Non-marine Depositional Systems

* Previously we have focused on marine

Non-marine Deposition in and marine/non-marine interface
environments with regard to sequence

the Cordillera stratigraphy.

Devonian to present * Prior to the Cenozoic, non-marine
(but mostly Cenozoic) environments tend to be located east of
Jerry Smith lecture - November 15, 2002 the orogenic zones close to the North
American craton.

b Depositional Environments

E .

* Eolian

5— — Generally not close to the source area

B8 * Alluvial

e + Fluvial

* Lacustrine

== — The three environments above all grade into
s s one another depending on the climate,

drainage and stream equilibrium.

Fi 14-14 Facies of the Middle Permian Guadalupcan Series in western North America. Note
the many areas of limestone in the Cordilleran geosyneline. 1. Phosphoria Formation. 2. Delaware
Basin. 3. Carlsbad Limestone. 4. Cache Creek Group. 5. Lykins Formation.

Eolian

» Wind transported clastic sediments —
generally produce sand to silt size
particles.
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Figure 3. Stratigraphic section of the Jurassic System along the Arizona-Utah state line (after Peterson
and Pipiringos, 1979). For location sce Figure 2; J-0 to J-5 are unconformities; Glen Canyon Group
includes Division A; San Rafacl Group includes Divisions B, C, and D. See Figure 4 for explanation of
patterns.

Navajo Fm. - archetypal eolian dunes

Alluvial-Fluvial-Lacustrine

+ Examine the transport of clastic sediments
from the source (highlands) to the basin.

» Non-clastic deposition (typically
stromatolites and evaporites) occur in
lacustrine depositional environments.

Alluvial-Fluvial (Cordillera)

Early Cenazoic: mountainous relief

» These comprise the red-beds

* Generally arid environment allows oxidation
of iron in the clay matrix and preserves
plagioclases.

+ Clastic sediments derived from felsic
plutons will generate arkosic sandstones s

FIGURE 16-10 Stages in the development of
d [ the central Rocky Mountains. The black

ana cong omerates. pattern indicates early Cenozoic sediments; the
colored pattern, Middle Cenozoic scdiments.
The arrows in the bottom figure indicate the
Subsummit surfaces. The High Plains,
remnants of the Middle Cenozoic detritus
eroded from the mountains, is shown at the
Tight, The vertical scale is greatly exaggerated. et bt sl Dredfd T
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Fig. 3—Colors of ancient alluvial fan deposits.
A. Miocene and Pliocene alluvial fan and

Fig. 13—A block diagram of an anastomosing river showing the vertical
Iacustine deposis, Grant Range, Nevada |
(R il i stacking of channel sandstones and conglomerates. These coarser facies

Pliocene alluvial fan red beds, Grant Range, , :
Nevada (photo by T. D. Fouch). C. Miocene and are bounded by floodplain silts, muds, and peats.
Pliocene red-weathering fanglomerates, Grant

Range, Nevada (photo by T. D. Fouch).




Fig. 12—Large outcrop of meandering stream deposits in the Sespe Formation (Qligocene) of
California which shows light colored sandstones and red shales. The large sandstone bed in the
center of the photograph thins and splits laterally. The more continuous bed above this is about 3 m
thick (Photo courtesy J. B. Dunham)

Fig. 6—Ruby Lake, Nevada. A lacustrine system in the arid Basin and Range province that consists
of marsh lakes. Some lakes are connected by channels with slow-moving currents. Open-lake
settings are commonly surrounded by marshlands covered by emergent aquatic plants, grasses,
and some small shrubs. Alkalinity of the waters varies with distance from springs or inflowing
streams. Evaporite mineral crusts form in some areas in shallow water or on beaches peripheral to

the permanent lakes.

