ra have been 
dated as Late Jurassic or Early Cre­
taceous by Camp (1942, p. 362-071 ). 
The other disc-overy consisted of two 
plesiosaur vertebrae in a limestone 
concretion believed lo have weathered 
out of the Franciscan forma t.ion in 
San Luis Obispo County; these have 
been a&~igned a Jurassic age by Welles 
(1953, p. 743-744). 

In contrast to the Jurassic assign­
ments, an ammonite from the type 
area of the Franciscan in San Fran­
cisco has been dated as Albian, or 
Early Cretaceous (Schlocker el ul., 
H154), and Foraminifera of Cretaceous 
age have been found in the Franciscan 
at f>everal localities (Cushman and 
Todd, 1948, p. 90-98; Glaessner, 1949, 
p.1615-1617; Thalman, 1943, p.1827 ). 

The presen t conclusion concerning 
the ag-e of the Franciscan formation is 

are assigned to t he Shasta series, with 
A. crassicollis common near its base. 
The intermixing of these faunal ele­
mentR in many places makes the choice 
of the formational contact an arbitrary 
one, and consequently neither the 
formational nor the systemic bound­
ary is dearly defined. 

Franciscan-Krwxville relations. -
The relationship between the Knox­
ville formati on and older rocks is sub­
jed to interpretation. Taliaferro 
(1943a, p. 110 ) states that the gray 
shales in the Knoxville were deposited 
as a final phase of Franciscan deposi­
tion. Anderson (1945, p. 955) main­
tains that the Knoxville is a formation 
genetically unrelated \.o and signifi­
cantly younger than t.he Franciscan. 
More recent information indicates that 
Late Jurassic fossils are present in the 
Knoxville in one area (e.g:., locality 
19) and Early Cretaceous fossils in the 
Franciscan of a nearby area (Sch locker 
et al., 1954, p. 2380 ). It appears that 
both stratigraphic names have been 
applied too widely and to gross Jith­
ologies of different ages and origins. 
The age relationship between Fran­
ciscan and Knoxville strata in one 
area may differ considerably from re­
lationships of roughly comparable 
lithologic uni ts in other areas. There­
fore, carefully determined local rela­
tions should not be construed as 
representing regional relations that 
have yet to be deciphered. 

Because of the difficulties involved, 
thickness and litholo1:,ri.e data shown on 
the map for the West Coast region 
should be regarded as tentative. At 
most localities indicated, however, 

fossils assigned a Portlandian age have 
been found, so the map gives a crude 
picture of rock distribution during' 
that interval. 

Washin!'.lton formations included.­
In the northern Cascades of ·washing­
ton (localities 6 and 9 ), P. Misch 
(written communication) has .tenta­
tively dated a thick conformable se­
quence of predominantly dark, 
fine-grained sediments as Late Juras..">ic 
and Early Cretaceous, based on pre­
liminarv fossil determinations by ,T. A. 
J eletsk; of the Canadian Geological 
Survey. At locality 9, he has named 
these rocks the Dewdney Creek for­
mation, considering them to be a 
southern extension of rocks mapped to 
the north in Canada; at locality 6, he 
applies the name Nooksack formation. 
In t he western foothills of the northern 
Cascade Range (locali ty 8), W. R. 
Danner (v.-ritten communication) has 
discovered fossils in comparable rocks; 
a preliminary examination by Jeletsky 
or the collections indicates that both 
Upper Jurassic and Lower Cretaceous 
rocks are present.. 

PALEOGF.OGRAPHlC MAPS 
(PL. 8) 

A series of 10 maps constructed by 
Ralph Imlay to illustrate his views on 
Jurassic paleogeography appear on 
plate 8. Each ol the first nine of these 
maps illustrates l.he distribution of dep­
ositional basins, sourceR of sediments, 
and general geographic relations for a 
particular time in the Jurassic, dated 
in terms of European stages. The 
tenth map is a generalized portrayal 
of geosynclines, basins, positive ele­
ments, and other features of the con­
tinental framework believed to have 
served as structural controls through­
out the period. These paleoge·ographic 
maps are based on Tmlay's knowledge 
of Jurassic fossils and on his back­
ground of field experience. They 
constitute his interpretations and are 
accompanied by a brief summary or 
Jurassic history prepared by him. 

ENVIRONME:)!TAL MAPS 
(PL. U) 

An environmental map shows t he 
dist ribution and interrelationship of 
various environments considered to 
have developed essentially contem­
poraneously, i.e., on a common strati­
graphic time plane. Theyaresubjective 
maps comparable to paleogeo~raphic 
maps but showing more detail. 

The preparation of an environ­
mental map is possible only where 
considerable interpretative data are 
available. Areas that may be repre­
sented effectively are limited to those 
that have been studied intensively 
and that contain strata favorable for 
detailed correlation. 

The time plane represented by each 
of the environmental ma_ps has been 
selected arbitrarily. This is because 
only under exceptional conditions do 
,;uch planes corrCRpond with rock units 
or lithologic boundaries, whereas, in 
most places, they cut across formations 
or other major rock units. The validity 
of each map, therefore, involves un­
certainties that are, at best, minimized 
for limited areas of abundant data. 

The method used in selecting a time 
plane has been to choose a propor­
tionate distance above the base of the 
rocks concerned in each section and to 
consider this the point of intersection 
of the column by the time plane. In 
the following illustration (fig. 5), all 

Sec. 1 

in channels, spilling over adjacent 
flats from time to time. The phosphate 
nodules indicate a low rate of deposi­
tion, Dark colors are attributed to 
preservation of organic material in 
stagnant, reducing conditions-an en­
vironment also indicated by p:-,rrite. 

Dolomite, in an area east of the mud 
flats, probably was formed where 
waters were clear, but very shallow 
and highly saline. Black and dark­
g-ray limestone likewise indicates con­
ditions involving restricted circulation 
of shallow waters where organic matter 
accumulated. 

Red and gray-green mudstone, en.st 
and ,:,out.beast of the islands, probably 
was deposited on marginal flood plains. 
Scattered across the flood-plain sur­
faces were local evaporite basins in 
which gypsum was precipitated. 

)Jonna] marinl" rocks, in western­
most Montana, indicate that the sea 
extended into that area. A narrow 
channel betv-,een the t wo islands may 
have served as an entrance for marine 
watL~rs from the west into areas of 
concentrated waters east of the islands. 

KORTHKt\.ST TEXAS 
DURTKG INTERVAL D 

Sira.ligra.phic datum. -Figure 2 of 
plate 9 illustrates a typical sequence 
of environments in the western Gulf 
Coastal region during deposition of 
the Schuler formation in Late Jurassic 
time. The datum of the map is a plane 
that cuts the Schuler formation one­
fourth the distance above it:; base, and 
it is documented by a i-.orth-south and 
a northwest-southeast seriP.s of well 
sections. 

Environrnents.-The region covered 
by the map is interpreted as a curving 
sector of the Jurassic coast \Vith the 
sea to the southeast and the conti­
nental area to the northwest. Four 
roughly parallel environmental belts 
-continental, marginal, restricted 
marine, and normal marine-are rec­
ognized. 

Deposi ts of the cont inental belt 
consist of coarse detrital sediments, 
including chert and quartz gravels, 
and sands. These sediments are be­
lieved to have been derived from an 
adjacent rising land mass. The uplift 
probably was epeirogenic, for similar 
coarse deposits arc distributed farther 
east along the Gulf Coast. The gravel 
accumulations are considered to indi­
cate the positions of major streams. 

