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INTRODUCTION

Geologic maps provide the foundation for nearly all basic earth-science
research ranging from investigations on the regional framework of the Earth’s
crust to studies of many Earth processes. Geologic maps also are the chief
geologic data base for many applications of earth-science information to
societal problems. Needs for these maps have increased for nearly every
traditional use, and new uses continually arise. To meet these growing needs,
the U.S. Geological Survey (USGS) initiated a Federal/State cooperative
geologic mapping program (COGEOMAP) in 1985, The program was designed to
satisfy requirements for geologic maps in areas of mutual concern to Federal
and State agencies, and has met with enthusiastic State participation.

In response to wide-ranging National requirements that exceed the
objectives of COGEOMAP, a broader geologic mapping program is presently being
developed by the USGS. Implementation of a National program will require
careful planning and close coordination with other agencies and institutions
that conduct geologic mapping in order to effectively meet increasing map
needs without duplication of effort. A circular, to be published in two
parts, will outline a plan for a National Geologic Mapping Program: (A) The
National Geologic Mapping Program, and (B) An Overview of Geologic Mapping
Needs in the United States.

Part A of the circular will present basic information on the value and
uses of geologic maps, will outline the status of geologic mapping, and will
suggest a plan for a National program. It is being written for the public and
for decision—makers at Federal, State, and local levels.

Part B, of which this report is a working draft, will provide a region-
by-region assessment of geologic map needs in the United States, serving as
the technical planning document for the program. As such, it will be written
for the trained geologist. Part B will represent an assessment by the USGS of
geologic map needs, and will, when published as a Circular, incorporate
suggestions derived from reviews by academia, State geological surveys,
industry, and other Federal agencies. This Open-File Report, the preliminary
version of part B, is assembled for purposes of extensive technical review by
scientists of the USGS and other agencies.

The assessment presented here is national, broken down on a region-by-
region basis in order to match geologic map requirements to earth science-
related problems in distinct geologic provinces. For example, in southern
California, large-scale geologic maps are needed to accurately portray faults,
to show geologic controls for landsliding, and to develop a geologic framework
for interpreting past, present, and future earthquake activity. In the
northern Rocky Mountains, large— and intermediate-scale geologic maps are
needed for mineral resource assessment and exploration and for land-use
planning of large tracts of Federally administered public land. In the
northeastern United States, large- and intermediate-scale geologic maps are
needed to make land-use decisions in areas undergoing rapid urbanization,
including preserving resources such as sand and gravel and including planning
development to avoid problems such as contamination of water supplies by waste
disposal. In contrast with these areas needing large- and intermediate-scale
mapping, areas such as the Great Plains generally require small-scale mapping
coupled with subsurface investigations of basement rocks.

Whereas all regions in the Nation require additional geologic mapping,
the problems to be addressed vary considerably, and as a result, so does the
type of geologic expertise and mapping philosophy needed to make the maps.

For example, the mapping of southern California will require geologists with



expertise in bedrock, surficial, and structural geology. Seismic and other
geophysical studies should be integrated with the mapping to provide a basis
for specific hazard studies. The mapping of the northern Rocky Mountains will
require expertise in sedimentology, igneous and metamorphic petrology, and
structural geology. Geochemical and geophysical studies should be integrated
with the mapping to provide a basis for specific mineral resource exploration
and assessment studies. The mapping of the northeastern United States will
require expertise in sedimentology, igneous and metamorphic petrology,
structural geology, and especially in surficial geology to provide a basis for
specific land-use studies. The mapping of the Great Plains will require close
coupling with geophysical studies of basement configuration.

These few examples illustrate the range in regional problems and the
consequent breadth of geologic mapping needed to provide a foundation upon
which specialized studies to solve specific problems may be undertaken.
Although geologic mapping commonly contributes directly to solving specific
problems, the major function of the maps is to provide the geologic
information base needed for current and future specialized studies.

Not only do geologic characteristics vary in different provinces, thus
dictating different mapping requirements, but the status of geologic mapping
also varies. The western United States is in general only modestly mapped,
and therefore new mapping needs must be determined only in terms of regional
problems that have been identified. In contrast, the Appalachian region is
relatively well mapped, allowing needs to be quite specifically identified
both topically and spatially. However, over most of Alaska the basic geologic
framework has only recently started to be discovered and requires much future
mapping to further identify regional geologic framework problems needing more
detailed study.

The national assessment, done region by region, that follows describes
the geologic characteristics of 32 geologic provinces grouped into 8 regions
(fig. 1). For each province, the general geology is described, some of the
major problems and(or) benefits that can result from geologic mapping are
identified, and an assessment of geologic mapping needs is made. Because
geologic maps are basic geologic data sources, the discussions are presented
in terms of basic regional geologic problems; it is within this regional
context provided by geologic maps that both basic research and applied topical
research are conducted.

The information upon which this report is based was provided by numerous
USGS scientists from all the major centers, mostly within the branches of
Eastern, Central, and Western Regional Geology within the Office of Regional
Geology, and the Branch of Alaskan Geology within the Office of Mineral
Resources (Table 1). These contributions were assembled into four reports on
Alaska and the eastern, central, and western United States by, respectively,
0. J. Ferrians, Jr., J. W. Horton, Jr., E. R. Cressman and S. S. Oriel, and C.
M. Wentworth. This Open-File Report was compiled from these four documents.
We are grateful for the help given by E. H, Roseboom, Jr., Chief of the Office
of Regional Geology and the driving force for this report, as well as by D. M.
Morton, K. A. Sargent, Juergen Reinhardt, R. B. Taylor, J. C. Reed, Jr., E. T,
Ruppel, C. A, Wallace, H., E. Malde, and M. K. Nance.



PHYSIOGRAPHIC PROVINGES

Western Cordillera (A)

A1
A2
A3
A4
A5

Pacific Northwest
Northern California

Southern California
Cascade Range
Sierra Nevada

Basin and Range—Rocky Mountains (B)

B1
B2
B3
B4
B5
B6
B7
B8

Columbia Plateau/Snake River Plain
Basin and Range

Northern Rocky Mts. Thrust Belt
Central Rocky Mts. Thrust Belt
Southern Rocky Mts.

Foreland Province

Colorado Plateau

Rio Grande Rift
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General Geology

A.

