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JURASSIC PALEOBIOGEOGRAPHY OF THE CONTERMINOUS
UNITED STATES IN ITS CONTINENTAL SETTING

By RarLpH W. IMLAY

ABSTRACT

During Jurassic time, marine sediments of considerable thickness in-
cluding bedded salt were deposited on the outer part of the Atlantic
Continental Shelf of the United States. The inner part of the shelf may
have been inundated also during Oxfordian to Tithonian time, coinci-
dent with extensive flooding elsewhere in the Atlantic Ocean and in the
Gulf of Mexico.

During the Early Jurassic, neither marine nor continental sediments
seem to have been deposited within the area now covered by the Gulf
of Mexico. Nonetheless, a marine embayment of Sinemurian to possibly
early Pliensbachian Age did extend northward from the Pacific Ocean
to east-central Mexico, where it terminated against a mass of meta-
morphic and granitic rocks in eastern Veracruz. The marine sediments
deposited are carbonaceous, contain much plant material and some
coal, and evidently were laid down in a warm humid climate. During
the later Early Jurassic, they were strongly folded, faulted, intruded
by igneous rocks, slightly metamorphosed, and then eroded. Presum-
ably, erosion took place mostly in Toarcian time after tectonic move-
ments in Pliensbachian time.

During the Middle Jurassie, marine sediments apparently were not
deposited within the Gulf region until the late Bathonian. Continental
sedimentation, however, took place in both Mexico and Cuba. In east-
central Mexico, plant fossils show that continental deposition began in
the early Bajocian. Such deposition took place over a larger area than
that covered by the Lower Jurassic marine beds, continued until some-
time in the Bathonian, but was followed by erosion before the early
Callovian. In Cuba thousands of feet of carbonaceous plant-bearing
beds were deposited during the Bajocian and Bathonian and possibly a
little earlier. These plant-bearing beds show that the climate was warm
and humid throughout the Gulf region during most of the Middle Jur-
assie.

During Callovian to early middle Oxfordian time, the Gulf region
subsided and received some marine waters from the major oceans,
which deposited thick masses of salt at various places. One marine em-
bayment apparently extended westward into Cuba and was probably
the major source of the salt. Another embayment extended from the
Pacific Ocean into the Huasteca area of east-central Mexico, where it
was separated from the Gulf at least in part by a land barrier located
near the present Gulf coast. Salt was deposited mainly during late Cal-
lovian to early middle Oxfordian time, but deposition may have started
in middle Callovian time. At about the same time in nearby areas in
east-central and northeastern Mexico, varicolored continental beds and
some red-weathering lava were deposited. The climate during deposi-
tion of the salt and nearby varicolored continental beds was probably
hot and dry in the Gulf region. The red silt and sand were probably
derived from upland areas to the west or north where the climate was
hot and seasonally rainy.

Near the middle of the Oxfordian, major portals to the oceans were
opened abruptly by major structural movements, and as a result sea-
water of normal salinity flowed quickly across the saline deposits and
far beyond. Subsequently, during the later Jurassic, the Gulf of Mexico
gradually deepened and widened; landmasses arose north of the Gulf

basin and shed considerable sediment southward; and deposition pre-
vailed in open marine water from Cuba and Florida westward to central
Mexico. Deposition continued into the Cretaceous in most parts of the
Gulf region except in some northern nearshore areas. The climate in
the Gulf region during Oxfordian to Tithonian time was probably hot
and moderately humid. Rainfall apparently became greater after the
early Kimmeridgian and was greater in eastern Mexico than in the
southeastern United States, as shown by the presence of coal beds in
Mexico. On the whole, the climate was probably similar to that in the
western interior region during deposition of the Morrison Formation.

On the Pacific Coast during Jurassic time, marine deposition took
place at depths ranging from very shallow to very deep, involved tre-
mendous thickness of sediment, included much volcanic material, and
gradually shifted westward.

