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INTRODUCTION 

Early Tertiary geologic history of the northwestern 
United States was characterized by a short-lived but 
intense magmatic episode from 55 Ma to 40 Ma. That 
episode resulted in an areally extensive and composi- 
tionally diverse belt of volcanic and plutonic rocks 
extending from southern British Columbia across north- 
eastern Washington and central Idaho and into Montana 
and Wyoming. Although the time equivalence of this 
belt of rocks has been recognized and some basic 
geologic, geochemical, and radiometric work has been 
completed, the Eocene magmatic event remains poorly 
understood within the context of Eocene tectonics of the 
northwest. 

The Challis volcanic field of central Idaho is the 
largest and most diverse of the Eocene volcanic fields, 
both in composition and in variety of volcanic deposits. 
Because it is dissected to subvolcanic levels, geologists 
can study the geochemical relationships among cogenetic 
volcanic and intrusive units and the internal structures of 
volcanic and hypabyssal complexes. 

In this paper we summarize current knowledge of the 
geology of the Challis volcanic field, including its 
regional stratigraphy, geochronology, and geochemistry. 

’ Department of Geology, Idaho State University, 
Pocatello, Idaho 83209 

REGIONAL GEOLOGIC SETTING 

The Challis volcanic field is part of an extensive 
Eocene volcanic belt in the Pacific Northwest between 
42 and 49 degrees north latitude (Fig. 1). The belt 
extends 1500 km from west to east and includes the 
British Columbia alkalic province, the Sanpoil field in 
northeastern Washington and southern British Columbia, 
the Challis field in central Idaho, the Absaroka field in 
Montana and Wyoming, the Montana alkalic province, 
and numerous small, scattered outliers of Eocene vol- 
canic rocks. 

The Eocene volcanic belt was originally named the 
Challis Arc (Vance, 1979), which has led to an 
acceptance of the volcanics as being subduction-related. 
However, recent work suggests that this tectonic inter- 
pretation is too simplistic (Gest and McBimey, 1979; 
Moye, 1984; Ekren, 1985; Fox and Beck, 1985; Carlson 
and Moye, in press). We therefore propose that the name 
Challis Arc be abandoned for the Eocene volcanic 
deposits, because the term “arc” implies a subduction- 
related origin and such a tectonic setting remains to be 
demonstrated for these igneous rocks. 

Two tectonic settings have been proposed for the 
Eocene volcanism, based on compositional variation and 
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Figure 1. Distribution of Eocene volcanic rocks in the northwestern United States and southern British Columbia. Major 
fields are labeled, showing approximate age span of most intense volcanism. Regional structures are shown in relation to 
distribution of volcanic fields; Trans-Challis Fault Zone is from Bennett (1986) and Great Falls Tectonic Zone is from 
O’Neill and Lopez (1985). 

on spatial and temporal relations. The most commonly 
accepted model suggests that shallow subduction and 
imbrication of the Farallon plate beneath the North 
American plate was responsible for an anomalously wide 
volcanic arc (Lipman and others, 1971, 1972; Lipman, 
1980). This model axiomatically assumes that east-to- 
west potash variation in bulk rocks varies systematically 
as a function of depth to an Eocene Benioff zone. Imbri- 
cation of the subducted slab is postulated to explain the 
apparent repetition of potash-with-depth trends across the 
arc. 

An alternative and opposing model suggests that a 
collision of the Pacific and North American plates 
triggered intracontinental rifting and related igneous 
activity (Ewing, 1980; Fox, 1983; Fox and Beck, 1985). 
This model is based largely on studies of the alkalic 
volcanic fields in British Columbia and Washington, and 
it emphasizes the presence of extensional structures that 

formed in response to collision. It focuses on studies of 
Eocene rocks in northeastern Washington and British 
Columbia and does not incorporate data from the other 
volcanic fields. 