Al,

WESTERN CORDILLERA

Pacific Northwest

The Pacific Northwest province (fig. 2) consists of the fertile lowlands
of the Puget Sound and Willamette Valley stretching southward through
Washington and Oregon and of the rugged coast ranges west of the lowlands.

The rocks exposed in the coast ranges and along the lowlands reveal a geologic
record presently only partly understood but indicating at least 120 m.y. of
convergence, collision, and continuing oblique subduction between the crustal
plates of the Pacific Ocean and the buoyant, overriding continental
lithosphere of North America.
derived from materials accreted to the continental edge (accreted terranes) by
the northeastward movement of oceanic plates relative to the continent. The
continuing subduction gives rise to the possibility of great (M=8) earthquakes
in this region, which includes the Seattle-Tacoma urban corridor.

The oldest documented accreted terranes crop out in the northern Cascade

Range and San Juan Islands.

Most of the rocks of the region apparently were

This tract of mostly Paleozoic and Mesozoic

terranes is cut by the north-striking Straight Creek fault, a major strike-
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slip fault thought to be analogous to the San Andreas fault in California.
However, unlike the San Andreas, the Straight Creek fault is not known to be
active today. This fault displaced rocks on the northward-moving oceanic
plate at least 190 kilometers northward relative to rocks on the adjoining
North American plate.

West of the Straight Creek fault, the mountains, foothills, and San Juan
Islands consist of a collage of crustal fragments, including mostly Paleozoic
and Mesozoic marine sedimentary rocks, ocean—-floor basalt, ophiolites, high-
pressure metamorphic rocks, and slivers of metamorphic and igneous rocks
exotic to their associated terranes. The rocks of these far-travelled
terranes formed in different environments than they occupy today. Thorough
geologic mapping supported by isotopic and geophysical studies is needed
before their complex history can be unraveled.

Rocks in the range west of the Puget-Willamette lowlands indicate that
plate convergence and accretion continued into the Cenozoic. In the Olympic
Mountains and the Coast Ranges of southern Washington and Oregon, a thick
accumulation of basalt, considered to represent a large seamount chain similar
to the Hawaiian Islands, was accreted to the continental margin at about 50
Ma., The folded and faulted basalt is overlain by fossiliferous marine
sedimentary rocks derived from sediments eroded from the continent. In the
Olympic Mountains, Tertiary marine rocks, now highly deformed, were probably
scraped off the oceanic plate and thrust beneath the seamount basalt., These
sedimentary rocks are more or less the same age as the strata that overlie the
basalt, and they must have been brought in obliquely to the site of accretion
by the moving oceanic plate. Initial mapping suggests that large clockwise
rotation of crustal blocks in the Coast Range and the Cascades probably
occurred as the continental margin was dragged along by the northward moving
oceanic plate. On the eastern flank of the Cascades in Washington,
continental stretching and rifting caused major subsidence of crustal blocks
and rapid sedimentation and volcanism in the rift valley.

Uplift of the continental margin above the underthrust oceanic crust
produced the high ranges of the Cascades and Olympic Mountains, where a
particularly complex series of glacial events is recorded as a result of
continental ice moving from the north into the Puget lowland while alpine
glaciers repeatedly grew and retreated in the mountain valleys. Deposits that
formed in the valleys and along the margin of the continental ice where it
dammed the mountain valleys suggest a constantly changing landscape of lakes,
spillways, and deltas. At the edge of the Puget lowland, these deposits are
of particular interest to man, who lives and builds on them and periodically
suffers from their instability.

Geologic Mapping Needs

Accretionary terranes in the north Cascades. To understand the history
and processes of accretion that established the Paleozoic and Mesozoic
terranes in the Pacific Northwest and Cascades regions, the details of terrane
distribution and terrane contacts need to be determined through careful
geologic mapping. Recognizing these terranes and their bounding faults is not
only important to understanding the processes of continental growth and
mechanisms of deformation, but to evaluating more recent tectonics, in
particular the currently active faults that can cause large earthquakes. Only
geologic mapping allows the distinction of old faults from young faults. For
instance, new evidence found during preliminary geologic mapping now suggests
that structural models invoking regional emplacement of plate-like terranes
along ancient low-angle thrust faults needs considerable revision. High-angle
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strike-slip faults, some with more recent offset history, may be equally
important or more important for emplacement of the terranes. Adequate
geologic mapping and deep seismic reflection studies, coupled with some
refraction work, will help clarify the faults between terranes and the
underpinnings of the thrust plates or strike-slip slivers.

U-Th-Pb and Rb-Sr isotopic studies of rock in the terranes is an
important adjunct to the mapping. Resources, in particular metallic ore
deposits, may be characteristic of one terrane and not another, and terrane
identification may become an important resource exploration tool.

Regional geologic mapping at 1:100,000 scale in the western foothills and
northern Cascades is needed to help delineate terranes and identify areas
where more detailed mapping and study will solve regional resource and
terrane-related problems. Detailed mapping of selected areas here and to the
south is also necessary to establish a geologic framework that will provide
the fundamental data base for both volcanic and earthquake-hazard studies in
this region. Although no large earthquakes have occurred in historical times,
the coastal Northwest——-especially the Seattle-Tacoma area——has the potential
for a great (M=8-9) earthquake. Much of this coastal area will have to be
mapped at 1:24,000 scale to provide information for specific hazard-related
studies. Since the Mount St. Helens eruption in May of 1980, the volcanic
hazards have been self-apparent.

Docking of the Olympic terrane in the north Cascades. Previous work has
suggested that the anomalous arcuate pattern in the rocks of the Tertiary
accreted terrane of the Olympic Mountains may have been created when a linear
basalt seamount chain was bent as it was pushed into the reentrant between
Vancouver Island (an older terrane) and the pre-Tertiary rocks of the northern
Cascades. Study of structures in the Mesozoic and Paleozoic terranes such as
arcuate rock units, curved major fault zones, and systematic changes in
outcrop-scale structures such as fold axes or foliation, could verify this
hypothesis. If so, the current hypothesis that the Olympic terrane moved into
place along one or more north—-south strike-slip faults must be re-—evaluated.
Regional 1:100,000-scale geologic mapping is needed to solve this problem.