During the Early Jurassic, a sea extended from the Pacific Coast as

-far east as the Snake River in easternmost Oregon and a similar dis-

tance east in Nevada. The deepest part of the sea probably trended
northward through westernmost Nevada into eastern Oregon and be-
yond, as indicated by continuous deposition of fine-grained sediments
from the Triassic into the Jurassic. By contrast, in eastern California,
Jurassic sedimentation apparently did not begin before the Sinemurian.

During Bajocian time, a shallow sea covered nearly the same area as
the Early Jurassic sea, except for an eastward extension into the west-
ern interior region. This sea received a great variety of sediments that
included much voleanic material, except in Nevada. Deposition of beds
of Bathonian Age in the Pacific Coast region of the conterminous
United States has been demonstrated by fossils only in eastern Oregon.
The absence of Bathonian fossils elsewhere could be explained by col-
lecting failure; it could also reflect the beginning of intense volcanism
which lasted into the early Oxfordian and which may at first have pro-
duced conditions on the sea bottom that were unfavorable for the pres-
ervation of fossils.

During the Callovian, marine waters covered most of the present
area of California, Oregon, and Washington, and during earliest Callov-
ian they also extended eastward into the western interior region. Enor-
mous amounts of coarse to fine volcanic debris were ejected from vol-
canoes and fissures into the sea, where they became mixed with
sediments derived from islands and larger landmasses. Apparently
deposition continued throughout the epoch, except in eastern Oregon.
The formation of oceanic crust during the Bathonian or Callovian ep-
ochs, or both, is suggested by the characteristics of the Rogue Forma-
tion in western Oregon.

Marine sedimentation persisted in the Pacific Coast region without
any apparent interruption, from Callovian to early Kimmeridgian time,
over a large area including California, western Oregon, and probably
northwestern Washington. During the early Oxfordian, deposition of
highly voleanic sediments continued just as during the Callovian. By
contrast, from late Oxfordian to early Kimmeridgian, the most common
sediments deposited were dark clay and silt, which in most places in-
cluded only fine volecanic material.

At the end of the early Kimmeridgian, marine deposition ceased in
areas underlain by the Mariposa Formation in eastern California, and
by the Galice Formation in western Oregon and in nearby California.

1



2 JURASSIC PALEOBIOGEOGRAPHY OF THE CONTERMINOUS UNITED STATES

Those areas were then uplifted, and the rocks were folded, intruded
locally by igneous rocks, and strongly eroded before the end of the
Jurassie. )

In some other places near the present Pacific Coast, marine sedi-
ments were deposited from the late Kimmeridgian to the Tithonian,
but in many other places such deposition apparently only took place
during the Tithonian. Some of the sediments, now represented by the
Knoxville and Riddle Formations, consist mostly of nonvolcanic ter-
rigenous clastic materials which locally contain limestone lenses and
which were deposited in shallow waters. Other sediments, represented
by the Dothan and Otter Point Formations and by the Franciscan as-
semblage, consist of volcanic clastic materials, breccia, lava, and chert
and were deposited in deep waters. All available evidence indicates
that the volcanie sediments were deposited far west of the nonvolcanic
sediments and in much deeper waters, but that deposition of both be-
gan at about the same time on oceanic crust of late Oxfordian to early
Kimmeridgian Age. Evidently, the oceanic crust was formed at the
same time at which the Galice and Mariposa Formations were being
deposited in areas far to the east.

That the climate in California and Oregon during Jurassic time was
probably warm is indicated by the presence of ammonites of Mediter-
ranean (Tethyan) affinities in those States and by the lack of certain
ammonites that are common in the Arctic region and along the Pacific
Coast as far south as British Columbia. The change is similar to that
found in Jurassic ammonite faunules between northwest Europe and
the Mediterranean region.