Deposits immediately shoreward of 
the inferred strand line form a wide 
belt and are interpreted as having 
accumulated in lakes and swamps, on 
flood plains, and on deltas. They con­
tain fresh- and brackish-water fossils 
(linlay, 1943, p. 1475). Lignite gives 
evidence Or swamp environment; cer­
tain or the mud accumulations are 
considered to have formed in lakes; 
extensive alternatiom:, of sand and mud 
are believed to repreRent flood-plain 
accumulations. Deltas are located with 
respect to the positions of sand and 
gravel concentrations. 

Marine deposits, southeast of the 
shore, are divisible into two groups: 
black clayey mud, formed under con­
ditions of restricted circulation, and 
light-gray mud and lime, considered 
to be normal marine deposits. These 
interfinger laterally. Concentrations 
of white sand that locally _occur be­
tween these two belts of sediment are 
interpreted as remnants of sand bars 
developed off-shore and responsible 
for poor circulation shoreward. OOlitic 
limestone close to the northeastern 
part of the strand line suggests very 
shallO\\.' agitated waters in that area. 

COLORADO PLATl<:A\.T IH:GJON 
DL"RING I::,,,rTERVAL C 

Strat.igraphic datnm.-Tnferred geo­
logic environments in parts of Ari­
zona, New .Mexico, Colorado, and 
Utah during Interval C are shown on 
plate 9, figure 3. The time represented 
corresponds to a surface that inter­
sects sections of the rocks of this in­
terval one-fourth the thickne<-,s above 
the base. 

l!Jnt>ironments.-The map illmtrates 
a complex assemblage of continental, 
marginal, and marine environments 
from south to north. In the south and 
southwest, deposits thought to be 
dune sands ( Cow Springs sandstone) 
merge nor thward into water-laid sands 
of the Summer,rille formation. The 
latter are thought to be alluvial sands 
because cross-stratification and tex­
ture suggest deposition in water 
currents, whereas thin- and medium­
bedded sandstone and mudstone far­
ther north mus t have been deposited 
in quiet waters and are here inter­
preted as alluvial plain deposits. Some 
geologists consider all of these Sum­
merville strata to be marine; however, 
the complete lack of fossils, red-brown 
color and uniform flat bedding over 
wide areas suggest to the V.-Titers a 

subaerial environment accompanied 
by sheet flood deposition and ponding. 

Northv,..ard in Utah and west­
central Colorado are sandstones that 
contain marine fossils and glauconite, 
and represent the southern margin of 
the Curtis sea. A possible southward 

sand and reflect the spreading of de­
posits down an extremely gentle slope 
toward the flood plains to the east and 
north. ln contrast, those in Interval 
D contain much conglomeratic ma­
terial, indicating crustal uplift to the 
west and south at this time. They 
apparently result from the activity of 
streams of moderate vigor. Much of 
t.he sand in the alluvia} deposits of 
Interval C probably was derived from 
the adjacent dune areas; the same 
may be true but to a much less extent 
in Interval D. 

COI.OHADO PLATEAU REGION 
DURING IKTERVAJ. D 

Slraligraphic datum.-Fig-ure 4 of 
plate 9 portrays environments as they 
are believed to have existed in parts of 
Arizona, New Mexico, Colorado, and 
Utah ut a time early in the develop­
me11t of the Morrison formation-the 
time being determined by a plane cut­
ting the formation one-fifth of t he 
distance from it~~ base to it,- top. The 
plane passes through the Salt Wash 
member of the Morrison in the north 
and west, the Cow Springs sandstont 
in the south\.,·est and the Recapture 
member of the Morrison in the south 
and east. 

Environments.-The Salt "'Tash 
member of the Morrison consists of 
relatively coarse detrital sediments in 
south-central Utah, including r.on­
glomeratic sands, that grade into pro­
gressively finer materials toward 
southwestern Colorado. They are in­
terpreted as alluvial fan deposits tha t 
were spread eastward, merging into 
sediments of an alluvial plain (Craig 
et al., 19fil, p. 42-48). The Recapture 
member is similar to \.he Salt Vlash, in 
general, and is believed also to repre­
sent deposits of a large alluvial fan. 
This fan spread northwestward from 
the source area in central New :Mexico, 
merging into the alluvial plain de­
posits of southwestern Colorado. The 

Cow Springs sandstone, a very pure, 
highly cross-stratified sandstone, is 
interpreted as having formed from 
sand dunes that extended northeaRt­
ward across nonhern Arizona to form 
a wedge between the large fans of the 
Salt Wash and Recapture (Harsh­
barger et al., in press). 

COLORADO PLATEAU AND MiD­
CO:s'TI~E:s'T REGION AT 

DEGIN~ING OF I::,,,rTERVJ\L C 

Stratiyraphfr datum.~Geologic en­
vironments at the beginning of Inter­
val C are portrayed on figure 5 of 
plate 9. The time represented is that 
of basal beds of the units that con­
stitute this interval. These units in­
clude rocks assigned to the Todilto 
limestone, Pony Express limestone 
member or the ,vanakab format.ion, 
Moab sandstone, and Lhe Crntis and 
Summerville formations. 

Environments. -.Marine sediments 
were deposited over much of the north­
western part of the region. Those 
deposits in southwestern and west­
central Colorado are attributed to the 
Curtis sea, whereas those in south­
eastern ·wyoming and northwestern 
Nebraska commonly are referred to 
the Sundance sea. 

Evaporite basins and lagoons were 
particularly widespread at this time 
and extended south and southeast 
from the margins of normal marine 
deposition. Evaporitic deposits formed 
throughout eastern Colorado, northern 
New Mexico, and in a small area in 
southwestern Colorado. Most oI the 
basins include gypsum in the center 
and limestone along the margins. 
,Vheri~ both are present, limestone 
appears to have been deposited first. 
Locally, however, only gypsum was 
deposited. 

Directions from which the evapo­
rite basins may have received saline 
waters are indicated on the map as 
"possible channels." In eastern Colo­
rado, the source of saline waters prob­
ably was to the north. In western 
Colorado it appears to have been to 
the west, though possibly to the north, 
and in western New Mexico, it may 
have connected across the Four 
Corners area. 

Much of central Colorado was oc­
cupied by .an apparently low, positive 
area that has been referred to as the 
"Ancestral Rockies". It furnished rel­
atively little coarse detritus, indicated 
b;,,.0 deltaic deposits, except locally in 
the Canon City area where arkosic 
gravel resulted from the Wet Moun­
tain uplift. 

TllCTOXTC I:VlPLlCATIONS 
Al\D COXCLUSlONS 

The following conclusions are the 
result of an analysis of the map series 
illustrating the Jurassic system: 

(1) The surface upon which Juras­
sic strata were deposited in the "-,.est­
ern Interior region consists of a belt 
of beveled, southward-dipping Paleo­
zoic strata across Montana, another 
of westward-dipping Paleozoic strata 
in the midcontinent area from Kansas 
north to Canada, and, between these 

range from 200 to 600 feet and consist 
chiefly of mud. In contrast to sedi­
ments of Interval A, those of Interval 
B were transported northward by 
streams toward t.he marine embay­
ments and northeastward by prevail ­
ing winds. The earliest evidence of a 
Jurassic positive belt in Colorado is in 
the rocks of t.his interval. A prominent 
geanticline in central Idaho formed an 
eastern barrier to volcanic rocks that 
accumulated in wes tern Idaho and 
eastern Oregon and it contributed 
detrital sediments to geosynclines both 
Lo the east and tothewest. lnCalifornia, 
eugeosynclinal conditions probably 
continued as indicated by much vol­
canic material and by very thick 
accumulations of sediments. Oldest 
Jurassic rocks in the State of ·wash­
ington are believed to have formed in 
Interval B. 