Rotational strain in west Oregon and Washington. Paleomagnetically
documented large clockwise rotations in Cenozoic rocks of western Washington
and Oregon have been explained in several ways, including: (1) rotation
during collision and accretion of large crustal plates to the continental
margin; (2) rigid plate rotation in front of an asymmetrically extending back-
arc region; and (3) rotation of small crustal blocks in a simple shear
couple. Understanding the mechanism of tectonic rotation depends in large
part on accurate geologic mapping of the rotated terranes, many of which have
not been mapped at a scale larger than 1:500,000, which is not sufficiently
detailed to solve the problem. Determining stratigraphic onlap relationships
and detailed geologic mapping are needed in the Tillamook Volcanics of
northwestern Oregon, the western Cascades of Washington, and the Tyee basin of
western Oregon to determine the relationship of the rotations to the local
structural geology. It is imperative to distinguish between such major
tectonic processes as regional shear and accretion of crustal plates in order
to reconstruct the shape of the continent, understand the distribution and
history of sedimentary basins and their contained petroleum reserves, and
determine the large-scale rheological properties of the crust.

Cordilleran icesheet in the Puget lowland. Correlating terrestrial
stratigraphy and changes in ocean volume remains a great challenge in
Quaternary geology. The chronology and paleoclimatology records of marine
deposits are commonly extended to terrestrial sections for which the dating is




poor and the paleoclimatic context unclear, but only rarely have such
correlations been tested with rigor., The Puget lowland provides exceptional
opportunities for linking land and sea records. Not only does the lowland
contain the most complete glacial record known in the western conterminus
U.S., it also contains thick interglacial deposits formed at or near sea
level. Furthermore, many of the lowland”s deposits contain volcanic ash that
could prove invaluable in correlation and dating.

Fortunately for Quaternary stratigraphic studies in the lowland, there is
the reasonably well-understood sequence of deposits spanning advance and
retreat of the Cordilleran icesheet and subsequent invasion of tidal water.
This sequence invites sedimentologic study of laterally and vertically
adjacent glacial, fluvial, lacustrine, and estuarine facies. Results of such
a study could be used to intepret the paleoecology and relative ages of
similarly complex but older deposits in the lowland, with abundant practical
applications to problems of seismic shaking, seismic sea waves and seiches,
waste disposal, and water resource quality and abundance.

Great subduction-zone earthquakes in the Northwest. There is no known
evidence that great earthquakes have occurred during the late Quaternary in
the Pacific Northwest. However, subduction-zone earthquakes should be
striking the Pacific Northwest at intervals of about 500 years if, as recently
argued by seismologists, the Juan de Fuca subduction zone is analogous to
Japanese, Alaskan, Central American, and South American subduction zones in
which much of the subduction occurs during large earthquakes. This hypothesis
could be partly tested by geologic mapping of Quaternary lowland deposits and
by mapping and dating landslide deposits in western Washington and Oregon.

The landslide dates, if clustered, would help refine a search for the
paleoliquefaction structures and seismic sea-wave deposits in the lowlands
that, along with landslides, should have formed as a result of great
subduction—-zone earthquakes.

A2, Northern California

General Geology

The Coast Ranges of the Pacific northwest extend southward into
California as a series of generally northwest-oriented ranges divided by
rivers and alluvial valleys. The ranges are bounded on the east by the Great
Valley, which is drained by rivers that breach the Coast Ranges only at San
Francisco Bay. The northwesterly grain in the topography is produced by the
underlying rocks, and appears to reflect the shape of the western margin of
North America over the past 200 m.y. as this part of the continent formed.

For the past 20 m.y., the Coast Ranges have been transected by the
San Andreas fault, which is responsible for many of the damaging earthquakes
in California. The next important earthquake on the San Andreas fault is
expected within a decade near Parkfield, midway between San Francisco and Los
Angeles, and the next great earthquake is predicted to have a 50 percent
chance of occurring in the next 30 years farther southeast. Deformation
associated with the San Andreas fault has uplifted the southern Coast Ranges,
probably in the past 2 m.y., and downfaulted many of the valleys.

The Northern California province consists of two very different kinds of
crust, both about 100-175 Ma. The granitic and metamorphic rocks of the
Sierra Nevada extend westward beneath the sediments of the Great Valley;
similar rocks appear to have been offset northward from southern California to
form the Salinian terrane west of the San Andreas fault in the Coast Ranges.
West of this basement lies the huge mass of Franciscan rocks, which may have




originally formed within separate terranes that originated as far south as the
equator., These are thought to have been transported northward, amalgamated,
and incorporated onto the continental margin by pre—San Andreas plate

motions. Igneous activity that formed the Sierran granitic batholith and its
partly preserved volcanic carapace occurred at about the same time Franciscan
rocks were formed and thrust eastward and downward at the subduction zone
along the continental margin. Nearly concurrently, several kilometers of
sandstone and shale of the Great Valley sequence were deposited at the
continental margin.

Subsequently, during the past 60 m.y., the Coast Ranges variably rose
above the sea while deep basins were formed locally, particularly in the
southern part of the Great Valley. Thick sequences of marine sandstone,
shale, and siliceous rock accumulated in these basins and lapped onto the
flanks of surrounding topographic highs. Volcanic rocks were extruded
locally, some related to initiation of San Andreas movement and some later.
These Cenozoilc volcanic and sedimentary rocks preserve a record of the complex
folding, faulting, and uplift responsible for the present Coast Ranges. The
Cenozoic strata and Great Valley sequence contain significant resources of oil
and gas. Important mercury deposits occur locally in the Franciscan terrane,
and newly discovered gold deposits are now being exploited in shale of the
Great Valley sequence west of Sacramento.

Geologic mapping over the past century has established the general
distribution of rocks in the region, and work during and since World War II
has framed specific geologic interpretations that bear on earthquake and
landslide hazards, resources ranging from sand and gravel to oil and gold, and
numerous fundamental geologic problems. This framework forms a basis for
detailed mapping and specialized studies that will improve our understanding
of one of the most complex and seismically active areas in the world.