Paleotectonic settings and petrogenesis of ancient 
volcanic rocks are largely inferred by comparing their 
geochemical and isotopic data with similar data from 
active volcanoes in known tectonic settings. Funda- 
mental petrographic and geochemical data from the 
Sanpoil (Moye, 1984; Carlson and Moye, in press), 
Absaroka (Gest and McBimey, 1979; Meen, 1987) and 
Challis (McIntyre and others, 1982; Hackett and others, 
1988; Norman, 1988) volcanic fields are still being 
acquired. When complete, this information will 
ultimately lead to substantial refinement of Eocene 
magmatic and tectonic models for the Pacific Northwest. 
However, Eocene paleotectonics in the Pacific Northwest 
remains a subject of current debate. 
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GEOLOGY OF THE 
CHALLIS VOLCANIC FIELD 

The Challis Volcanic Group (Fisher and Johnson, 
1987) of central Idaho is exposed over an area of about 
25,000 square km and forms the largest subregion of 
Eocene volcanic rocks in the northwestern United States 
(Fig. 2). The rocks were deposited on an irregular pre- 
volcanic terrain underlain by Precambrian crystalline 
rocks and Belt Supergroup, Paleozoic sedimentary rocks, 
and Mesozoic Idaho Batholith. Stratigraphic relations in 
the Challis volcanic field are complex as a result of 
deposition on that irregular surface, coeval graben subsi- 
dence, and pre-, syn-, and post-volcanic block faulting 
(Hardyman, 1981; McIntyre and others, 1982; Fisher and 
others, 1983; McIntyre, 1985; Ekren, 1985). Subsequent 
erosion has deeply dissected the volcanic field, giving 
excellent exposure of both volcanic deposits and 
subvolcanic rocks (Bennett, 1980; Fisher and others, 
1983; Kiilsgaard and Lewis, 1985; Hardyman and Fisher, 
1985). 

Figure 3 gives generalized stratigraphic columns for 
the Challis volcanic field in central Idaho. For descriptive 
purposes, we divide the Challis volcanic field into a 
northern portion where first-order mapping and 
stratigraphic studies are complete, and a southern portion 
where first-order studies are still in progress. Our 
discussion of the northern portion of the field is based 
primarily on work by the U. S. Geological Survey for 
the Challis 1 x 2 degree CUSMAP (MacIntyre and 
others, 1982). The geology of the southern part of the 
field is largely based on our own work in progress. 

Regional stratigraphy, volcanic styles and bulk 
compositions of volcanic rocks are similar in the 
northern and southern Challis field. Early volcanism 
produced intermediate to mafic lava flows and tuff 
breccias that were deposited on an irregular topographic 
surface of Precambrian to Cretaceous rocks. Later 
volcanism was more explosive and magmas were more 
silicic. In the northern part of the field, voluminous 
explosive and effusive eruptions deposited dacitic to 
rhyodacitic ash-flow tuffs and lava flows, and this 
resulted in the collapse of several large cauldrons. 
Explosive silicic volcanism also occurred in the southern 
part of the field, but was less voluminous. The final 
stage of igneous activity in the field involved the 
emplacement of dacitic to rhyolitic domes and the 
effusion of minor silicic lava flows. 

Northern Challis Field 

The most voluminous volcanism and plutonism 
occurred in the interval from 51 to 45 Ma, with minor 
silicicic intrusive activity persisting until 40 Ma. 
Volcanism involved the construction of composite cone 
complexes during effusion of intermediate lavas and the 
formation of calderas associated with explosive ash-flow 

eruptions. Intrusive rocks were emplaced as plugs, 
domes, dike swarms, and composite stocks. Based on the 
work of McIntyre and others (1982), volcanic deposits of 
the northern Challis field can be subdivided into several 
stratigraphic packages. These are, from oldest to 
youngest: (1) intermediate rocks, dominantly andesite 
lava flows; (2) rhyodacite to rhyolite ash-flow tuffs; and 
(3) rhyodacite to rhyolite domes and plugs. 

Intermediate Rocks 

Volcanism began about 51 Ma with the effusion of 
voluminous intermediate to mafic lava flows. The early 
intermediate to mafic lavas are largely covered by ash- 
flow tuffs on the northern and western parts of the field, 
and the early in&mediate rocks are therefore best exposed 
in the southeastern part of the Challis 1 x 2 degree 
quadrangle (Fig. 2). McIntyre and others (1982) divide 
the intermediate and mafic rocks into (1) dacite with 
phenocrysts of plagioclase, pyroxene, and/or amphibole 
and biotite, and (2) andesite to basalt with phenocrysts of 
pyroxene or olivine and plagioclase. David McIntyre 
(written communication, 1986) suggests that early vol- 
canism was widespread, with eruptions from many 
centers over a large portion of the northern Challis field. 
Dacites were erupted from small composite volcanoes or 
dome complexes. Basalts and andesites form lava flows 
and intrusive masses confined to several northwest- 
trending zones in the southeastern part of the Challis 1 x 
2 degree sheet and along the east flank of the Lost River 
Range, north of the town of Mackay (Fig. 2). 