(4) The Gulf Coast region during 
Interval C apparent ly sank extensively 
as shown by more than 4,000 feet of 
dominantly marine sedimentary rocks; 
detritus was derived from the nort h 
and northeast. A great lhickening of 
the deposits to\vard the soulh, from 
Alabama to Texas, indicates the mag­
nitude . of the basin. The "'-restern 
Interior region was reinvaded by ma­
rine waters and two new troughs 
developed parallel to but farther west 
than corresponding troughs of the 
preceding interval. Facies t.rends are, 
in general, parallel to these north­
south troughs. Major sources of sand 
were to the west, with extensive con­
centrations of marine sands in the 
northwest; eolian sands were intro­
duced from the southwest. as in 
Interval B. Minor sand sources appear 
to have been to the northeast and 
southeast, and small positive elements 
in central Colorado, referred to as the 
''Ancestral Rockies,'' cont ributed 
locally. These positive areas doubtless 
~ere prominent but widely scattered 
landscape feawres. East, west and 
south or them,. stable condition,:; pre­
vailed wi th extemive, shallow lagoons 
or basins as t.he sites of evaporite ac­
cumulation early in the interval. In 
the West Coast region, in contrast, 
evidence of continued tectonic activity 
includes volcanism and thick accumu­
lation of eugeosynclinal types of sedi­
ment. 

( 5 ) During- Interval D the Gulf 
Coast region continued to sink along 
earlier established trends. For the first 
time in the Jurassic period, insofar as 
known, deposition took place in the 
Atlantic Coast region and in south­
r.entral Texas. Extensive and thick 
conglomerates in Gulf Coast depositR 
indicate the initiation of uplift to the 
north and northeast. In the Western 
Int.erior region, sedimentation was en­
tire]~, continental except possibly in 
the extreme northeastern part. Sands, 
considered eolian, continued t o be 
deposited in the southwest, but ex­
tensive deposits or gravel and other 
coarse materials, interpreted as allu­
vial fans, appeared for the first time 
along t he southern and western mar­
gins, indicating t he earliest extensive 
uplift in bordering areas during the 
Jura.-:;sic. Very thick conglomerates of 
Early Cretaceous age along the western 
margins of this area suggest that the 
effects of uplift were continuous from 
the beginning of Interval D into Early 
Crctar.eous time. In contrast, positive 
areas in Colorado that earlier had been 
active, were not prominent during 
Interval D and were largely buried by 
accumulating sediments. ln general, 
belt:.<; of thickness for this interval trend 
northwestward across the region in 
contrast to the earlier northward 
trend. In the West Coast region, major 
tectonic events early in Interval D 
metamorphosed and deformed de­
posits of the former eugeosyncline. A 
new trough followed, clearly linear 
and not patchy in areal pattern, and 
different from the preceding t rough in 
t-;1:.ructure, volcanic constituents, and 
types of sediments. Apparently the 
source of sediments was to the east 
and deposition continued into Cre­
taceous time in much of t he region. 

(6) The studies summarized in thlli 
folio indicate local, as well as regional, 
features that may be signincant in the 
exploitation of underlying rocks, even 
in areas where Jurassic rock,:; ;Lre not 
of direct economic interest. Paleo­
tectonic folds are evident, for example, 
in northwestern Kansas-folds that 
are masked on structure-contour maps 
by overlying unconformities and by 
post-Jurassic tect.onism. These folds 
are clearly indicated by bends in 
formation contacts on the paleogeo­
logic map (pl. 2). A regional angular 
unconformity is evidence that major 
tilting and truncation occurred after 
Guadalupe (Permian) and before Late 
Triassic time. Moreover, anticlines 
evident on the paleogeologic map coin­
cide with belfo of thinning evident on 
the summary isopach map (pl. 3). 
Thus, earlier formed tectonic elements 
appear to have controlled loci of maxi­
mum deposition and may also account 
for thicknesses and limits now pre­
served. These tectonic elements, 
therefore, were reactivated in Late 

also be represented in the 13,000 ieet exposures of these rocks in the north­ Lytle sandstone, 98 feet stratigraphi­ to as the Mogollon Highlands by Lithofacies trends in Morrison strata that in the southern par t of the Com,t belts, a wide, continuous sheet of Jurassic time and pos..">ibly again later. 
of volcanics in the upper part of the 
Milton formation (locality 4 ). Farther 
south, the Mariposa formation, which 
has been dated as late Oxfordian and 

ern Quitman Mountains (Albritton, 
1938,p.1764;Huffington, 1943,p. 996). 

MIDCO~TINENT H.KGION 

cally higher, in the Turkey Creek sec­
tion (Lee, 1927, p. 28), 1.8 miles to 
the south. 

Of the revised type section VlaagC 

Harshbarger and others (in press). 
Most likely the uplift was the begin­
ning of major crustal dh:;lurbances, 
the record of which is prominent in 

of southwestern Wyoming are oriented 
approximately northeast-southwest. 
Sandstones are more abundant in the 
section than farther east. 

Range, part of it is of Jurassic age; in 
the vicinity of San Francisco, a part, 
at least, is Early Cretaceous. Attempts 
to assign any one age to rocks mapped 

Triassic formations extending from 
Canada to central Arizona. The re­
gional structure is that of a major 
southv.-·~t-plunging synclinorium de­

( 7) The summary map (pl. 3) of 
Jurassic deposits indicates three major 
regions of sedimentation during: the 
period. Although deLails in the be­

Kimmeridgian, extends in one or more Formation included.-East of the states (1955, p. 25) that none of the southern Arizona beneath deposits of An increase in thickness and in as Franciscan or Franciscan equiva­ veloped during the last stages of the havior and outlines or each varied 
narrow belts for more than 150 miles 
along the western slope of the Sierra 

Colorado Front Range, Interval D 
consists of the Morrison formation. 

sandstone lenses contains pebbles of 
chert and quartzite. Waldschmidt and 

Early Cretaceous age (McKee, 1951, 
p. 495 ). That movement continued or 

abundance of coarse detrital rocks in 
the Morrison, from east to west across 

lents from islands off Baja California, 
on the south, to the Olympic Moun­

Paleozoic and persisting into the Tri­
assic. 

considerably from interval to in terval, 
certain basic g-eneralizations are ap­

Nevada. Rocks of this age have not Rocks of this interval are more exten­ LeRoy's (1944, p. 1100) upper Morri­ was renewed in very late Jurassic or V,ryoming, supports the suggestion tains in v,;rashington on the north, are (2) Rocks of Interval A are con8id­ parent. The Gulf Coast reg-ion was a 

been identified either to the south or sive than those of older Jurassic inter­ son c..-ontact is, according to "\Vaag8, Early CretacL>OUs time is suggested by that it may be correlated with the considered speculative. erably more limited in areal distribu­ basin whose northern margin nearly 
to the west of the Sierra Nevada. 