Geologic Mapping Needs

Coast Range = Great Valley boundary. The abrupt change from alluvial
lowland to uplifted mountains at the Coast Range — Great Valley boundary
reflects a coincidence of structural features that includes the surface
expression of the late Mesozoic oceanic—continental boundary. Here,
blueschist facies Franciscan rocks are thrust eastward beneath coeval, but
unmetamorphosed, marine strata of the Great Valley sequence along the Coast
Range thruste. In the context of plate tectonics, this thrust has been assumed
to extend eastward down to the mantle. These structural relations have long
been considered a classic example of subductive accretion of trench and
oceanic sediments beneath a continent. An alternative model has recently been
raised by deep seismic reflection profiling, in concert with seismic
refraction profiling and gravity and magnetic analysis, which suggests that
the Franciscan assemblage was obducted as a tectonic wedge that overrode the
continental margin and concurrently peeled up the overlying Great Valley
sequence.

Such a history of eastward movement of a complex wedge of Franciscan
rock, perhaps pushing before it wedges of Coast Range ophiolite and even Great
Valley sequence, raises important geologic questions that can only be
adequately investigated by a combination of geologic mapping, biostratigraphic
analysis, and geophysical study. Geologic mapping is needed to establish
whether wedge tectonics and associated thrusting may be common in the Coast
Ranges. The concept could help to explain the large strike-slip faults at the
northern end of the Great Valley sequence. Important thrusts may occur within
the Great Valley sequence and possibly are represented by what are currently
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considered to be unconformities. Evidence on the timing of wedge emplacement
and progressive movement should be recorded in the Cretaceous-Cenozoic
stratigraphic record, requiring that detailed biostratigraphic studies
accompany geologic mapping.

Franciscan accretionary complex. The Late Jurassic and Cretaceous
Franciscan assemblage represents an accretionary complex from which much can
be learned about the formation and emplacement of exotic terranes against a
continental margin. The extensive development of blueschist metamorphism in
the Franciscan assemblage requires that it was carried to depths as great as
30 km in a subduction zone. Recent work in the Franciscan, particularly in
the northern Coast Ranges, has identified several important problems that only
can be addressed by detailed geologic mapping and geophysical studies.

The west—-dipping basement underlying the eastern margin of the Franciscan
mass can be traced westward geophysically. The buried lip of the late
Mesozoic subduction zone can be similarly sought. The relationship of surface
structure, established through geologic mapping, to subsurface structure
should provide the gross structural anatomy of the Franciscan mass, help
constrain the role of lateral faulting, and provide a model to explore for
deep gas resources.

Detailed knowledge of the structural history of selected parts of the
Franciscan assemblage will help determine the sequence of metamorphic and
accretionary events and their geometries. Recent structural studies indicate
several episodes of deformation, the styles and geometries of which require
more than simple eastward underthrusting along a subduction zone. Returning
blueschists to the surface from great depths, a long-standing problem, can
also be answered by additional mapping and structural studies.

The origin of melanges, particularly in the central belt of the
Franciscan, remains controversial. Deformation during subduction, gravity
sliding, and deformation in response to triple-junction migration and
associated strike-slip faulting, have all been proposed. Detailed geologic
mapping in specific areas in the Coast Range can resolve these issues.

The interrelations of Franciscan emplacement, Klamath-Sierran
interaction, and juxtaposed unmetamorphosed Coast Range ophiolite and coeval
metamorphosed Nevadan ophiolites are all represented in the region centered on
the Klamath - Coast Range - Great Valley (Yolla Bolly) junction in the
northern Coast Ranges. Geologic mapping and geophysical studies here can
better constrain events of the Nevadan and Coast Range orogenies and test
emerging models of continental accretion,

Cenozoic basins. Unraveling the stratigraphy and history of the oil- and
gas—-bearing Cenozoic basins scattered through the Coast Ranges and in the
Great Valley depends, ultimately, on the quality of biostratigraphic
discrimination and correlation. Vast improvements in biostratigraphy,
stimulated by deep-ocean drilling, have been made over the past 20 years, so
onshore studies should be tied to offshore exploration of the continental
shelf, where similar Cenozoic basins are located.

A wide range of investigations can be founded on the basic study of the
stratigraphy, biostratigraphy, and sedimentology of the basins. These studies
are not possible, however, unless structural relations within the basins are
resolved by detailed geologic mapping. Integrating topical studies with
geologic mapping should establish regional tectonic patterns, including
correlation of offset basins by lateral faults. Thrust faults have been
mapped locally in the Coast Ranges and San Joaquin Valley, but only recently
are there indications that they may be of regional importance.
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Refined stratigraphy and structural history will permit evaluation of
petroleum formation and migration in the basins. Together with porosity
studies, this research could lead to identifying new oil and gas resources.

The magnitude of lateral offset across the San Andreas fault was
originally demonstrated through extensive geologic mapping and correlating
Cenozoic rocks. These correlations should be re-examined by detailed geologic
mapping and biostratigrapic studies, and alternative correlations tested.

Klamath Mountains. Geologic mapping and related studies indicate that
upper Paleozoic volcanic rocks of the northern Sierra Nevada and eastern
Klamath Mountains may not be parts of the same volcanic—-arc sequence but may
represent separate allochthonous sequences tectonically juxtaposed during the
Permo-Triassic Sonoman orogeny. Detailed mapping in each area is needed to
determine stratigraphy, distal and proximal facies, ages of rocks, periods of
volcanic quiesence, and nature of nonvolcanic deposits. 1In addition, detailed
geochemical-petrographic studies are needed to characterize volcanic suites
and to determine volcanic/magmatic evolution of volcanic assemblages in the
respective areas to establish the tectonics of "Sonomia'. Either it is a
collage of relatively small terranes or a mini-continent-sized fragment.
Either case has major implications for Permo-Triassic paleogeography,
tectonism, and the extent of the east Shasta copper belt.

Interpretation of recent geologic maps suggests that the Klamath
Mountains — Oregon Coast Range are '"decoupled" from the Sierra Nevada by the
Battle Creek fault zone. Facies analysis of Cretaceous and lower Tertiary
rocks on opposite sides of the Battle Creek zone likely will determine
offset(?) stratigraphy, possible shorelines, possible paleochannels, biozones,
and other features for testing this hypothesis. Paleomagnetic sampling north
and south of the Battle Creek fault would assist in interpreting the
relationships. Detailed magnetic and gravity surveys would determine if
basement trends match across the fault, and seismic reflection profiles would
help determine the dip and continuity of the fault zone at depth. This
information would document and characterize a major Tertiary tectonic boundary
within the North American plate between a northern "province" of clockwise
rotation and shear and a southern "province" of compression and right lateral
slip.