In addition to the great compositional and lithologic 
variety of the early volcanic rocks, McIntyre and others 
(1982) recognize an equally complex assemblage of asso- 
ciated hypabyssal intrusive rocks, including dacite dikes, 
composite stocks of granite to quartz monzonite, and 
small syenite intrusions. 

Rhyodacite to Rhyolite Ash Flow Tuffs 

Early effusive volcanism was followed by a period of 
explosive rhyodacite to rhyolite volcanism, resulting in 
subsidence of the Van Horn Peak cauldron complex, the 
Thunder Mountain caldera, and the Twin Peaks caldera 
during the brief interval of about 49-45 Ma (Fig. 2; 
Hardyman, 1981; McIntyre and others, 1982; Leonard 
and Marvin, 1982; Ekren, 1985). The caldera structures 
are recognized by the presence of curvilinear faults and by 
ignimbrite units that record the emplacement of thick 
intracaldera pyroclastic flows and thin outflow units. 
Graben subsidence preceded and was synchronous with 
volcanism, producing co-linear, northeast-trending 
volcano-tectonic depressions confined to the trans-Challis 
fault zone (McIntyre and others, 1982; Bennett, 1986). 

Initial explosive volcanism resulted in the widespread 
emplacement of a rhyodacitic ash-flow tuff: the tuff of 
Ellis Creek is the most voluminous volcanic unit in the 
Challis quadrangle, and its eruption led to collapse of the 
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Figure 2. Distribution of Eocene volcanic and plutonic rocks of the Challis volcanic field, showing known or suggested 
cauldrons and calderas. Volcanic rocks are subdivided based on primary lithologic type. Volcanic geology of the Challis 1 
x 2 degree quadrangle is from McIntyre and others (1982); 
reconnaissance field work. 

volcanic geology for the rest of the field is from our 
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34-by-4%km Van Horn Peak cauldron complex. The tuff 
of Ellis Creek is of variable thickness, due to deposition 
on irregular topography. Its maximum thickness outside 
the cauldron is 400 m, but it reaches 1,500 m within the 
cauldron complex (Ekren, 1985). The tuff occurs up to 
80 km from its source, and McIntyre and others (1982) 
suggest that its original areal extent was much greater 
than today, since much of the unit has been removed by 
uplift and erosion, particularly to the west. 

Younger ash-flow tuff units are less voluminous than 
the tuff of Ellis Creek. These include the tuff of 
Eightmile Creek, tuff of Pennal Gulch, tuff of Challis 
Creek, and several unnamed or volumetrically minor ash- 
flow tuffs (McIntyre and others, 1982; Ekren, 1985). 
These tuffs are related to the collapse of segments of the 
Van Horn Peak cauldron complex, culminating with the 
eruption of the tuff of Challis Creek and the collapse of 
the Twin Peaks caldera about 45 Ma (Ekren, 1985). The 
younger tuffs range in composition from quartz latite to 
alkali rhyolite and are more alkaline than the tuff of Ellis 
Creek. 

In the southeastern portion of the Challis 1 x 2 degree 
quadrangle, McIntyre and others (1982) have mapped 

several ash-flow tuff units from unknown sources. The 
deposits are thought to have erupted from sources to the 
south, on the Idaho Falls or Hailey 1 x 2 degree quad- 
rangles, but our preliminary mapping has not yet 
identified any southerly sources for these deposits. 

Rhyolite Domes and Casto Pluton 

Waning stages of igneous activity in the northern part 
of the Challis volcanic field were characterized by the 
emplacement of rhyolite to alkali rhyolite domes, and 
intrusion of the granitic Cast0 pluton into the lower part 
of the ash flow tuff sequence. Dome emplacement was 
controlled by cauldron ring faults and by extensional 
structures. Criss and others (1984, 1985) use oxygen 
isotopes to map the extent of fossil hydrothermal cells 
associated with the emplacement of domes and small, 
shallow intrusions. Epithermal precious-metal minerali- 
zation is spatially associated with dome emplacement 
(Hardyman and Fisher, 1985). 
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Figure 3. Generalized stratigraphic sections and correlations of volcanic units for the eastern half of the Challis 1 x 2 degree 
quadrangle (modified from McIntyre and others, 1982) and the northwestern portion of the Idaho Falls I x 2 degree 
quadrangle (from our own reconnaissance mapping). 
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Southern Challis Field 

Geologic mapping and regional stratigraphic studies 
of the southern Challis field are in progress. The 
following descriptions of regional stratigraphy are 
preliminary, and formal stratigraphic names have not yet 
been assigned to rock units. Volcanic stratigraphy in the 
Grouse 15minute quadrangle is from Betty Skipp 
(written communication, 1986). 