Oregon formations included.-The 
vals and, in most places, overlap them. 
Only in west-central Kansas is there 

the base or the uppermost sandstone 
lens in the Lytle formation. Vhage's 

the progressively greater southward 
truncation and beveling of Morrison 

lower part of the Ephraim conglom­
erate. Whatever the age of the Eph­

Knoxville formation.-The Knox­
ville formation is best known and 

tion than those of other .Jurassic 
intervals. In a majority of places, they 

paralleled the present Gulf Coast; 
more than 6,000 feet of sediments ac­

unfos.silif erous Lonesome formation in 
east-central Oregon (locality 1) is ten­

an exception; there 
unit extends farther 

the underlying 
east. In central 

top of the Morrison is stated (1955, 
p. 25) to lie between 35 and 55 feet 

and Cow Springs deposits accom­
plished prior to Dakota deposition. 

raim, however, the source of coarse 
dotrital sediments in the Morrison was 

most extensive on the west side of the 
Sacramento Valley in California, 

FIGURE 5.-METHOD OF DETERMINING TIME PLANE USED 
rest conformably upon Triassic strata 
and, over wide areas, the boundary 

cumulated there during the period. 
Most of the Western Interior region 

tatively assigned to Interval C because Nebraska and north-central Kansas, below Waldschmidt and LeRoy's top Probably these movements were re­ relatively nearby to the west. where its average thickness is about IN CONSTRUCTING ENVIRONMENTAL MAP currently recognized between the sys­ received relatively thin deposits and 
of its relationship to the underlying because of a dearth of subsurface (1944, p. 1102 ), and is shown (1955, lated to the major disturbances farther Upper boundary of Interval D. -Be­ 11,500 feet (Anderson, 1945, p. 920). tems is open to question. Strata of appears to have been a shelf area. The 
Trowbridge shale which is Callo­ data and because of difficulties in p. 21 ) as 45 feet below. The upper, west that are ascribed to the Nevadan f!ause the a~e of the Ephraim con­ It has been recognized at. several points are located at one-fourth the incursion of the sea along a belt near this interval in the Western Interior western part of the reg-ion, however, in 
vian in age. In much of southwestern 
Oregon and northwesternmost Cali­

recognizing the Jurassic-Cretaceous 
boundary, the eastern limit of the 

dominantly red varieg-ated claystonec. 
and lenticular sandstones then are 

Revolution and took place at the close 
of Jurassic time. 

glomerate is not known, the position 
of the upper boundary of Interval D 

localities in the Coast Ranges of Cali­
fornia, but is not known to extend 

distance above the base of Tnterval D 
and are assumed to represent approx­

the Colorado-UL--ih line is represented 
by the Moab member of the Entrada. 

region consist very largely of sand­
stone, forming a thick wedge whose 

Wyoming, southeastern Tdaho and 
parts of Utah, received more than 

fornia, sedimentary and volcanic rocks Morrison is not well established. about 68 feet thick, rather than 113 Upper boundary of Interval D.-The is questionable in westernmost Wyo­ south of Santa Barbara County (local­ imately the same time throughout the In west-central Colorado, the loca­ margins and axis are considerably 6,000 feet of deposits and shows the 
several tens of thousands of feet thick The stratigraphy of the Morrison reet, according to Waage. upper contact of Jurassic formations ming and southeastern Idaho. Farther ity 37 ). Only a few known and several area involved. Thus, as shown by sec­ tion of an evaporite basin is indicated west of those of succeeding intervals. characteristic=; of a miogeosyncline; 
are assigned, where divisible, to the formation in central and eastern Colo­ The disagreement on the upper con­ in northern Arizona and New Mexico east in central Wyoming, recognition tentative correlatives of the Knox­ tions that accompany each map (pl. 9 ), by deposits of the Wanakahformation, In the western and southwestern part,<; the original western limit of this geo­
Dothan, Rogue, and Galice forma­ rado is no t well known, considering tact of the Morrison at the type sec­ is in most places easily recognized. of the boundary is also difficult be­ ville are known in the northern Coast data are obtained as objectively as which includes limestone and gypsum of the area most of the sand, believed syncline is unknown. Evidence of a 
tions (Wells and Walker, 1953). The the many years that have elapsed tions illustrates the probable incon­ Over a major part of the area, coarse cause rock types in the Morrison and Ranges, but rocks of comparable lith­ possible from the records of measured of the Pony Express member. The to be eolian, had a source to the north­ eugeosyncline that persisted in t he 
stratigraphic limits of this mass of since the formation was first described sistency in recognition of the contact sands and gravels of the Dakota sand­ overlying Cloverly formations are sim­ ology and fossil content have been sections and well logs. northern end of this basin received an west, whereas windblown sands or the West Coast region includes tens of 

rocks have not been determined, but 
the Dothan is considered, at least in 
part, Oxfordian in age and the Galice 

and also its fame as a source of dino­
saurs. Except at the revised type sec­
tion we.st of Denver ('Waldschmidt 

a t various localities within the region. 
The Lytle formation of the Dakota 

group is similar to the upper part of 

stone rest upon an eroded and chan­
neled surface so that the unconformity 
is apparent in outcrop. Near the ex­

ilar (Peck and Reker, 1948, p. 125-
139 ). Here the boundary commonly 
is placed at the base of the lowest 

described in southwestern Oregon both 
as the Myrtle formation (Diller, 18~8, 
1901, 1903, 1908 ), which is in part 

MONTANA DURING U••TERVAL B 

Stratigra.phir, datum.-Environ­

influx of sand, probably from an ad­
jacent land mass. Farther west the 
north end or the sect.ion C-C' includes 

following intervals were derived largely 
from the southwest. Uplift took place 
in ccnt.ral Nevada during this interval 

thousands of feet of both sedimentary 
and volcanic rocks. The northeastern 
margin of 1.his eugeosyncline ex tended 

as Kimmeridgian; the Rogue forma­ and LeRoy, 1944, p. 1100-1101), no · the Morrison and differs only in its treme northeastern corner of Arizona well-sorted sandstone of the Cloverly, Cretaceous, and as the Upper Jura&<;ic ments of deposition and erosion over marine glauconitic sandstone of the as shown by coarse conglomerates un­ into western Idaho where it was sep­

tion i<; an intervening unit made up subdivision of the formation com­ local predominance of sandstone and and iiorthward in Utah, Lower Creta­ Still farther east, the boundary coin­ Knoxville format.ion (Diller and Kay, most of Montana are portrayed in Curtis formation; north of the area conformably overlying- earlier Jurassic arated from the miogeosyncline to the 
predominantly of volcanic flows and 
tuft's. 

Washington formations included.­

parable to that in the Colorado Plateau 
has been attempted. Descriptions of 
surface sections measured at the be­

conglomerate, in the somewhat lighter 
hues of its variegated beds, and in the 
composition of its conglomerates. Con­

ceous strata of the Burro Canyon for­
mation are reported to conformably 
overlie the Brushy Basin member of 

cides with a regional disconformit y. 

MOTIANA AND NORTH DAKOTA 

1924; R. Vil. Imlay, personal com­
municat.ion ), 

Lithofacies data are very incomplete 

figure 1, plate 9, as they are believed 
to have existed at a time early in 
Jnterval B. The assumed time for 

shown, marine sand, mud, and lime 
were deposited. 