Late Cenozoic deformation. Much of the present topography of the Coast
Ranges apparently formed by faulting, uplift, and subsidence during the past
two million years or so. Marine Pliocene strata cap ridge crests 600 m above
sea level in the northern Coast Ranges, for example, and deformed fluvial and
lacustrine deposits of Pliocene and Quaternary age border such topographic
lows as the San Joaquin and Santa Clara Valleys. Recent improvements in our
ability to date these deposits, particularly through tephra chronology,
biostratigraphy, and soil stratigraphy, have established the opportunity to
learn a great deal about the recent deformational history of the region and
its relation to detailed fault histories, broader tectonic patterns, changes
in the pattern of drainage systems, and the evolution of the landscape.
These, in turn, are critical to evaluation of earthquake and landslide
hazards.

Detailed geologic mapping of selected areas of young deposits is needed
to establish their precise distribution, stratigraphy, and structural history.
Associated petrologic and sedimentologic study can address questions of
provenance, transport, and depositional environmments. Such work in the San
Joaquin Valley, combined with newly developed soil stratigraphic technique,
has demonstrated major Pliocene and Quaternary uplift of the eastern Diablo
Range, led to an important new hypothesis that ties major alluviation events
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to the drying phase of climatic variation, and established a stratigraphy that
can be carried west into the Coast Ranges.

Detailed geologic mapping is needed to establish equally detailed
correlations of young strata across the San Andreas and other major faults to
aid evaluation of earthquake hazards. The mapping will provide a framework to
establish associations between uplift, erosional downcutting, and landsliding
to aid evaluation of the hazards posed by the many large landslides in the
Coast Range landscape.

San Francisco Bay region. The San Francisco Bay region, which includes
Oakland, San Jose, and "Silicon Valley," encompasses the central fifth of the
Coast Ranges and supports nearly a third of the 23 million people in
California. 1Its varied geology, involving 350 mapped geologic units,
represents many important geologic elements of the Coast Ranges. Preparing a
modern geologic map of the region at a scale of 1:100,000 will provide a
foundation to serve as a basis to make ever increasing numbers of land-use
decisions, including those involving engineering, resources, and hazards
evaluation.

Preliminary geologic maps that were compiled at 1:62,500 scale in the
early 1970"s, define many important structural and stratigraphic problems that
now require detailed geologic mapping in selected areas. Extensive
aeromagnetic and gravity coverage and some seismic refraction profiling
already exist and await analysis within the context of a modern geologic map.

In addition to land-use decisions, a bay-region map would aid work on
fundamental geologic issues previously described. It would tie directly to
currently active work offshore of central California. It also would provide
supporting information for ongoing landslide and regolith studies, work on
ground water and toxic wastes, and evaluation of site studies for engineering
construction. The map would provide a needed modern geologic base for the
most densely instrumented seismic area in the country.

A3. Southern California

General Geology

The Peninsular Ranges and Sierra Nevada form a backbone extending
southward from northern California. Sculpted on west-tilted crustal blocks,
these ranges rise gradually eastward from the Southern California”s coastal
plain and Central Valley, and drop precipitously into the Saltom trough and
the Great Basin. The northwestern trend of this asymmetric spine is broken in
Southern California by the west-trending Transverse Ranges and by the Mojave
Desert”s west—-pointing wedge of alluvial basins and isolated mountains. Earth
history as recorded in the rocks of Southern California falls into five time
intervals, each with its own style: the late Cenozoic, early Cenozoic,
Mesozoic, Paleozoic and Late Proterozoic, and Middle and Early Proterozoic
Eras. The events in each of these intervals was influenced by the geologic
framework inherited from preceding eras.

Southern California”s intensely faulted and folded rocks and frequent
earthquakes are a result of interaction between the North American and Pacific
plates, which has torn the continental crust into large, shifting blocks. The
Peninsular Ranges block has moved northwestward as the crust has been extended
in the Gulf of California and Salton trough. Caught between the Sierra Nevada
and Peninsular Ranges blocks, the Transverse Ranges have been strongly
uplifted and the Mojave Desert block highly faulted.

Reconstructing the older tectonic patterns that were distorted by the
late Cenozoic strike-slip faults reveals a different style of deformation in
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Southern California during the early Cenozoic. The Mojave Desert and
Transverse Ranges appear to be part of a great slab of the North American
continent that was thrust oceanward over sedimentary and volcanic rocks that
had accumulated along the Mesozoic continental margin. This slab was tens of
kilometers thick and the hot rocks near its base were intensely sheared during
emplacement of the slab. The underlying sedimentary and volcanic rocks were
metamorphosed as the temperature and pressure were increased by the overriding
slab. The zone at the base of this slab, modified by folding and faulting
prior to exhumation in the late Cenozoic, is currently the target of extensive
gold exploration. The presence of this slab probably influenced the location
of crustal blocks and their bounding faults during subsequent deformation.

During the Mesozoic Era, the Peninsular Ranges batholith invaded belts of
Mesozoic sedimentary and volcanic rocks and, chiefly along their eastern
margins, Paleozoic sedimentary and volcanic rocks. Mafic plutonic rocks are
predominant in the western half of the batholith and felsic plutonic rocks
more abundant in the eastern half. 1In the intervening Mojave Desert and
Transverse Ranges, however, the plutonic rocks are mostly felsic and the
country rocks they invade are chiefly Paleozoic and Proterozoic. Mesozoic
country rocks are not abundant in the Mojave Desert and Transverse Ranges,
probably in part because they were removed by subsequent early Cenozoic
underthrusting and earlier by Mesozoic folds and thrust faults that
accompanied the regional thermal disturbance culminating in the batholithic
intrusion. During Mesozoic folding and thrusting, Proterozoic basement rocks
were uplifted and most of the overlying Paleozoic and Mesozoic sedimentary
rocks strongly metamorphosed.

Late in the Proterozoic Era, the continental crust of North America
developed a serrated edge with great salients and reentrants along its western
margin as it was rifted from a larger supercontinent. What is now Southern
California was located on one of the salients. For the rest of the
Proterozoic and throughout the Paleozoic, miogeoclinal and eugeoclinal
sedimentary rocks accumulated on Proterozoic basement rocks. These strata
were telescoped by subsequent Mesozoic folding and thrusting.