Volcanic and sedimentary deposits of the southern 
Challis field are subdivided into four stratigraphic 
packages. From base to top, these are: (1) basal Challis 
conglomerate and tuff breccia; (2) andesitic lava flows 
and tuff breccias; (3) dacitic to rhyodacitic ash flows and 
lava flows; and (4) dacitic to rhyolitic hypabyssal 
intrusions. 

Basal Challis Conglomerate 

Nelson and Ross (1968, 1969) and Dover (1969, 
1983) describe a Cretaceous(?)-Tertiary(?) pre-Challis 
conglomerate in the southern part of the Challis field; 
the unit is described as being: (1) unconformable on 
Paleozoic rocks; (2) unconformably overlain by Challis 
Volcanics; and (3) containing only clasts of Paleozoic 
sedimentary rocks with no volcanic component. Paul1 
(1974) assigned the name Smiley Creek Conglomerate, 
described the unit as a post-erogenic conglomerate, and 
considered the unit to be unconformably overlain by 
Challis Volcanics. Work in progress (Burton and 
Blakley, 1988) demonstrates that the conglomerate is 
locally conformable with Challis Volcanics and has a 
probable Eocene to Oligocene pollen assemblage. It 
therefore represents a depositional transition from an 
orthoconglomerate that lacks volcanic debris into a 
tuffaceous paraconglomerate whose deposition was 
coincident with local onset of Challis volcanism. The 
tuffaceous paraconglomerate in turn grades upward into 
andesitic tuff breccias and lava flows. The unit is 
significant in studies of Challis volcanism because it 
helps to define paleotopography before volcanism and 
because its volcanic clasts provide a record of 
compositional diversity during earliest volcanism. In 
addition, the age constraints on this unit define a 
minimum age for the initiation of volcanism in this part 
of the Challis field. 

Comparable stratigraphic relations occur in the 
southeastern Challis 1 x 2 degree quadrangle, where a 
similar elastic sedimentary package is mapped at the base 
of the Challis Volcanics in the Sage Creek area 
(McIntyre, 1982; Fisher and others, 1983). 

Andesite Lava Flows ahd Tuff Breccias 

The basal volcanic section in the southern part of the 
Challis field is dominated by andesite lava flows and tuff 
breccias of variable thickness. In the Antelope Pass and 
Sheep Mountain areas, audesite and dacite lavas form 

sections up to 600 m thick, and the deposits may have 
been confined to large paleovalleys or syn-volcanic 
graben structures. In the Porphyry Peak area, the basal 
volcanic section is 700 m of andesitic lava flows and 
monolithologic tuff breccias. In the Grouse quadrangle 
and in the Lake Hills section, the thickness of the basal 
andesitic unit is much less, with a maximum thickness 
of 350 m. Individual lava flows and tuff breccia units 
vary in thickness and lateral extent because they were 
confined to paleovalleys on the irregular pre-Challis 
surface. 

Source vents for the lavas are difficult to identify 
because clear volcanic facies patterns are absent in most 
areas. Abundant dikes, together with the rarity of central- 
vent facies relationships, suggest that many lava flows 

may have been erupted from fissures rather than point 
sources. A K-Ar age of 49.3 + 0.7 Ma (J.D. Obradovich, 
written communication to Betty Skipp, 1976; 
recalculated 1987) was determined for the basal andesite 
in the Grouse U-minute quadrangle (Betty Skipp, 
written communication, 1987). 

Phenocrysts in andesite lavas are predominantly 
olivine and clinopyroxene, with minor plagioclase; hom- 
blende or orthopyroxene are also present in more felsic 
rocks. Shoshonite lavas contain phenocrysts of olivine 
and clinopyroxene f minor plagioclase. Mafic lavas 
(absarokites and high-K basalt@ are dominated by olivme 
and clinopyroxene phenocrysts; olivine commonly 
contains inclusions of chrome spinel. 

Dacite to Rhyodacite Ash flows and 
Lava Flows 

The most voluminous deposits of the southern 
Challis field are rhyodacite lava flows and ash flow tuffs. 
Pyroclastic deposits are compound- and multiple-flow 
units, indicating numerous explosive eruptions. From 
base to top, this stratigraphic package is generally 
divided into: (1) lower andesite to rhyodacite ash-flow 
tuffs and tuff breccias; (2) lower rhyodacite to dacite lava 
flows; (3) upper rhyodacite ash-flow tuffs; and (4) upper 
rhyodacite lavas. Although general compositional and 
lithologic similarites exist among the sections studied, 
only the upper ash flows are widespread and offer 
potential for regional correlation. Deposits lower in the 
stratigraphic sections are generally more localized and 
less readily correlated; they are thought to represent 
parallel eruptive trends from separate eruptive centers. 