Jn south-central Utah and in south­

marine limestones to the west, In the 
\Vest Coast region, the composition 
and extreme thickness of sedimentary 

east by a very narrow but tectonically 
active barrier. Some of the many 
poorly dated, major intrusive bodies 

In a thick conformable sequence of 
predominantly dark siltstone in the 
northern Cascade Mountains of ¥lash­

ginning of the century (e. g., Lee, 
1901, 1902) are still among the best 
available for some localities and knowl­

glomerates of the Lytle include domi­
nantly chert and quartzite pebbles 
and interstitial sand; those in t he 

the Morrison formation and h;:ically 
the boundary is difficult to recognize 
so that it must be placed arbitrarily 

Formations included.-Interval Dis 
represented· throughout most of Mon­
tana by t.he Morrison formation. Tt.s 

for this region. Dark mudstone and 
siltstone are the predominant rock 
types in the Knoxville, but sandstone 

which this map has been constructed 
wa,:; determined by the intersection of 
Interval-B rocks and a plane, arbi­

western Colorado and southeastern 
Utah, patches of dune sands(?) of the 
\Vimmr, Cow Springs, Bluff, and Junc­

rocks, and the abundance of irregularly 
distributed volcanic rocks indicate 
eugeosynclinal development . 

in the West Coast region apparently 
formed during or at t he close of this 
period. The absence of Jurassic rocks 

ington (locality 6), fossils have been edge of the formation in areas outside upper part or the Morrison include (Stokes, 1944, p. 957). In eastern New rock<; are t ypically variegated silt­ (grayv:acke of some authors ), con­ trarily selected to pass through them tion Creek sandstones overlie regu- (3 ) Strata tentatively assigned to over most of the eastern half of the 

found that date part of these marine the Colorado Plateau has not increased chert and quartzite pebbles but also Mexico the Purgatoire formation of stones, claystones, and interbedded glomerate, and limestone are alRo pre..s- at one-fifth the distance above the 1 a rl y bedded deposits of the Interval B are the earliest of Jurassic United States is an apparent feature. 
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23,1. Md)anna ld I Young. *PI. 
236. Continental 1 Powell . *AmStrat., 

1952. 
237. Continental I 1__...nmer. *AmStrat., 

1953. 
238. Superior 1 St.ate. '>AmStrat., 19fi2. 
209. Continental l S,;atc-Fergu?. 

" Arn8trat., 19:i3. 
239. Corit i 11en1.a1 l Sla t.e-Fcrgus. 

*Ogden, L ., 1964. 
240. Cnntinr.ntll.l &. SI.rake 1 Sr.ate. 

*AmS LraL., 1953. 
2H. Continf!nta l 1 V{hi t.e. *AmStrat., 

1953. 
242. Continenta l 1 McClave. •AmStrat., 

1953. 
244. Wnllnr.c 1 Wi tt<' . *1\raSlrat., 1952. 
24.5. Oldham 1 Gaulke. *PI. 
2-ifi. Baker & l'aylor l Le Sage. 

*AruStrat., 1954. 
24fi. Bahr & 'T'aylor l Le Sage. USGS, 

¥Maher, J.C. 
247. Slrnll 1 Kigb,'>l. *AmStrat., 1950. 
248. Canada Southern 1 Nr.inmn. *PI. 
249. Amerada 1 Colorado St.aLe. 

*AmSt rat. , 1954. 
2.')1. DPep Rur.k 1 Edmondson. 

*AmStrat., 1954. 
252. S\V ~:xplur. 1 Sta te. *Texas Co. 
253 . Sherrod & Apperson l Ren~iek. 

*AmStrat., 19r,4_ 
254. Abercrumbie 1 State. *Pl. 

256-259. USGS, "Craig, L. C. 
2GO. Twin "T", Brown & Ra.rues 1-10 

Nicklas. *AmStrat., 1954. 
261. Seaboard 1 Duell. *AmStrnt., 1953. 
262 . 'T'nrrey 1 'Whi r.sou . *Texas Co. 
263. *Ogden, L, !95'1. 
264. Huber 1 Abrams. *AmStrat., I 9fi'1. 
26G. I"reep H.nr.k et al. 1 Sf.ate. •AmStrat. 
26fi. M a rlami 1 Table Mesa. USGS, 

1').fahcr, J.C. 
267. *Ogden, L. , 1954. 
268. Ginther, ·warren, & Ginther 1 \Vard. 

*PL 
269. Ohio 1 Gall. c+pl_ 
270. \Vcstcrn Central & Twin "T" 

1-28 Keester. *PL 
271. Hunt l Koch. *AmSb-at., 1954. 
272. John.~on & Sullivan 1 McCarty. 

*AmStrat., l!Hi 4. 
278. California 1 Winder. '"PL 
274. Helium 1 McDonald. ·"'Texa.A C,i., 

19-13. 
275. Huber & Frontier 1 lieimz,, 

*AmStrat. 
27fi. HuhP.r &. ~·ront.in l Heintz. USGS, 

*Maher, J.C. 
27G. Huber & Frontier 1 McC:arrull. 

*AmStrat . 
277. Skelly 1 Pressey. *AmStr»t. 
278. Continf!nt.al l Gentz. *Maher, J.C . 
279. California 1 Baiamontc. 

*AmStrat., 19/;H_ 
280. Midficlds 1 Stote. *AmStrn.t . 
;l81 . Livermurf' 1 Green. "'AmStrat., 1952. 
282. USGS, •Crnig, L. C. 

283-287. *Ogden, L., 1954. 
288-28!1. USUS, *Craig, L. C. 
290-292. USGS, 1935. 

29,1. Superior 65--23 Weisenhergf!r. ·'PI. 
295. Hunt 4 HuRy. "Pl. 
296. USGS, *Craig, L. C. 
297. Pierce, A . .P., 1952, p. 12-14. 
298. P un> l \Varren . *Ogden, L., 1954. 
299. Kinney, Coastal Plain & 'l'P.XIL~ 

I P ine. *PL 
401. Head et al., 19-19. 
-101. Wood et al., 1948. 

402--406. Head et al., 1949. 
-105. USGS, *Craig, L. C. , rnso. 

406--407. Wood ct al., 1948. 
408-416. Thomas et al. , 1945. 

416. 'l'homos et al., 1944. 
416. Bai,lll, 1946. 

417-418. Thomas ct al., 194fi. 
41-9. mms, *Craig, L. C., 194.9. 
419. Stauffer, 1953. 

41 !l-420. Shf!ridan, 1950. 
420. Wanek, lif53. 

421-425. USGS, *Craig, L. C., 1950. 
425. Pipiringos, 1953, p. B4-3S. 
426. USGS, ''Craig, L. C . 
127. USGS, *Craig, L. C., 1 949. 
427. Donrier, 1949, p. 1215-1246. 
42 7. Sl1eridan, 1960. 

428-430. USC:8, *Craig, T,. C. , 1949. 
4:H. USGS, *Craig, L. C. , 1950. 

432-440. \JSGS, *CraiR, L. C., 1949. 
441-446. USGS, *Craig, L. C., 1950. 
447-448. USGS, *Craig, L. C ., 1949. 

4r,o_ USGS, *Craig, L. C., 194!l. 
-151- 152 . USG8, *Craig, L. C., 1948. 
453-41i4. USGS, *Craig, L. C., 1949. 