Rocks of Early and Middle Proterozoic age in Southern California have
been uplifted to expose a cross—section of igneous and metamorphic rocks
formed deep in the crust. By analogy, regional mapping of these layers offers
insight into modern deep crustal structure and processes, providing a useful
guide to interpreting seismic profiles.

Geologic Mapping Needs

To begin refining the poorly understood geologic framework summarized
above, geologic mapping is needed in three key areas of Southern California:
(1) along the eastern flank of the Peninsular Ranges, (2) along the southern
flank of the Transverse Ranges, and (3) in the Mojave and Sonoran Deserts
between Baker, California, and Yuma, Arizona. Because older geologic features
appear to influence the location and development of younger features, these
areas are chosen to clarify several critical elements of the regional
geology.

Margin of the continent. The nature of the boundary of Paleozoic and
Proterozoic rocks and the influence of that boundary on Mesozoic depositional
trends, on emplacement and composition of the Mesozoic batholith, and on
styles of Cenozoic deformation need to be studied by detailed geologic mapping
in the Transverse and Peninsular Ranges. In Southern California, Paleozoic
depositional trends appear to have been truncated prior to intrusion of
Mesozoic plutonic rocks, but because the plutonic rocks apparently followed
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and obscured the feature responsible for that truncation, its nature is
controversial. Detailed geologic mapping is needed to resolve whether the
apparent truncation is due to cryptic Mesozoic or Paleozoic strike-slip faults
or to changing depositional trends that wrap around the rifted salient of
Proterozoic basement.

Batholith. Three dimensional compositional variations in the Mesozoic
batholith, and the influence of these variations on crustal structure and on
Cenozoic deformation require geologic mapping in all three areas.

Applications include mineral resource exploration and assessment.

Vincent thrust. The number, position, direction, and displacement of the
lower Cenozoic thrust faults that placed the Mojave Desert - Transverse Ranges
continental slab over metamorphosed Mesozoic sedimentary and volcanic rocks
(Pelona and Orocopia schist), and the influence of the slab geometry on
development of contrasting styles of deformation in the late Cenozoic require
mapping in the Transverse Ranges and nearby areas.

Detachment faults. The development and subsequent exhumation of late
Cenozoic ductile deformation zones in the crystalline rocks of Southern
California, and their connection with shallower brittle detachment faults,
requires extensive detailed mapping in virtually all of Southern California.
Gold deposits have recently been identified in and near detachment fault
zones. The relation of detachment faulting to evolution of strike-slip faults
such as the San Andreas requires study.

Youthful faulting. Late Cenozoic interaction of left- and right-lateral
strike-slip faults, deformation and locking of strike-slip faults, and uplift
and reverse faulting associated with the strike-slip faults require geologic
mapping. Exploration for mineral resources and research related to seismic
hazards in Southern California depend on understanding these faults and how
they relate to the geologic framework, all of which are best developed by
geologic mapping.

A4. Cascade Range

General Geology

The Cascade Range consists of episodically active volcanoes resting on a
platform of older, eroded volcanic rocks. Like the rocks of the Pacific
Northwest province, those of the Cascades resulted from subduction of the
Pacific plate under the continent.

Parts of the northern Cascade Range consist of accreted crustal
fragments. For example, the Paleozoic and Mesozoic rocks east of the Straight
Creek fault, along the crest of the northern Cascades, have been highly
metamorphosed. These rocks are accreted oceanic terranes like those west of
the fault, which are relatively unmetamorphosed, indicating large vertical
uplift along the Straight Creek fault in the relatively recent geologic
past. The rocks east of the fault are so highly recrystallized that detailed
mapping and special study will be needed to understand their history.

Magmas, generated as a result of subduction, erupted after the accretion
of the basalt seamount chain. The Cascade volcanic arc has been very active
during the last 40 m.y., and magma continues to erupt today in volcanoes such
as Mount St. Helens. '

Geologic Mapping Needs

Relation of Tertiary magmatism to east Pacific plate motions. Changes in
subducting plate velocity and motion vectors may cause changes in magma
generation that in turn are reflected in the amounts and kinds of magma
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intruded or extruded. These concepts need to be tested with the long and
complex record of plutonic and volcanic activity in the Cascade arc. A recent
detailed model of relative plate motions for the last 50 m.y. needs to be
tested by careful mapping and study of the plutonic and volcanic stratigraphic
history. In the Washington Cascades, a fairly complete Tertiary volcanic
stratigraphy has been established, but parts such as the Chilliwack composite
batholith and isolated downfaulted areas of Tertiary volcanic rocks require
study. Geologic mapping at 1:100,000 scale in northern Washington is needed
to establish the stratigraphic history of these rocks. The younger part of
the Tertiary record, that of the Oligocene, Miocene, and Pliocene (38-2 Ma),
needs to be improved considerably by 1:100,000-scale geologic mapping in
south—-central Washington with some detailed mapping at 1:62,500 scale.

Cenozoic strike-slip faulting in the Cascade arc. The Sumatran arc in
the western Pacific Ocean is characterized by oblique subduction and major
strike-slip faulting, and it may be a modern analog of the Tertiary Cascade
arc, explaining the paleomagnetically determined rotations and northward
translations in the Cascade forearc region. 1In this model, a north-south
right-lateral strike-slip fault in the Cascade Range is a tectonic boundary
accomodating the outboard rotations and translations. Such a fault should
pass through the western Cascades of Washington, where present-day right-
lateral slip has been documented by fault plane solutions along the St. Helens
seismic zone. Geologic mapping is required to provide a basis for
interpreting extensive trilateration, magnetotellurics, and seismic monitoring
that is currently underway. Many other geophysical and topographic lineaments
pass through this essentially unmapped area that separates rocks with shallow
paleomagnetic inclinations on the west from normal rocks on the east. Basic
1:100,000-scale geologic mapping in the western Cascade Range of southern
Washington would help determine whether or not a major, active strike-slip
tectonic boundary exists in the region. It would also document the style of
deformation and provide lithologic and structural contraints on geophysical
modeling.

