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DISCUSSION

This map is the fourth of a series of maps showing the distribution, composition,
and age of late Cenozoic volcanoes and volcanic rocks of the United States.
Designed primarily as a guide for exploration and evaluation of igneous-related
geothermal resources, this map series also should be useful as a base for evaluation
of volcanic hazards, for studies of volcanology and volcanotectonics, and for studies
of the general geology of volcanic rocks. Because little or no reliable data are
available for many areas, these maps are, to a considerable degree, our
interpretation of the general age and composition of the volcanic rocks. Thus,
current gaps in the data may be located by the combined use of the reliability and
data source diagrams (figs. 1 and 2).

For the purposes of this map, the late Cenozoic extends from 16+ 1 million years
(m.y.) ago to the present. This cutoff was chosen because it has meaning in a
volcanological and tectonic sense; there was a widespread change in the style of
volcanism at about this time over much of western United States (Christiansen and
Lipman, 1972; McKee, Noble, and Silberman, 1970; Stewart, Moore, and Zietz,
1977). This change coincides, in a general way, with the onset of the tectonic
extension and breakup that characterizes the Basin and Range Province but that is
also reflected in bordering areas. This change may have occurred earlier or later
than 16+1 m.y. ago in some areas, but this time seems an acceptable compromise
for the general purposes of the maps.

The significance of this time cutoff for geothermal purposes is problematical.
High-grade geothermal resources of the world are located in regions of late
Cenozoic volcanic activity. The high-grade geothermal potential of an area declines
rapidly with increasing age of volcanism,; all high-grade geothermal resources from
which energy has been extracted for power are associated with igneous systems
active within the last 1 m.y. Lower grade (that is, lower temperature) geothermal
resources may be related to the declining thermal stages of igneous systems or to
other sources of thermal energy. However, the low-grade geothermal resource is
not well defined, and at this time it is a largely unknown quantity. Hot or warm
springs are known to be associated with volcanic areas older than 161 m.y. It is
doubtful that these areas have significant geothermal resources although the utility
of low-grade geothermal is currently uncertain. In any case, we suspect that the
major thermal source for low-grade resources is very deep in the crust and that the
hot-spring activity is related to very deep circulation of ground water. This same
statement may apply to most large igneous systems older than a few million years
and to many small systems older than a few tens of thousands of years.

Within this late Cenozoic time frame, the ages of the volcanic rocks are arbitrarily
divided into three categories: present—5 m.y., 5-10 m.y., and 10-16=1 m.y. The
time increment from the present to 1 m.y. is further subdivided by use of colored
vent symbols; all vents older than 1 m.y. are shown in black.

The volcanic rocks, including some hypabyssal rocks, have been classified into
five major types based primarily upon their known or assumed silica content:

1. Feldspathoidal basalts including Less than 46 percent SiO,
basanite, limburgite, tephrite,
and other rare alkalic rocks

2. Basalt including trachybasalt,
hawaiite, etc.

3. Andesite including trachyandesite,
etc.

4. Dacite including rhyodacite,
quartz latite, trachyte, etc.

5. Rhyolite including pantellerite, etc.

46-54 percent SiO,
54-62 percent SiO,
62-70 percent SiO,

Greater than 70 percent SiO,

This rock classification is a compromise between the simple silicic-basic distinction
that is considered to be significant for geothermal purposes (Smith and Shaw, 1975;
and 1979), and a more detailed classification that would be desirable for purely
volcanological purposes. In most areas the existing published data are inadequate
for a systematic application of a more detailed classification. This classification also
emphasizes dominant rock types. Unique and otherwise rare alkalic rocks are
lumped together with the infrequently occurring feldspathoidal basalts unless, like
trachyte, they represent the salic end of a rock series and may be interpreted, like
dacite and rhyolite, as suggesting a high-level thermal source.

Considerable effort was made to accurately locate and represent the volcanic
vents. The distribution, age, and morphology of vents must be known to interpret
structure, type, and geothermal significance of volcanological systems. The type of
vent is also a general indicator of rock chemistry and thus allows an interpretation of
composition in the absence of other data.

In earlier maps of this series covering Arizona-New Mexico, Colorado-Utah, and
California-Nevada, it is possible to identify numerous specific volcanic loci that are
definable as geographic entities. However, in Oregon and Washington during the
last 16 m.y., the widespread occurrence and frequency of volcanism makes
meaningful delineation of specific volcanic systems difficult to impossible except in
very local areas.

Volcanism in the last 5 m.y. is best, although too simply, categorized by a
three-fold division of the map: (1) The High Cascade volcanic lineament, (2) the
Oregon-Nevada (Orevada) zone of volcanic transgression, and (3) the
Owyhee-Newberry volcanic lineament.

The High Cascade lineament exhibits a continuous zone of volcanic vents from
northern California across Oregon into Washington until, north of Mount Adams,
the distribution of volcanoes becomes more focused with spacing between volcanic
centers as in arc systems. This mode continues into British Columbia.

In Oregon, the continuous zone of volcanoes, most of which have formed within
the last 1 m.y. including many eruptive sites formed within the last 10,000 years,
suggests potential volcanic activity from any part of the zone. Even so, the locations
of the major High Cascade volcanoes in this zone, Mount Hood, Mount Jefferson,
Three Sisters area, Crater Lake, and Mount McLaughlin, indicate the focused
nature of the major thermal anomalies. Silicic nuclei, preferred as high-grade
geothermal energy sources, are small and few in the High Cascades and unless they
are younger than 100,000 years or are associated with major thermal foci, they are
of doubtful geothermal significance.

The area affected by the Orevada volcanic transgression as outlined by MacLeod,
Walker, and McKee (1976), Rytuba (in press), Stewart, Walker, and Kleinhampl
(1975), and Walker (1974) includes most of the southern half of Oregon east of the
Cascades (fig. 3). The very large number of silicic nuclei generated in a systematic
progression from southeast to northwest during the last 16 m.y. in this area is
remarkable. Within the last 5 m.y., most of this silicic volcanic activity has been
confined to northern Lake and Klamath Counties and southern Deschutes County
where it has culminated in a major volcanic locus around the potentially active
Newberry Volcano.

Outside of the Newberry locus, probably all of the silicic nucleiless than 5 m.y. old
are too small and(or) too old to be associated with significant high-grade geothermal
systems. However, the vast amount of thermal energy transferred by magma
through the crust of southeast Oregon in the last 16 m.y. has left a thermal residuum
that together with extensive ground-water reservoirs, deep faulting, and local less
than 5 m.y. old basaltic volcanism, has created an extensive low-grade resource
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Superimposed on the Orevada zone and roughly coincident with it is a zone of
less than 5 m.y. old basaltic volcanism. The distribution of basalt vents is sporadic
and seemingly random in the outer parts of the zone but concentrated in the central
part. In the central part here referred to as the Owyhee-Newberry volcanic
lineament, the vents are concentrated into loci or basaltic fields reminiscent of
volcanic lineaments shown on earlier maps of this series. Of the probable five
discrete loci in the Owyhee-Newberry lineament, four have erupted basaltic lavas
within the last 10,000 years and one of these, Newberry, has erupted rhyolite within
the last 1,400 years.
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