cenozoic geology western us

The Cenozoic era, spanning the last 66 million years, has profoundly shaped the dramatic landscapes of the
Western United States. This epoch witnessed immense geological transformations, including the uplift of
major mountain ranges, the carving of vast basins, and the eruption of colossal volcanoes. Understanding
Cenozoic geology in this region offers a window into tectonic forces, climate shifts, and the evolution of life.
From the towering Rockies to the arid deserts of the Southwest, the geological narrative of the West is a
testament to continuous dynamic processes. This article delves into the key geological events and features
of the Western US during the Cenozoic, exploring the forces that sculpted its iconic terrains and the
resulting geological wonders. We will examine the Laramide Orogeny's lasting impact, the formation of
the Basin and Range Province, volcanic activity, and the sedimentary record that preserves crucial

ecological and climatic information.

Table of Contents

The Laramide Orogeny and its Legacy

The Eocene Epoch: Early Cenozoic Dynamics

The Oligocene Epoch: Volcanism and Uplift

The Miocene Epoch: Basin Formation and Sedimentation

The Pliocene Epoch: Continued Tectonic Activity and Landscape Evolution
The Quaternary Period: Ice Ages and Modern Landscapes

Volcanic Provinces of the Western Cenozoic

Sedimentary Basins and Their Significance

Paleontology and the Cenozoic Western US

The Laramide Orogeny and its Legacy

The Laramide Orogeny, a major mountain-building event that began in the Late Cretaceous and extended
well into the early Cenozoic, is foundational to understanding the geology of the Western US. This period
of intense compressional tectonics, characterized by shallow-angle subduction of the Farallon Plate beneath
the North American Plate, led to significant crustal shortening and uplift across a vast area. Unlike many
orogenies that produce linear mountain belts, the Laramide resulted in widespread uplift and the formation
of isolated, fault-bounded ranges and broad intermontane basins. These basins, such as the Green River

Basin and the Bighorn Basin, became crucial repositories for sediments deposited throughout the Cenozoic.

The resulting topography profoundly influenced subsequent Cenozoic geological processes. The uplift
created steeper gradients, increasing erosion rates and supplying vast amounts of sediment to the
developing basins. The structural complexity introduced by Laramide faulting and folding also provided
pathways for later magmatic intrusions and extrusions, linking this early Cenozoic event to later volcanic

activity. The legacy of the Laramide is evident today in the distinctive topographic patterns of states like



‘Wyoming, Montana, Colorado, and Utah, where older, relatively undeformed Precambrian basement rocks

were uplifted and exposed, often flanking younger sedimentary sequences.

The Eocene Epoch: Early Cenozoic Dynamics

The Eocene epoch, from approximately 56 to 34 million years ago, marked a period of significant geological
evolution following the initial phases of the Laramide Orogeny. While mountain building continued in
some areas, the focus shifted towards extensive basin development and the initiation of widespread volcanic
activity, particularly in the northern Rockies. This epoch saw the deposition of thick sequences of
terrestrial sediments, including sandstones, shales, and coals, in intermontane basins. These deposits are
invaluable for understanding the paleoclimate and paleoecology of the time, often preserving fossil flora and

fauna.

The Green River Formation, a classic Eocene deposit found across Wyoming, Colorado, and Utah, is
renowned for its exceptionally preserved fossils, including fish, insects, and early mammals. This formation
represents ancient lake systems that thrived in the subsiding basins. The Eocene also witnessed the early
stages of large-scale silicic volcanism in areas like the Absaroka Range of Wyoming and Montana, with
massive eruptions that blanketed the landscape with ash and lava flows, contributing to the evolving

topography and sedimentary record.

The Oligocene Epoch: Volcanism and Uplift

The Oligocene epoch, spanning roughly 34 to 23 million years ago, was a time of intensified magmatic
activity and continued crustal adjustments across the Western US. Large-scale silicic and intermediate
volcanic provinces flourished, most notably the vast ignimbrite provinces of the Great Basin and the
Columbia River Plateau. These eruptions, driven by complex interactions of the subducting Farallon Plate

and the mantle, produced enormous volumes of ash and lava, fundamentally altering the landscape.

The formation of major caldera systems and the deposition of extensive ash-flow tuffs are hallmarks of the
Oligocene. Alongside this volcanic activity, further uplift occurred in various regions, contributing to the
dissection of earlier Cenozoic landscapes and the erosion of volcanic products. The interplay between
volcanism and tectonics during the Oligocene laid the groundwork for the distinctive geological provinces

that characterize the modern West.



The Miocene Epoch: Basin Formation and Sedimentation

The Miocene epoch, from 23 to 5.3 million years ago, witnessed a dramatic shift in the tectonic regime of
the Western US, most notably the initiation and expansion of the Basin and Range Province. This vast
region, stretching across Nevada, Utah, Arizona, California, Oregon, and Idaho, is characterized by extensive
crustal extension, leading to the formation of numerous parallel fault blocks. These blocks, uplifted as
mountain ranges (horsts) and down-dropped as valleys (grabens), created the distinctive linear topography

of the modern Basin and Range.