Volcanic evolution of the early Cascade arc. The area between Olympia,
Washington and Portland, Oregon is one of two areas in the Pacific Northwest
not covered by surficial material of the Puget-Willamette lowland, and thus
stratigraphic relationships between the Paleogene marine forearc sequence of
the Coast Range and early Cascade volcanic rocks can be determined.

Widespread arc volcanic rocks of the Northcraft Formation and related
sequences may be in excess of 40 Ma and record the earliest Cascade

volcanism. Preliminary chemical analysis suggests that some of these rocks
are similar to contemporaneous, high-titanium Goble and Tillamook forearc
volcanics, which are not typical of subduction-related volcanism. These rocks
need to be mapped at 1:62,500 scale, and regional stratigraphic and
compositional correlations established (for example, their relation to the arc
volcanics of the Clarno Formation of Oregon). The magmatic and tectonic
implications of such unusual chemistries in the arc and the possibility of a
relationship to major Eocene continental extension in the Pacific Northwest
should be examined. It is necessary to understand the complete volcanic
history of the Cascades in order to understand and predict future eruptions.

Late Quaternary eruptive histories of Cascade volcanoes. Public awe and
fear of active volcanoes give special impetus to study of the processes and
products of volcanism in the upper Cenozoic Cascade arc. Geologic mapping is
vital to studies of active volcanoes in clarifying the extent, age, and
genesis of volcanic materials such as the mudflows of Mount Rainier, the giant
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landslide near Mount Shasta, the pyroclastic flows and surges of Mount St.
Helens, and the airfall tephra layers from Glacier Peak and Mount Mazama.

A5. Sierra Nevada

General Geology

The Sierra Nevada is an asymmetric mountain range extending half the
length of eastern California, with a long, gentle western slope and a short
steep eastern escarpment, the result of block faulting and differential
uplift. Because the differential uplift, which is still going on, is greatest
in the south, erosion has exposed progressively deeper levels of the crust
southward, providing an opportunity to study vertical as well as lateral
variations in mountain-building processes.

Most of the southern and central Sierra is composed of granitic rocks of
the Sierra Nevada batholith, with smaller satellitic bodies of granite exposed
in the north. The granitic rocks intrude Paleozoic and Mesozoic sedimentary
and volcanic rocks that are now weakly to strongly metamorphosed and mildly to
complexly deformed. Details on the origin and evolution of the metamorphic
rocks are matters of continuing debate, but it is generally agreed that large
belts of these rocks were accreted to the western margin of the continent over
a long period of geologic time.

Superimposed on the granitic and metamorphic rocks in the northern third
of the range are volcanic rocks that represent a southern extension of extinct
Cascade Range volcanism. These volcanic rocks provide valuable temporal and
compositional data on the changes in volcanism that resulted from evolving
plate-boundary conditions along the continental margin, Furthermore, the ages
of these volcanic rocks provide essential data on lateral and temporal
variations in the rate of uplift of the Sierra Nevada.

Geologic Mapping Needs

Sierra Nevada batholith. Detailed geologic mapping has identified mid-
level granitic bodies in the central part of the batholith and provided a
valuable data base to establish the ages and environments of emplacement.
Inferences on deep level igneous and metamorphic rocks in that region have
come primarily from xenoliths included in volcanic rocks, gravity and magnetic
data, and limited seismic refraction and reflection studies. Recent
reconnaissance mapping at the southern end of the range has identified an
extensive terrane of mafic igneous rocks and high-grade gneiss that may
represent the root zone and metamorphic substrate of the batholith. Detailed
mapping is needed at the southern end of the range to distinguish and
characterize the possible "root-zone'" rocks. The mapping should be supported
by whole-rock and mineral chemistry, geochronologic work, and isotopic
studies, all directed toward determining the level and enviromment of
formation. This information and the geologic maps that establish the
framework within which it is interpreted are basic data that can be applied to
other batholithic areas, as well as providing information for studying ore-
forming processes and for mineral deposits exploration.

Although the general distribution of relatively high-level granitic
bodies of the batholith is now well known in the northern Sierra Nevada,
additional detailed mapping is required to determine their internal
structures, compositional variations, and the distribution and mineral
compositions in their contact aureoles.

Studies should be directed toward a small-scale compilation map of the
batholith designed to accompany a summary report detailing the lateral and
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vertical variations in the igneous rocks and the attendant conditions of their
emplacement. Additional deep-seismic reflection and refraction studies should
be dictated by detailed mapping of the batholith and framework metamorphic
rocks.

North Sierra framework rocks. Metamorphic rocks in the northern Sierra
Nevada are divided into two belts by the Melones fault zone, a major tectonic
boundary separating rocks of the continental margin from possibly exotic
terranes accreted to that margin in Jurassic time. East of the Melones fault
zone, weakly metamorphosed but complexly deformed Paleozoic rocks record
periods of major eastward thrusting in the middle Paleozoic and in the late
Paleozoic or early Mesozoic. Debate continues about the exotic or North
American origin of these transported Paleozoic rocks. If exotic, the number
of terranes, distribution, structural history, and the distance they have
traveled needs to be established. These questions can be answered only by
detailed geologic mapping to determine the geologic histories of the suspect
terranes. Mapping must be supported with whole-rock chemistry, geochronology,
and paleontologic studies, particularly radiolarian and conodont analyses.

West of the Melones fault zone, Paleozoic and Mesozoic rocks—-unlike
those to the east and probably exotic to North America-—form long, narrow
belts separated by major faults of the Foothill fault system. The
paleogeographic origin of these transported terranes is not known and their
structural histories remain a matter of speculation. Detailed mapping is
required to adequately define the terranes and the nature and histories of
their bounding faults. Detailed gravity and magnetic studies and deep seismic
reflection profiles are needed to provide constraints on deer structural
configurations.

Although the Foothill fault system originated as a Mesozoic structural
zone, limited surficial studies and sporadic earthquake activity along various
faults within it indicate that strain is still being released along this
ancient zone of dislocation. To adequately evaluate the potential earthquake
hazards to large dams and other structures built and proposed within and west
of the foothills, late Cenozoic deformation on the Foothill fault system
should be determined by detailed mapping supported by geomorphic analysis,
trenching, soil analysis, and geochronology.