The Sheep Mountain and Porphyry Peak areas are 
inferred sources of these voluminous silicic volcanics, 
but our preliminary mapping has not yet proven any 
calderas. Aeromagnetic data suggest the presence of 
buried intrusive bodies in these areas (Dean Kleinkopf, 
oral communication, 1987). Rhyodacite dikes that are 
lithologically similar to the lower ash-flow tuffs are 
present in the Grouse 15-minute quadrangle, suggesting 
fissure eruptions there. In the Lake Hills area north of 
Carey, thick sections of ash-flow tuffs were apparently 
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derived from nearby source(s), but mapping has not yet 
located them. Further to the west on the Hailey 1x2 
degree quadrangle, Hall and McIntyre (1986) suggest a 
large cauldron complex west of Ketchum (Fig. 2), but 
our mapping has shown that the area is underlain 
primarily by intermediate lavas, with little evidence of 
large-scale explosive volcanism. 

Lower ash flows are typically moderately welded, 
crystal-vitric dacite to rhyodacite ash-flow tuffs, with 
subordinate airfall tuffs and lava flows. Several simple 
and compound cooling units are recognized. The ash-flow 
tuffs contain 5 to 30 percent phenocrysts of plagioclase, 
biotite, hornblende, sanidine, and minor but conspicuous 
pyroxene. Lithic fragments in some units are large and 
abundant near an inferred source in the Sheep Mountain 
area. Thickness is 250-300 m in the Grouse and Sheep 
Mountain sections; the unit is not believed to be present 
in the Porphyry Peak and Lake Hills areas. 

Lower dacitic to rhyodacitic lava flows and tuff 
breccias up to 270 m thick overlie the lower ash flows in 
the Grouse and Sheep Mountain areas. Individual lava 
flows vary from a few meters to a few tens of meters in 
thickness and contain varied proportions of plagioclase, 
hornblende, biotite, with minor pyroxene, sanidine, and 
quartz phenocrysts. In the Lake Hills area, silicic lava 
flows are collectively only a few tens of meters thick and 
are intercalated with ash-flow tuffs. Lava flows are not 
present at this stratigraphic interval in the Porphyry Peak 
area. 

Upper rhyodacite ash flows range from 200 m total 
thickness in the Grouse and Sheep Mountain areas to 
150 m thick in the Porphyry Peak area. The upper 
rhyodacite ash flow package can be correlated among the 
Porphyry Peak, Grouse and Sheep Mountain areas. In the 
Grouse quadrangle, multiple cooling units are present 
(Betty Skipp, written communication, 1987); in the 
Sheep Mountain area, three compound cooling units 
with interbedded volcaniclastic rocks are recognized, and 
in the Porphyry Peak area only two cooling units are 
present. The upper ash flows contain 5 to 15 percent 
phenocrysts, dominated by biotite and plagioclase, with 
minor sanidine and hornblende, and no pyroxene. Lithic 
fragments of volcanic and pre-Tertiary rock are abundant 
in most units and are l-2 cm in size, suggesting prox- 
imity to source. A lithic-rich ash flow 30 m thick caps 
the section at Lake Hills, but no correlation with other 
units has yet been made. 

Upper rhyodacite lavas comprise the highest unit in 
the intermediate ash flow and lava flow sequence and are 
locally exposed in the southeastern Challis field. The 
thickest and best-exposed deposits occur at Porphyry 
Peak, where 200-300 m of lavas and autoclastic tuff 
breccias occur. The lava flows are commonly silicified 
and highly porphyritic, with phenocrysts of sanidine, 
biotite and hornblende. 

Dacite and Rhyolite Domes 

The latest stage of igneous activity in the southern 

part of the Challis field involved the emplacement of 
dacite and minor rhyolite domes, together with associated 
lava flows and localized pyroclastic deposits. As in the 
northern part of the field, epithermal mineralization is 
commonly spatially associated with late-stage igneous 
activity. Ore deposits occur along regional structures that 
focused hydrothermal solutions, altering Paleozoic 
carbonates to jasperoids or skams, and forming extensive 
alteration halos in volcanic rocks (Moye and Hall, 1988). 
Oxygen isotope studies, similar to those completed on 
the Challis 1 x 2 degree quadrangle, are now in progress. 