Concurrently, large internal drainage basins, or "intermontane basins," developed and filled with thick
sequences of eroded material from the surrounding ranges. These Miocene sedimentary deposits, often rich
in conglomerates and sandstones, provide critical insights into the paleogeography, erosion rates, and
climatic conditions of the time. In other areas, like the Columbia River Plateau, continued basaltic volcanism

persisted from earlier epochs, adding to the geological complexity.

The Pliocene Epoch: Continued Tectonic Activity and Landscape

Evolution

The Pliocene epoch, between 5.3 and 2.6 million years ago, saw the consolidation of many Cenozoic
geological features and the refinement of the landscapes that would be further sculpted by Quaternary
glaciation. Extension in the Basin and Range Province continued, although perhaps at a reduced rate in
some areas, solidifying the characteristic horst and graben topography. Many of the major basins formed in
the Miocene continued to accumulate sediments, preserving records of evolving drainage patterns and

climates.

Significant regional uplifts also occurred, including the continued elevation of the Colorado Plateau, which
had profound implications for the erosional processes that would later carve the Grand Canyon. Volcanic
activity remained active in some regions, such as the development of features in the Cascade Range and the
Transverse Ranges of Southern California, further contributing to the diverse geological tapestry of the

Western US.

The Quaternary Period: Ice Ages and Modern Landscapes

The Quaternary period, encompassing the Pleistocene and Holocene epochs (the last 2.6 million years), is
defined by the dramatic influence of repeated glacial-interglacial cycles, or "Ice Ages." Glaciers carved

extensive U-shaped valleys, cirques, and fjords in the higher mountain ranges, including the Rockies,



Sierras, and Cascades. As glaciers advanced and retreated, they sculpted the land, deposited vast amounts of

till and outwash, and significantly altered drainage systems.

In the arid and semi-arid regions of the West, pluvial lakes formed during wetter glacial periods, leaving
behind extensive shoreline deposits and evaporite formations. Volcanic activity also continued, with iconic
features like Mount St. Helens erupting in 1980, and the formation of numerous volcanic fields. The
Quaternary period represents the final, dramatic sculpting of the Cenozoic geological framework, creating

the iconic landscapes we see today.

Volcanic Provinces of the Western Cenozoic

The Western United States is a globally significant region for Cenozoic volcanism, a direct consequence of
its dynamic tectonic setting. The subduction of oceanic plates beneath the North American Plate has fueled

diverse eruptive styles and volumes of magma for millions of years.

¢ Columbia River Basalts: This massive flood basalt province, primarily active during the Miocene,
covers over 160,000 square kilometers in Washington, Oregon, and Idaho. It represents some of the
largest terrestrial lava flows in Earth's history, erupting from numerous fissures over millions of

years.

¢ Snake River Plain-Yellowstone Province: This volcanic province is characterized by a track of large
silicic caldera eruptions and basaltic plains, tracking the movement of the North American Plate over
a stationary mantle plume (hotspot). The Yellowstone Caldera is the most recent and spectacular

expression of this hotspot.

¢ Caldera Systems: Numerous large caldera systems, formed by the collapse of volcanoes after massive
explosive eruptions, are scattered across the West. Examples include the San Juan Mountains
(Colorado), the Valles Caldera (New Mexico), and Crater Lake (Oregon).

¢ Cascade Volcanic Arc: This active arc, stretching from Northern California to British Columbia, is a
direct result of the ongoing subduction of the Juan de Fuca Plate beneath the North American Plate.

It includes stratovolcanoes like Mount Rainier, Mount Shasta, and Mount Hood.

¢ Transverse Ranges Volcanism: Southern California exhibits localized Pliocene and Quaternary
volcanic activity, often associated with complex faulting and transtensional tectonics, forming features

like the Long Valley Caldera region and the Lava Mountains.



Sedimentary Basins and Their Significance

The vast intermontane basins of the Western US are crucial archives of Cenozoic geological history,
preserving records of environmental change, tectonic activity, and the evolution of ancient ecosystems.
These basins formed primarily through crustal subsidence, often driven by the extensional forces of the

Basin and Range or as structural depressions related to earlier orogenic events.

¢ Green River Basin: Famous for its Eocene lacustrine deposits, rich in fossils and oil shale.

¢ Bighorn Basin: Another significant Laramide-related structural basin in Wyoming, containing

extensive Eocene and Paleocene sedimentary sequences.

¢ Great Basin Valleys: The grabens of the Basin and Range Province are filled with Pliocene and

Quaternary sediments, often forming playa lakes and alluvial fans.