Tertiary volcanic rocks. North of the central part of the range,
Tertiary volcanic rocks form a progressively larger part of the Sierra Nevada
until they completely bury the metamorphic and igneous rocks in the area of
Lassen Peak. Although the gross distribution of the volcanic rocks has been
known since the turn of the century, few modern studies, augmented by isotopic
age determinations, have been made and little is known of the temporal,
chemical, and spatial evolution of these volcanic rocks. According to the
plate—tectonic paradigm, the volcanic rocks formed by oceanic crust of the
Pacific plate being subducted or forcefully underthrust beneath the North
American continent. When the continent overrode the Pacific Ocean spreading
center, the tectonic configuration of the western continental margin changed
from one of subduction and underthrusting of oceanic crust to one of non-
subduction and lateral movement along the San Andreas fault system. This
change in plate juncture theoretically calls for progressive northward
cessation of volcanism in the Sierra Nevada as the San Andreas fault
lengthens, an hypothesis that could be tested in detail by geologic mapping
and geochronologic analyses. 1In addition, the Tertiary volcanic rocks provide
the best means to determine the amount and rate of uplift of the Sierra Nevada
block. Studies from the central Sierra Nevada have been successful in
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determining the parameters of uplift, and similar studies are needed in the
northern Sierra Nevada.

Glacial deposits. The glacial chronology of the Sierra Nevada remains
poorly known despite many attempts at relative and isotopic dating of
moraines. The moraines, subject to complete removal or burial during
succeeding glaciations, record only some of the major glaciations and little
of the minor ones. Materials suitable for isotopic dating of the moraines are
abundant compared with those in many other mountain ranges but have not, for
example, allowed determination of whether the penultimate major Sierra Nevada
glaciation occurred during or before the Wisconsin.

During the past 30 years, mapping in the San Joaquin Valley by geologists
and soil scientists has revealed a glacial-outwash stratigraphy that seems far
more complete and suitable for dating than glacial deposits in the mountains.
Further mapping, complemented with drilling, could refine that stratigraphy
for application not only as a proxy record of Sierra Nevada glaciation but
also as calibration for the dating of alluvium by means of soil-profile
development.

Mineral resources. The Sierra Nevada has been a major source of minerals
since the discovery of gold in 1848. At the present time this region is the
source of large quantities of sand and gravel, crushed stone, limestone and
limestone products including cement; substantial amounts of asbestos, barite,
other industrial minerals, and tungsten; and smaller amounts of gold, silver,
copper, zinc, and molybdenum. The Sierra will continue to be an important
source of minerals, particularly as higher grade deposits elsewhere become
exhausted.

The western Sierra Nevada foothill belt has been the source of most of
the Sierran mineral-resource production. Presently this region is part of the
fastest growing area in California and land-use decisions have become
critical, particularly because of renewed interest in gold mining along the
Mother Lode. The California Division of Mines and Geology has initiated
mineral-land classification in this region in response to the California
Surface Mining and Reclamation Act of 1975. New geologic mapping would
provide a firmer foundation for these studies and subsequent land-use
decisions, including those that could preclude mining.

B. BASIN AND RANGE - ROCKY MOUNTAINS
Bli. Columbia Plateau/Snake River Plain/Modoc Plateau

General Geology

About 200,000 km? of the Columbia Plateau is covered by flood basalt of
the Columbia River Basalt Group, erupted between 17 and 6 Ma, with more than
95 percent coming from about 17 to 14 Ma. Single flows have a vglume between
less than 1 km> to more than 700 km3, perhaps averaging 10-30 km3. All known
vents are in the eastern one—-half to two-thirds of the province. Single vent
systems are linear, north-northwest trending, and dike-fed. Some flows moved
long distances from their vents; the farthest known advance is about 500 km
from north-central Idaho to the Pacific QOcean. The flows built a relatively
featureless plain or plateau with no known shield volcanoes. The basalt was,
however, slowly deforming as it accumulated, and the results of that
deformation today are the roughly east-striking anticlines and synclines of
the western plateau, the Blue Mountains uplift in the southeastern part of the
plateau, and the general saucer shape of the plateau with its downdropped low
point in the Pasco Basin on the Hanford nuclear reservation., After the basalt
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was emplaced, north-northwest—, northwest—, and locally northeast-striking
strike—-slip faults developed in the western part of the area, apparently part
of a distributed right-lateral and subsidiary left-lateral shear zone.
Available evidence suggests that no one fault has large displacement, but
little presently is known about the faults.

Pre-basalt exposures in several mountains of central and eastern Oregon
and western Idaho contain a record of late Paleozoic to Mesozoic
sedimentation, and Mesozoic intrusion, metamorphism, and deformation. Many of
these rocks belong to one or more terranes that were juxtaposed with the
western Idaho batholith during late Mesozoic time.

The Snake River Plain is a poorly-known structural and depositional
trough, about 50 to 100 km wide, that extends for a distance of about 650 km
across southern Idaho. The western half of the plain formed initially as a
graben during Columbia River volcanism about 17-14 Ma, and is filled by
basaltic lava flows and terrestrial sediments. Bounding faults form the
margins of the western plain and geophysical evidence suggests that flows and
sediments here filled a fault-block depression. The western plain apparently
was the locus of sporadic eruptions of silicic volcanic rocks.

The eastern Snake River Plain is also a structural and depositional
basin, but its origin is poorly understood. Bounding faults have not been
observed and geophysical evidence suggests that basin-range structures extend
at least part way into the province. Current hypotheses suggest that the
eastern plain represents the track of a northeast-trending crustal melting
process that migrated from near the southwestern corner of Idaho to the
Yellowstone National Park area from about 15 Ma to the present. The eastern
plain is a bimodal rhyolite-basalt volcanic province, with silicic volcanic
centers (calderas) that now lie mostly buried by younger basaltic flows.
Directional structures in silicic ash-flow sheets along the margins of the
eastern plain indicate caldera sources along the plain axis. Younger basaltic
volcanism is concentrated along fissure-controlled vents aligned parallel to
basin-range structures at the margins of the eastern plain. These structures
are generally perpendicular to the axis of the eastern Snake River Plain.
Both silicic and basaltic volcanism of the eastern plain is mainly Neogene at
the southwestern end and Quaternary at the northeastern end.

The Modoc Plateau, mostly in northern California east of the Cascade
Range, consists of several faulted and gently tilted depositional b