Fig. 46—Red fine-grained floodplain deposits of the Triassic Moenkopi
Formation of Arizona. The whitish beds are caliche deposits and light-red
sandstones at the top are crevasse splays. Many reduced green bands can
be seen. A large swale or scour fill is present at the base. About 6 m of
section is present.
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partof Lake Uinta, Utah,

tutidite origin

15 and 20. Di difed (1976).
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Example of Alluvial to
Lacustrine
Depositional Systems

Green River Basin of
Utah-Colorado-
Wyoming

;

[ 44y outerop of Precambrian age rocks

Figure 27. Map showing locations of Precambrian basement outcrops,
the Uinta and Piceance Creek Basins, and the basins that make up the
greater Green River basin in Utah, Colorado and Wyoming. The ap-
proximate extent of the Sevier-Laramide transition sedimentary basin
during Late Cretaceous Maastrichtian time is also shown (from Fouch
and others, 1983). Key is shown on figure 29.
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River Uplift. Line of section is located on Figure 33. The section is from Bally and Snelson (1980). Drill
holes 6 and 15 are identified in Table 2. e i i

deposition

Figure 30. i ion of lithologies

it
imal thick. " . .
during maximum extent of early Eocene freshwater lakes. The area labeled “Exposed Mesaverde” on

Fcs ok B, Te Sopacs ar e syt ong
the Douglas Creek Arch is where the Cretaceous-Tertiary unconformity had not, at this time, been

crosion. The ared labeled *Exposed Mesaverde” on the Douglas Creek

Acch is where the Ceetaceous-Tertary uncondormity had nok. at this 2

ime, been only early Teniary sdimentary roc e onlapped by early Tertiary sedimentary rocks.
companying key i for Figures 28 o 32,




=0 %n

i ing the distribution of I i " ; igure 32. ing the distribution of ithologies and i ions of deposition of the R4 rich
Figure 31. the distribution of lithol d dedio Figure 32. Map showing the distribution of lthol ’

h . . . . !

justafter the Long Point ransgression. The isopach i the thickness in feet of rocks from the Cretaceous- allable s The iopach hove the thicknes in fet of the interval from the base of the R-4 zore to
Tertiary unconformity to the base of the Long Point Bed or its equivalent. i

Figure 29. Cross section showing early Cenozoic rocks in the Uinta and Piceance Creck Basins. The
i i Figure 28, i s

inTable 1.

Fig. 63—Green River Formation, Willow Creek Canyon, Utah. Channel-form sandstone with
well-developed, large-scale, low-angle cross-beds separated by clayey siltstone units and with

scour structures and logs at the base of the unit. The overlying flat-bedded units consists of tan to 23;?‘2;2‘;:%‘"51";?5:”'12?"&(:# e e u
gray, ostracodal, mud-supported carbonate rocks and red, green, and gray claystone and siltstone Flat-bedded depositional complex of (B). These units are cut

) . This
Tha channel was formed in a meandarino steam on a lower interdeltaic plain adiacent to Lake Uinta fine-g The Sequence FupEsRlE cyclic, shallow lacustrine,
that was periodically transgressed (Ryder et al, 1976). Note men at base of channel for scale.

stromatoliic algal boundstones with polygonal low-angle tabular to




Fig. 61—Douglas Creek Member of the Green River Formation, Three-Mile
Canyon, Utah. Deformed sandstone, siltstone, and claystone of a fluvial
and shallow lacustrine origin. Terrigenous units are overlain by stromatolitic
algal boundstone. This depositional complex was formed both on a lower
deltaic plain and on a carbonate-flat during a saline phase of Lake Uinta
(Fouch etal, 1976).

Fig. 44—Green River , Siab During periods
Canyon, Utah, cracks of exposure, stream channels distributed grains

d that were sandstone to areas that were previously sites of lacustrine
filed with sandstone. These beds are part of a units. The complex was formed n an area of a sedimentation. Photograph by R. T. Ryder.