¢ Colorado Plateau Basins: While the Colorado Plateau remained largely uplifted, it also experienced
localized Cenozoic basin formation, particularly in its margins, contributing to sedimentary sequences

that fill valleys and canyons.

¢ High Plains Basins: Eastern parts of the Western US, like western Nebraska and Kansas, contain
Cenozoic sedimentary sequences deposited by rivers draining from the Rockies, forming vast alluvial

fans and plains.

The lithologies and depositional environments within these basins provide a detailed record of climate
fluctuations, from lush Eocene forests to the arid conditions of the modern West. The study of these
sedimentary successions is fundamental to paleoclimatology, paleontology, and resource exploration,

including oil, gas, and strategic minerals.

Paleontology and the Cenozoic Western US

The Cenozoic geology of the Western US is intrinsically linked to its rich fossil record, offering
unparalleled insights into the evolution of life during this era. The diverse depositional
environments—ranging from ancient lakes and swamps to dry deserts and montane forests—have

preserved a remarkable array of fossils.

Early Cenozoic Eocene deposits, such as the Green River Formation, are world-renowned for their

exquisite preservation of early mammals, including horses, primates, and rodents, alongside abundant fish



and plant fossils. This epoch captures the diversification of mammals following the extinction of the
dinosaurs. Later Cenozoic epochs, particularly the Miocene and Pliocene, reveal the fossilized remains of
megafauna, including mammoths, mastodons, saber-toothed cats, and giant ground sloths, painting a picture
of a dramatically different fauna. The sedimentary basins provide continuous records of these faunal shifts,
allowing paleontologists to trace evolutionary lineages and understand extinction events. Furthermore,
fossil pollen and plant remains offer crucial data for reconstructing ancient climates and vegetation patterns,
complementing the evidence from animal fossils to provide a holistic view of Cenozoic life and its

environmental context in the Western US.

The intricate geological tapestry of the Western United States, woven over millions of years during the
Cenozoic era, continues to captivate and inform. From the colossal mountain ranges forged by tectonic
collision to the vast volcanic fields and the detailed sedimentary records preserved in basins, each feature
tells a story of Earth's dynamic past. The ongoing interplay of uplift, extension, volcanism, and erosion
ensures that this region remains a vital laboratory for geological research, offering continuous opportunities

to unravel the planet's history and predict future geological events.

FAQ

Q What is the most significant geological event of the Cenozoic in the
Western US?

A: The Laramide Orogeny, which began in the Late Cretaceous and extended into the early Cenozoic, is
arguably the most significant geological event. It caused widespread uplift and faulting, creating the
foundational topographic framework for many later Cenozoic geological processes, including basin formation

and volcanism.

Q How did the Basin and Range Province form?

A: The Basin and Range Province formed primarily due to crustal extension. Over millions of years, the
Earth's crust in this vast region stretched and thinned, causing large blocks of crust to drop down (forming

valleys or grabens) and other blocks to be uplifted (forming mountain ranges or horsts).

Q What are some famous examples of Cenozoic volcanic provinces in the
Western US?

A: Famous examples include the Columbia River Basalts, the Yellowstone-Snake River Plain volcanic

province, the Cascade Volcanic Arc, and numerous caldera systems like Crater Lake and the Valles Caldera.



Q Why are Cenozoic sedimentary basins important for geological study?

A: Cenozoic sedimentary basins are crucial because they act as natural archives, preserving thick sequences
of rock that contain fossils, paleoclimatic data, and evidence of tectonic activity. They allow geologists to

reconstruct ancient environments, track the evolution of life, and understand past climate changes.

Q What role did Cenozoic ice ages play in shaping the Western US
landscape?

A: The repeated glaciations of the Quaternary period (the latter part of the Cenozoic) profoundly sculpted
the Western US landscape. Glaciers carved out valleys, formed cirques, deposited vast amounts of glacial
till, and created moraines. In drier regions, pluvial lakes formed during wetter glacial periods, leaving

behind shoreline deposits.

Q Can you give an example of a significant fossil site from the Cenozoic
Western US?

A: The Green River Formation in Wyoming, Colorado, and Utah is an exceptionally famous Cenozoic fossil

site, renowned for its incredibly well-preserved Eocene fish, insects, plants, and early mammals.

Q What is the relationship between volcanism and tectonics in the
Cenozoic Western US?

A: Tectonic processes, such as the subduction of oceanic plates beneath the North American Plate and
subsequent mantle plume activity, are the primary drivers of Cenozoic volcanism in the Western US. The

type and location of volcanic activity are directly related to these underlying tectonic forces.

Q How has the Cenozoic geology of the Western US influenced its
modern ecosystems?

A: The diverse geological formations and landscapes created during the Cenozoic, from high mountain
ranges and volcanic plateaus to arid basins and river valleys, have created a wide array of habitats. This
geological diversity is a primary reason for the rich biodiversity found in the Western US today,

influencing everything from soil types and water availability to climate patterns.
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