455. USGS, *Craig, L. C., 1!148. 
4.!i6. USGS, *Craig, L. C., 194!)_ 

,157-462 . USGS, *Craig, T.. C., 1918. 
468 . USGS, *Craig, L. C., 191io. 
464. USGS, "Craig, L. C., 1!l47. 
46fi. L-SGS, *Craig, L. C., 194!!. 

493. Steven, 1953, p. 106-110. 
494. rT8C.S. *C raig, I.·. C. 
4!lil. JenkinR & McQueen l Schmidt. 

*AmStrat., 1948. 
496. .BJml-l<'root & West. X a t . l 

MacfoWllh. *AmSlrat ., 1948. 
497. Skdly l Br.nton. "'·Am8tral., 1952. 
4!lR. Slick-Moorman l '\\'eaver. 

*AmStrat., 1951. 
499. H. E. R. l)r li,: . 1 Marr-TliomaH. 

*Arn8trat., 1!J riO. 
4!l9. Fi11le)'·, l 951. 
500. Plains Prod. l Macht. *AmStrnt.., 

194!)_ 
501. Slanulind 1 Schmidt Govt. 

. *AmStrat., 1948. 
502. Cold~wortl1y 2 Puri.t'r. *AmSlrat., 

1948. 
fi03. Tidr.wnter 1 Ute. *AmStra.L, 195L 
501. \\'bite & Duncun 1 Maez. 

*AmStrat., 1949. 
5115. Slanulind l Ut.e Indian B . 

*AmStrat., 1950. 
506. USGS, *Craig, L. C., 10-19. 
507. Lovering, 1934. 
508. Lee, 1912. 
508. Weeks, 1925. 
509. lJSG8, *Craig, L. C. 

510-521. Univ. Colo., *Cluonic, J. 
523-525. Sheridan, 1950. 

526. USGS, 1935. 
527. Great Western Drlg. l Fort Lewis 

school laud. *AmS1.rnt., 1053. 
528. Continen t.al 1 Ute Mtn. *AmStrat., 

1954.. 
ri;l9. HuhP. rt, 19,'i-4. 

630-631. Welder, 1!)54. 
532. Sh!:!ridan, 1950. 

533- 537. Univ. Calif.• •Langm1hei rn, R. L., 
Jr ., 19fi2-5,1. 

538. USGS, 1935. 
539. Penrn~ & Ta1.um l Orme. *AmStrat. 
510: Tl,ree Slalt'15 ~at. Gas~ White. 

*AmStrat. 

Idaho 
1. Mansfield, 1952, p. 35-39. 
H. Mansfir.\d, 1927, p. !l4. 
3. Imlay, 1953, p. 60-61. 
:-1. r:onfid. rcpt. 
5. il.fam;field, 1927, p. 103. 
(i. Imlay, l9fi:l, p. 60. 
6. Zeni, 1953, p. 82, fig. 4. 

Imloy, 195!1, p. 61. 
Imlay, 1952b, p. 1739. 

7. Kirkham, 1924, p. 20-22. 
8 • .\fa11sfield, 1920, 9. 53. 

10. Gardner, 1944, p. 8. 
1.1. Kiih1gaard, 1951, p. 10. 
12. Imlay, 1952b, p. 1740. 
14. Imlay, rnr,B, p. 61. 
15. Imlay, 1953, p. 60. 
16. Heikkila, 190,3, p. 93. 
17. Cnnfitl. rept. 
21. Im lay, 1953, p. 62. 
22. Livingston , 1932, p. 33-35. 
23. Cook, 1954, p. 4., 8. 
24. Anderson, 1980, p. 1 5. 
25. \VagnRr, 1945, p, 5. 

Kansas 
•1. McLaughlin, 19-12, p . 104-105. 
6. McLaughlin, H+42, p. 106. 

McLaughl in, l !H2, I'· 107. 
8. McLaughlin, 1912. p. 108. 
9 . .M:cLau:;i:hlin, 1942, p. 108- 10!!. 

10. McLaughlin, 19•12, p. 109-110. 
11. McLaughlin, 1942, p. 110. 
12. McLaughlin, 1942, p. lll. 
13. McLaughlin, 1942, p. 115. 

14-15. McLau:;i:hlin. 1942, p.116. 
16- 17. McLaughlin, J!)1 2, p. 118. 

18. McLaughlin, 1942, p. 120. 
20. M r:l,aughlin , 1%2, p. 122. 
23. McLaughlin, 1943, p. 211. 
2fi. Sr.anolind l .Pat.t.ernun. 

*I-Iallgarth, W. E., 1954. 
29. Black l\fanshall 1 Ratzliff. 

*Kans. G. Surv. 
34-35. .\1eLaughlin, 1943, p. 198- 199. 

37. McLaughlin, 1940. p _ 210. 
3!-1. McLa.ughlin, 1943, p. 212. 
,12. McLaughlin, 1943, p. 194. 
Ml. Md .aughlin, 1943, p. 195. 
45. Prescott, 1951, p. 26. 
1 6. Norton, 1939, fig . 2. 
47. Morgen-F lynn & Cobb l McM illen. 

*Kan~. G. Surv. 
18. nose Springs 1 Wright. 

*).1erriaru, D. F. 
4!). Nortun, 1938, p. 75. 
50. Norton, 1939, fig. 2. 

52-54. Norton, 1939, fig. 3. 
[ifi-60. Norton, 19B9, fig. 3. 

63. Landes & Keroher, 1939, pl. Ill. 
64. McLaughlin, 1946, p. 170. 
65. McLaughlin, 194\i, p. 179. 
G6. McLaughlin, 1940, p. 180. 
67. McLaughlin, l!l46, p . 181. 
68. McLaughlin, 1946, p. 185. 
69. McLaughlin, 1946, p. 18fi. 

70-71. M<'Laughlin, 1946, p. 189. 
72. McLaughlin, 1942, p. 19 L. 
78. McLaughlin, 1912, p. 193. 
75. McLaughlin, 1942, p. 196. 
77. Mr.Loughlin, 1912, f') . HJ9. 
79. McLaughlin, 1942, p. 202. 
80. McLaughlin, 1 !J42, p. 203. 
81. McLaughlin, 1942, p. 204. 
83. McLaughlin, 1942, p. 212. 
84. Brack 2 Judy. *Kans. Sample Log 

8erv., 19fi2. 
85. +Merriam, D. F., 19fi4. 
86. Servicf' Drlg. 1 Bee!'.on. •Kans. 

Sample Log Scrv., 1962. 
87. King 1 Mart io. *Pl. 
88. Bankuff 1 Reams. *Kana . Hample 

Log Sen·., 19ri8. 
!lO. *Merriam, D. F., 195•1. 
91. Superior l Tucker "A". *Kans. 

SamplP. T.oi:i: Serv., 1%2. 
92. Texais 1 Walz . *Kans. Sample Log 

Scrv., 1952. 
94. Marlarid l H.egger. "'Texas Co. 
95. Danciger et al. 1 Jones. 

*Kans. G. Surv. 
98. BiKnn 1 Rwf.ian. '"Texas Co. 
99. Frost Drlg. l Hull. *Kam,i. C. Surv. 