During the Early Jurassie, the western interior region south of Mon-
tana received as much as 3,000 feet (315 m) of continental sediments
deposited under fluviatile and eolian environments. During the late Ox-
fordian, Kimmeridgian, and probably early Tithonian, the region re-
ceived hundreds of feet of continental sediments deposited under flu-
viatile, lacustrine, and swampy environments. Between these two
episodes, the area was invaded five times by marine waters that en-
tered from the west through Idaho, Washington, or Alberta. Three of
the invasions were followed by complete withdrawals of the sea from
the region and twe by partial withdrawals.

The sea first invaded southeast Idaho early in the Bajocian, extended
from there northeast into the Williston basin and southward into south-
west Utah, and then withdrew completely at about the beginning of
the middle Bajocian. That sea left deposits of gypsum, red silt, limy
mud, some chert, and locally in the Williston basin, a little salt. The
characteristics of these sediments show that the sea was very shallow,
that its initial sediments were laid down in highly saline waters, that
later sediments were deposited in slightly deeper waters which sup-
ported some marine organisms, and that the sea deepened a little in
southeastern ldaho.

The second and greatest marine invasion of the western interior re-
gion started in the late middle Bajeeian and lasted until the early Cal-
lovian. The sea underwent marked shallowing in the middle Bathonian
and then withdrew nearly completely in late early to middle Callovian.
It entered across northern Utah, eastern Idaho, and southern Alberta,
surrounded a large island in central Montana, and was much more ex-
tensive than the sea of the earlier Bajocian except in eastern and south-
ern Wyoming during late Bajocian to early Bathonian. From late Bath-
onian to early Callovian, however, it advanced across Wyoming into
Seuth Dakota beyond the erosional eastern limit of beds of early Bajo-
eian Age. In this sea were deposited clayey to dense to oolitic lime mud,
limy clay and silt, gray to yellow limy sand, and some red silt and gyp-
sum. The sediments deposited at any one time were similar over great
distances, except for the initial deposits that filled irregularities on the
underlying erosion surface. Most of the sediments were deposited as
the sea transgressed. Regressive deposits include the Boundary Ridge
and Giraffe Creek Members of the Twin Creek Limestone and their
equivalents.

The second marine invasion was terminated near the middle of the
Callovian by the rise and enlargement of a large island in Montana that
cut off marine waters from the north. South of this island in very shal-
low, probably highly saline waters were deposited unfossiliferous, red,
even-bedded, fine-grained sand that thickens westward from 100 to
1,000 feet (30 to 300 m) or more, and that extends from the Black Hills
area southwestward through southern Wyoming and northernmost
Utah into southeastern Idaho. Near Idaho Falls, the lower part of the
sand was deposited along with some marine lime mud and sand. This
marine facies thins eastward to an area near the western boundary of
Wyoming where bedded salt and gypsum were deposited at about the
same stratigraphic position over a distance of several hundred miles
(several hundred kilometers) from north to south. Evidently, marine
and lagoenal conditions persisted to the west in Idaho at the same time
that ned'sand was being deposited farther east in highly.saline or pos-
sibly brackish waters and at the same time that light-colored, crossbed-
ded sand was being reworked by winds in the Colorado Plateau.

The third marine invasion into the western interior region appar-
ently happened during the late middle to early late Callovian, in some
places immediately after deposition of red even-bedded sand and equiv-
alent eolian sand and in other places after a brief interval of erosion.
The sea extended eastward across northern Utah, southern Idaho,
northern Colorado, and southern Wyoming into South Dakota. It may
have also extended northward from the Black Hills area into southern
Saskatchewan, where it could be represented by all or part of the glau-
conitic deposits called the Roseray Formation (equals middle member
of the Vanguard Formation).