Fig. 8 —Eocene pan of tne Sneem Rives Fumation, vl oe, 'Yn i Basin, Sieh. Svew oiine
bedding character of open-lacustrine rocks that formed in a low energy setting of Lake Uinta. The
Parachute Creek Member (Tgp) in this part of the Uinta Basin contains several oil-shale zones, the
principal one being the MaHogany zone (arrows). This exposure contains over 300 m of nearly
continuous strata that contdin abundant lipid-rich organic matter. These open-lacustrine rocks grade
laterally and downward into marginal-lacustrine rocks of the Douglas Creek Member (Tgd).

Fig. 62—Douglas Creek Member of the Green River Formation, East
Tavaputs Plateau, Utah. Stromatolitic algal boundstone (A) overlain by an
ostracodal, curviplanar, laminated to small-scale cross-laminated,
calcareous sandstone (B). The sandstone is overlain by a laterally
continuous, small-scale cross-laminated, ostracodal, grain-supported
limestone (C) up to 1 m thick that is turn overlain by stromatolitic carbonate
rock. This depositional complex represents cyclic carbonate shoal
deposition overlain by terrigenous strata deposited in deltaic and lower
delta-plain environments.

Fig. 41—Green River Formation (Eocene), Slab i itstone. The P
Canyon, Utah. Polygonal pull-apart depositional setting of this feature is interpreted  Ryder.
(dessication) cracks with bird tracks on very to be partof a lacustrine mud flat that was

Fig. 9—Eocene Parachute Creek Member, Green River Formation, Uinta Basin, Utah. Outcrop
bedding character of horizontally laminated, kerogen-rich “oil shale” that was preserved in an
anoxic, low-energy, open-lacustrine environment of Lake Uinta. The rocks shown are part of the
Mahogany ledge exposed near Hells Hole, Utah. 1 cm = 0.33 m.
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Basins and ranges of the central Rocky Mountains and the Colorado Plateau.
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Fig. 9.43. Cross section through Powder River and Wind
River basins, based on deep-seismic-reflection data. Note that
the structural style of these basins is dominated by deep-seat-

ed thrust faults, contrasting with the thin-skinned tectonics of
the overthrust belt at left. (Bally and Snelson 1980)

CED Uplifts

Igneous rocks

A “Thinskinned” thrust
= "Basementored” thrust

== Dike swarm

2

Figure 39. Palcotectonic map of Colorado and Wyoming showing the  Figure 40. Paleotectonic map of Colorado and Wyoming showing the
orientation of the principal horizontal stress (PHS), uplifts, and structures  orientation of the principal horizontal stress (PHS), plifs, and structures
active during the <arly Laramide Orogeny, Maastrichtian to Palcocene  active during the late Laramide Orogeny, Eocene time (simplified from
time (simplified from Livaccari and Keith, 1985). Livacarri and Keith, 1985).
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Figure 59, Tectonit Bighorn,and Wind River
ca pa
5,000 fect. Tnterbasin arcas and uplifs e not contoured. Thrust and reverse faults have sawtceth o1
upper plate; normal fauls have hachures on dowadropped plate. Details of sructures along the west
i + River and Bighor Basins and the north margin of he Wind River Basin are not
shown. References 1o these are given in the individual basin descriptions. Modified from Bayley and

Muchlberger, 1968.

FIGURE 16-17 Map af the central orlillrs showing, the main stractral provincen,



Figure 73—Cross section in Railroad
Valley, Nevada. illustrating Tertiary
sedimentary and volcanic rocks from the
Eagle Springs oil field to the Trap Spring
oil field. Oil is produced from frac-

tured lacustrine carbonate rocks of the
Sheep Pass Formation and from frac-
tured welded tuff at Eagle Springs
Claypool and others (1979) indicated that
the oil at Eagle Springs originated from
the thermachemical maturation of
organic matter in lacustring rocks of the
Sheep Pass Formation. The Ely Forma.
tion is of late Paleozoic age.
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FIGUAL 16-13 Map of the central Cordillera shaing the min stractural provinces