100. Sindair-Prairie l Robbins. 
*Kans. G. Surv. 

103. P h illi11>< 1 McKinley . *Texas Co. 
106. Marland 1 Low. *Texas r:o. 
107. C. S. 0. 1 Johnflm1. *Ka m;. G. Surv. 
108. Texttll 1 Dougherty. *Kans. G . S11rv. 
109. Midwest-Skelly 1 .Jonf!.'.; . "'Texas Co. 
t!0. Westf!rn Producers l Murray. 

*Texas Co. 
l 11. Aylwar<l P.t al. 1 Silvers. •Texas Co. 
112. Keys 1 Parson. *Texas Co. 
113. Gulf Coast Drlg. l St. ,JnhnR. 

*Texa.<: Cu. 
11-1. Ram;;l'y & Mab<:y 1 Ryan. 

*Tcxa<: Co. 
115. Texas 1 Federal Land. 

*Kans. G. Surv. 
1J6. 'l'P.rns 1 McArthur. •Texas Co. 
117. Continental l Morel . *1'P.xas Cu. 
118. Findeiaa et al. I Ca:;ey, *Texas Co. 
119. Sinclair-Prairie- 1 Mercer. 

*Kans . C. Surv. 
12 1. Day I F.alun. "'Texas Co. 
122. Keys l Davidson. *Tex11~ Co. 
123. Key.<1 1 V.'al><h . *Texas Co. 
12,1. Texa>1 1 Smith. "Kans. G. 8urv. 
126. Sinclair-Prairir. 1 W1dlace. 

*Kan~. G. Surv. 
127. Phillips 1 Schitz.. *Kans. G. 8urv. 
12:,;_ Helmerich & Payne & .Phillips 

1 Wyatt. *Kans. G . Surv. 
129. Helmerich & Payne 1 Sa-,,.age. 

"'Kan~. G. Surv. 
130. Stanolind 1 CAHO. "'Kans. ({. Surv. 
131. Ohio l Rose. "Kans. n. Surv. 
1H2. HP.lrnerich & Payne & Phillips 

1 Le Count. *Kans. G. 8urv. 
133. Lario l Kard. *Kans. G. Surv. 
13•1. Lario l Lynch. *Kan.<1. G. Surv. 
135. Helmerir.h & Payn!:! l Paxton. 

"Kans. G. Surv. 
136. Sinclair 1 Bremer. *Kans. fi . Sur v. 
1:17. Stanolind 1 Mull~n. *Kans. G. Surv. 
138. CSO l Mui r. *Kuns. G. Surv. 
140. Stanolind I Bryan . *Kans. G. Sun·. 
141. Derby & Crow l Steele. 

*Kana. C. 8urv. 
112. Keating 1 School. "'Kans. G. Surv. 
143. Keating 1 Kirtley. *Kana. G. Surv. 
144. Shields 1 Belveal. *Kans. G . 8urv. 
145. Texas l :Meeks. *Kan.<1. G . Surv. 
146. Roberts 1 Corrick. *Kans. G. Sun-·. 
147. Sinclair l Cogswell. *KnnH, C:. Surv. 
148. McKnah 1 Krusi. *Kans. G. Surv. 
149. Phelps 1 Wilson. "Kans. {L 8mv. 
H,O. Phill ips 1 Fick. * K1tmi. G . Sun:. 
151. B &. G 1 Goodrich. *Kans. G. Rurv. 
152. Amerada 1 Melchert. *Ka ns. G. Surv. 
15a. lfays & Hull l Ruark. 

*Kan8. G. Surv. 
154. G ulf 1 Henry Fee. *Kans. G. Surv. 
155. Shell I Scott. *Kans. G. 8urv. 
156. Sinclair-Prairie 1 Fry. *Kans. r.. 8urv. 
157. Champlin l Swcisgood. 

*Kans. G . Snrv. 
153. B & R Drlg . l J antzen. 

*Kans. G. Surv. 
159. Sinr:lair 1 Elmore. *Kans. G. Surv. 
160. Empire 1 Athens. *Knn~. Sar:nple 

Log Serv., 1958. 
161. Texas 1 Baynes. •Kans. Sample Log 

Sen.-., 1951. 
162 . Strain & Hall I Odle. " Kans. Sample 

Log. Serv., 1952. 
168 . Savage& Dunn 1 Fee. *Kans. Sample 

Log S!:!rv., 1953. 
164 . .Musgrove 1 Mines. "'Kans. Sample 

T.ug Serv., 1952. 
lfi.). Keating l WP<dPy, "'Kans. Sample 

Log Se:-v., 1952. 
166. Andernon-Prich:ml. 1 Bruok s. *Kans. 

Sample l,og Serv., 1953. 
167. Empire 1 Gray. "'Kans. Sample 

Log 8erv., 1952. 
168. Andl:!rson-Prichard 1 Nitsch. 

*Kans. Sample Log Se.rv., 1953. 
169. Natl. 1 Lewis. +Kans. Samplr. Log 

Ser:., 1968. 
170. Gore 1 Kauer. "'Kam,. Sample Lug 

Serv., 1951. 
171. Paek l Green. *Kans. Sample Log 

Scrv., 19r,1. 
172 . Herndon 1 Bad~r. •Kans. Samplr. 

Log Scrv., 1951. 
173 . V.'oodriver l Oliver. "'Kans. Sample 

Log 8erv., 1951. 
174. F:mpire 1 \Vard. *Kans. 8amplf! Log 

Serv., 19Ga. 
l7fi . Rrnwn 1 R l'OO. '"Kans. Samplr. Log 

Serv., 1953. 
176. Keating 1 Ridgley. "'Ka11H. Sample 

Log 8f!rv ., 1952. 
177 . Empire I Goddard. *Kans. Sample 

Log Scrv., 1952. 
178. GMR 1 Emigh. *Kans. Sample J,ug 

&rv., 1963. 
179. Natl. l Drew. "'Kans. Sample Log 

8erv., 19fi4. 
180 . PratL 1 Cooper. *Kans. Sample l,ug 

Rcrv., 1YS:~. 
181. A11dl:!rsun-Strain l ).{oos. *Knrrn. 

Sample Log Serv., 1952. 
183 . .Prime 1 Stober. *Kans. Sample Log 

Serv., 1962. 
184 . Anschutz I Bollig. *Kans. Sample 

Log Serv., 1953. 
185. Trans-T!c'.x & Pl1il!ips l Keller. 

*Kans. Sample Log 8erv., I !)52. 
186. \\/y ,~ull' & Williams 1 Chase. " Kans. 

Sample Log Serv. , 19f,;l . 
187. Gore l Slitl'l:l. *Kans. Sampl!c' Log 

Sen•., l !lfil. 
l 88. Prime 1 Fallow. ~Kllta><. Sample Log 

Serv., 19fi2 . 
18fl. Kiddle l Albers. "'Kans. SamplP. Lui; 

Serv., 19f,fl. 
I !lO. Lauck I SLor~r. *Kans. Sample Lug 

Serv., I 950. 
191. Davis B roie. l De.\{urray "B". 

*Kans. Sample Log Sen.·., 19.51. 
192. Brack I Gnr.ha.m . *Kans. Sample 

Lug Serv., 1952. 
198. CflA 1 Schaffear "A". *Kans. 

Sample Log Serv., 1953. 
194. Riddle l \Yor!r.y. *KariH. Sample Log 

Serv., 1952. 

202. \!,Toodward l Bruner. *Kans. Sample 
Log Sen·., 1953. 