In this sea, highly glauconitic limy sand, sandy silt, some gypsum,
and some limy mud (Curtis Formation and Pine Butte Member of the
Sundance Formation) were deposited in very shallow water, as shown
by the presence of Ostrea, Lopha, Lingula, and Meleagrinella. Such
sediments in the San Rafael.swell were overlain conformably by, and"
passed laterally southeastward into, unfossiliferous chocolate-brown,
red, or gray even-bedded sand; silt, and clay, and, locally, some gyp-
sum. Such sediments were probably deposited in highly saline water in
marginal areas of the sea. Deposition of both the marine, brackish-, and
saline-water sediments was followed rather quickly by withdrawal of
the sea completely from the western interior region and by an interval
of erosion that lasted until early Oxfordian time.

The fourth marine invasion into the western interior region entered
central Montana east of the Sweetgrass arch during the latest Callovian
and possibly entered the Williston basin even earlier. During the early
Oxfordian, the sea spread widely, but did not advance as far south in
Utah as the preceding sea, and apparently did not spread west of the
Sweetgrass arch. At the end of the early middle Oxfordian, the sea
withdrew northward into northern Wyoming and the Williston basin
but.spread westward in Montana at least as far as the Sawtooth Range
south of Glacier Park. It persisted in Montana at least to the end of the
Oxfordian. The sea was bounded on the west in central Idaho and pos-
sibly in westernmost Montana by a landmass that shed considerable
clastic sediment eastward. This is shown by a change from mostly glau-
conitic, calcareous sand, sandy lime, and sandy silt in the west to
mostly silt and clay farther east. The sea was shallow, as shown by the
presence of Ostrea, Mytilus, and Meleagrinella, and by abundant rip-
ple marks and crossbedding. The climate was probably warm and hu-
mid, as shown by the presence of many wood fragments in the Swif}
Formation in western Montana.

The northward withdrawal of the sea in Montana during the early
middle Oxfordian was followed by a brief fifth marine invasion south-
ward from Montana and northern Wyoming as far as northwestern Col-
orado and northeastern Utah. In this sea was deposited a thin unit
(Windy Hill Sandstone Member of the Sundance Formation) of yellow-
ish-gray, limy, locally oolitic, ripple-marked sand, and a little gray to
green mud that contains a few mollusks, such as Ostrea. These marine
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sediments were deposited unconformably on the Redwater Shale Mem-
ber of the Sundance Formation and conformably below the continental
Morrison Formation. As they are not recognizable as a lithologic unit
north of the Wind River Basin in central Wyoming, they presumably
pass northward into the upper part of the Redwater Shale Member in
northern Wyoming.

During later Jurassic time, continental sediments (Morrison For-
mation) were deposited on flood plains and in lakes throughout much of
the western interior region and in coal-forming swamps in Montana.
Continental deposition began during the early or late Oxfordian in the
southern part of the region, definitely during the late Oxfordian in the
central part, and probably as late as the Kimmeridgian in northern
Montana. It persisted in all parts at least through the Kimmeridgian.
Sediments in the southern and central parts of the western interior
region were derived from the south and west. In the northern part,
they were derived from the east and west. Evidently, continental sedi-
mentation began at about the same time as deposition of the marine
Norphlet and Smackover Formations of the Gulf region. Uplift of land
areas from which the continental sediments were derived apparently
occurred at the same time as uplift of the land areas that shed sediment
southward into the Gulf of Mexico during late Oxfordian to Tithonian
time.

The Jurassic ammonite succession in North America from Hettan-
gian through early Bajocian time is essentially the same as elsewhere
in the world. Ammonite assemblages of late Pliensbachian Age are dif-
ferentiated from north to south, just as they are in Europe. Ammonite
assemblages of middle Bajocian Age in the Pacific Coast region contain
some genera that are known only from areas bordering the Pacific
Ocean, but overall their generic resemblances to European ammonites
are striking.