203. Continental l Armantroat. *Kans. 
Sample Log Serv., 1952. 

20•1. Duncan 1 Sell. "Kan.<1. Sa mplf! Lug 
Sen·., 1951. 

205. Herndon 1 Ki rk. *Kans. Sample Log 
Snv., 1951. 

2U6. V.'oodward I Al<:xamlcr. "'Knrrn. 
Sample I.og Snv., 1953. 

207. Woc,<lwa~rl l LP.hnPr. *Kan,:;. Sample 
Log Serv., 1953. 

20K R & R 1 Darbro. "'Kari,;. Sample Log 
Sers·., 1952. 

209. Alpine & Berwick 1 Landgraf. '"'Kami. 
Sample T.og Serv., 1951. 

:no. Trans Era 1 Miller. " Kans. Sample 
Log Sr.rv., 195a. 

211. \Voudward l Buck. "'Kans. Sample 
Log Serv., 1954. 

212. B & R 1 John8UI:., *Kans . Sample 
Log Scrv., 1952. 

2J3. Prime 1 Menrlenhall. *KanR. Sample 
Log Serv., 1952. 

21-l-. Valf!rms-Roucher 1 Samson. *Kans. 
Sample Log Sl'rv. 

216. Ashlanrl 1 Kacirr.k. "' Knns. Snrnple 
Log Sl:!l'v., 1954. 

217. N.C.R.A. 1 8tone. *KanR. Sample 
Log se·rv., 1954. 

218. Texas 1 Keenan. *Kans. Sample Log 
Serv., l!l5L. 

219. N.C .R.A. 1 Bangle. *Kans. 8nmple 
Log Sen·., 1!)f,4_ 

220. We~t Pan. Hydro-Carbon 1 W!:!ssc\l. 
¥Kans. Sample Log Scr-v., l!!fi4. 

221. N.C.R.A. 1 Teagar,J pn. *Kari~. 
Sample Log Serv., 1954. 

222. Heathman & Seligman 1 Snndf'r. 
'"Kans. Samvle Log Sen· ., 1954. 

2:::0. Cities Service 1 James. *Kans. 
Sample Lug Sen., 1954. 

224. ).1ack & Proctor 1 Nelson. *Kans. 
Sample Log Rr. rv., 1964. 

225. SkileK 1 Sharp. •Kans. Sample Log 
Se:-v., 1952. 

226. CitieH Service 1 Sells. '"Kans. Sample 
Log S!:!rv., 1951. 

227. Rooney, Siegfried & 'T'homai\ 1 Smit h . 
"Kans. Sample Log Serv., 1954. 

228. Carter 1 Overton. '"'Kans. Sample 
Log Serv ., 1954. 

229. CoppiJ1ger 1 Beyers. "Kans. Sample 
Log Serv., 1952. 

230. Huber l Walkemeyer. *KanH. Sa.mple 
Log Ser-.:., 1951 . 

2,11. Huber 1 Sparks. *'Kan.<1. Sample Log 
Sf! rv., l!l51. 

232. Cities Service l Boehm "A". *Knns. 
Sa111ple Lug Ser-,., 1953. 

i33. Allen Coop 1 Skelton. *Merriam, 
u . ~·-, 1954. 

231. Flynn IA \Villis. +.\{erriam, D. F ., 
1954. 

235. :'.'fort.on, 1!)3!), fig . 3. 
2:-16-238. "'Merriam. D. F .• 1954. 

2R!l. Hall-Midweflt 1 Donal<lRun . 
*Texas Co. 

240-246. "'Merr iam, D. F., 19!i4. 
~ 2-1.7. Ander~un-Pridiard l Pollnuw. *Kans. 

Sample Log Scrv., 195:-1. 
248-251. *Merria m,· D. F., 1954. 

Louisiana. 
7. Hazzard et al., 1947, p. 491. 
8. Hlanpied & Hazzard, 1!l44a, p. 27fi. 
9. Imlay, 1913, p. 1107-75. 

10. Imlaj--, 1943, ti.gs. 5, 6, p. 1441, 1444. 
I 1. Imlay, !!J43, fig. 5, p. J.1,11. 
12. Imlay, 1943, fig. 5. 
12. Chapman, 19f,1, p. 18-28. 

13-15. Imlay, 19,13, fig . 5. 
16. Swain, 1944, p. 591-2. 
17. Swain, 1944, p. 601-2 . 
18. Imlay. 1946, p. 254. 
18. Norton l Payne. *Imlay, R. W . 
31. Hazzard et al., 1947, p. 489. 
31. ShrevP.port C. Soc., 1!)'17, p. 411 -9. 
32. Blanpied & Hazzard, 1944c, 

p. i,ii8-[,61. 
43-44. Shrevepor t G. Soc., 1947, pl. 2. 

55. Tilleux, 1951, p. 29-36. 
62. Swain, 1944, p. 586, 

67-63. Shreveport G. Soc., 1!l49, sec. A-A'. 
69-70. Rinehart, l!J50, JJ. 5. 

76. United Gas & I'ublic ScrvicP. 2 
Hrounfield. *Imlay, R. v.,•. 

, ,. Standard of Louisiana 2 Frost Lbr. 
Ind. *Imlay, R. W. 

78. Haz:-.a rd e(. al., 1947, p. -192. 

,Vfe::dco 
1-3. King, 1!147, map 3. 

4. *Still, J . 0., 1946. 
6. Imlay, 1!'143, p. 14.87. 
6. King & Adkins, 1946, p. 274-294. 

Imlay, 1943, p. 1509. 
8-9. Imlay , 1939, p . 1729. 

Miss·issippi 
I. Monro!:! & Toler, 1937, p. 39-52. 
3. Shreveport G. Soc., 1947, p . 248. 
4. Union-.lnnP.!l O'Bril:!n T11c., l Logan. 

*Knight, W. 
10-1 2. Shreveport G . Roe., 1947, pl. 5. 

22. Shreveport G . Sue., 1947, pl. 7. 
28, 30. Shreveport G. Soc.• 1947, pl. 2. 

35. Guff 1 Majors. *Dixie G. Serv. 
36. Gulf 1 Jones. *Dixie G. Scrv. 
37. Lion l Deleo. *Dixie G. S!:!rv . 
38. Carter 1 Cary. *Dixir. G. 8.-,rv. 
39. Armond Corp. e t al. 1 V{ynn. 

*Dixie G. Scrv. 
40. Gulf 1 _l<'ramel. *Dixie G. Serv. 
41. Hunt 1 Murphy. "'Dixie G . Serv. 
4.2. Applin & Appl in, I %3. 
•13. California 1 Mississ ippi Alluvial 

Farm!!. "Knight, W. 
-1-1. Pure 1 Jonl:!s. *Knight, Vl. 
45. Magnolia l Culp<"pJier. *Knight, V{. 
46. F.lliott ei al. 1 Eakee. *Knight, W. 
47. Southern Nat. Gos 1 Smith. 

*Knight, W. 
48. P la in!I 1 Breazeale. *Knight, ~·-
49. Pure l Rea. *Knight, W. 
:-,o. .Pla.eid l Cooper. *Knight, \\.'. 
51. Union 21 Stevens. *Knight, W . 
52. Southeastern Drlg. I F:lf!y. 

*Knight, W. 
5:J. Continental 1 Cameron et al. 

*Knight, VI'. 
51. Carter l Dcnkman . *.Knight,'\\'. 
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