In contrast, from late Bajocian time until the end of the Jurassic,
marked differentiation of ammonite faunas took place from north to
south. The ammonite successions in the Gulf region and in the Pacific
Coast region as far north as southern California remained closely simi-
lar to those in the Mediterranean region. The succession from northern
California to northern Alaska became similar to that in northern Eu-
rasia, although some mingling of genera of Boreal and Mediterranean
affinities occurred in California and Oregon. Such mingling and the
presence of genera known only from the Western Hemisphere or from
areas bordering the Pacific Ocean have aided greatly in making fairly
accurate correlations of rocks in widely separated areas.

The differentiation of ammonite faunas from north to south can be
reasonably ascribed to partial isolation of an arctic sea from the Pacific
Ocean, except for at least one connection through Yukon Territory dur-
ing Middle and most of Late Jurassic time, and another connection from
East Greenland to northwest Europe from the beginning of Callovian
time.

INTRODUCTION

This report is a successor to that written by Imlay
and Detterman (1973) on the Jurassic Paleobiogeogra-
phy of Alaska. It is more detailed because much more
information is available concerning the conterminous
United States. It deals in a broad way with changes in
Jurassic geography, stratigraphy, and ammonite assem-
blages. It presents paleogeographic maps depicting the
main areas of Jurassic marine deposition and most of the
marine Jurassic megafossil occurrences in North Amer-
ica (figs. 1-12). It presents charts depicting the succes-
sion of ammonite taxa and Buchia species in North

America (figs. 13-16), the locations of some of the best
known Jurassic sequences (figs. 17-20), the gross strat-
igraphic and lithologic changes in space and time (figs.
21-29), and the position, extent, and duration of uncon-
formities during Jurassie time (figs. 30, 31). In addition,
the report discusses most existing published strati-
graphic, lithologic, and faunule knowledge in sufficient
detail to substantiate the interpretations presented on
the maps, on the charts, and in the section on Jurassic
geologic history.

Most of the geographic features, areas, and towns
mentioned in this report are shown on figures 17-20.
Further locality data concerning such features in the
Gulf of Mexico region are shown in papers by Imlay
(1943a, p. 1408, 1409, 1412, 1496, 1503, 1509; 1952a, p.
954; 1953¢, figs. 2-4), Swain (1944, p. 583), K. A. Dick-
inson (1968, p. E2), and Lopez Ramos (1974, p. 382,
385, 388, 391). Such data for the Pacific Coast region of
the United States and Canada are shown in papers by
Imlay (1952a, p. 956; 1961, p. D15; 1973, pl. 48; Imlay
and Jones, 1970, p. B19); Frebold and Tipper (1970), and
Imlay and Detterman (1973, p. 7). Such data for the
western interior region are shown in papers by Baker,
Dane, and Reeside (1936), Imlay (1952a, p. 956; 1953a, p.
12; 19564, p. 563; 1957, p. 472; 1962b, p. C8, C9; 1967b,
p. 5, 63-65), Frebold (1957, figs. 1, 2; 1969, fig. 1),
Brooke and Braun (1972, fig. 1), J. A. Peterson (1957, p.
402, 403), and Pipiringos and O’Sullivan (1975).
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PALEOBIOGEOGRAPHIC SETTING

ATLANTIC COAST

Jurassic marine beds have not been identified defi-
nitely along the Atlantic Coast of the United States, al-
though 45 feet (13.7 m) of limy beds of possible Late Jur-
assic age have been penetrated in two wells at Cape
Hatteras, N.C. Three species of ostracodes have been
found, of which two, belonging to the genus Schuleridea,
have been found elsewhere in the Schuler Formation
(Upper Jurassic) of the southeastern United States; one
belongs to the genus Octocythere, which is known only
from the Jurassic (Swain, 1952, p. 59, 60; Swain and
Brown, 1972, p. 8, 9; Brown and others, 1972, p. 38).
These possible Jurassic beds are about 370 miles (600
km) west of the marine Upper Jurassic sequence about
560 feet (170 m) thick that was cored at JOIDES Site 105
in the Hatteras Abyssal Plain (Hollister and others,
1972). 1t is about 60 miles (100 km) west of the wes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>