Regional Stratigraphic Correlations 

Preliminary stratigraphic correlations, based on eleven 
radiometric age dates from the Challis 1 x 2 degree quad- 
rangle (McIntyre and others, 1982) and three from the 
Grouse quadrangle (Betty Skipp, written communication, 
1987), together with field correlations of ash-flow tuffs 
in the Sheep Mountain, Porphyry Peak and Grouse 
sections are shown on Figure 3. These correlations 
suggest that volcanism in the southern part of the 
Challis field occurred over a similar 5-6 Ma time interval 
as in the northern part and that volcanism of the southern 
Challis field was synchronous with middle to latest 
volcanism of the northern Challis field. 

Age dating and detailed lithologic studies are still in 
progress, and no unequivocal correlations have yet been 
made between deposits in the Challis 1 x 2 degree 
quadrangle (McIntyre and others, 1982) and deposits in 
the northwest Idaho Falls 1 x 2 degree or northeast 
Hailey 1 x 2 degree quadrangles. A northeast-trending 
Eocene structural high has been suggested to extend 
across an area approximately coincident with the map 
boundary dividing the northern and southern Challis 
fields at 44 degrees north latitude (Skipp and Harding, 
1985). We believe that the abrupt termination of ash- 
flow sheets both north and south of this inferred paleo- 
high, and the presence of extensive Eocene conglom- 
erates beneath the Challis Volcanics on the north and 
south sides of the paleo-high, confirm the presence of 
this structure. 

Geochemistry of 
Challis Volcanic Rocks 

The remarkable geochemical diversity of Challis 
volcanic and intrusive rocks that formed mostly in a six- 
million-year period is shown in Figure 4. We emphasize 
that mafic samples are over-represented in Figure 4, and 
these data do not represent the relative volumes of lava 
types in the Challis field. 

Challis volcanic rocks are dominantly high-K 
andesites, high-K dacites and latites, but range from 
basalt to alkali rhyolite in composition. Potassic mafic 
lavas (including absarokites and shoshonites; Hackett and 
others, 1988) occur as part of the early intermediate 
deposits and have compositions similar to rocks 
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described from the Absaroka volcanic field (Gest and 
McBimey, 1979; Meen, 1987). 

SUMMARY 

The Eocene Challis volcanic field was active for about 

65 

SQ, weight % 

Figure 4. Potash versus silica variation diagram, showing 
compositional variation of bulk rocks from major 
Eocene volcanic fields in the Pacific Northwest. 
Compositional fields are from Peccarillo and Taylor 
(1976). Filled squares are analyses from the Sanpoil 
volcanic field (Church, 1963; Moye, 1984). Filled 
circles are analyses from the Absaroka field (Chadwick, 
1970; Gest and McBirney, 1979). Crosses are analyses 
from the Challis volcanic field (32 analyses from 
McIntyre and others, 1982; 40 new x-ray fluorescence 
analyses of mafic lavas by S. A. Mertzman, written 
communication, 1987). 

10 Ma, but most volcanism occurred during a period of 
only 6 Ma. A general evolutionary trend of diverse 
magma compositions and deposits is evident (Fig. 5). 
Early volcanism was dominated by the effusion of mafic 
to intermediate lava flows, beginning at about 51 Ma. 
Vents are difficult to identify, but general field relations 
suggest that eruptions occurred from numerous central- 
vent stratovolcanoes and that fissure-fed lava flows were 
emplaced into northeast-trending graben. The early 
intermediate volcanic rocks have a broad compositional 
range, including high-K basalt, shoshonite, absarokite, 
high-K andesite and latite, but there is no apparent 
systematic age or spatial relation among these lava 
types. 

Later eruptions of voluminous, intermediate-to-silicic 
ash-flow tuffs and local lava flows occurred from 48 to 
45 Ma in the northern part of the Challis field (McIntyre 
and others, 1982) and from 49 to about 44 Ma in the 
southern part (Betty Skipp, written communication, 
1987). The general compositional trend with time is 
from high-K dacitic to rhyodacitic rocks, to more alkali- 
rich latite, trachyte, and alkali rhyolite. Concurrent 
subsidence of large cauldron complexes, calderas and 
northeast-trending volcano-tectonic depressions occurred 
in the northern part of the field. Similar structures are 
inferred but not yet proven in the southern part of the 
field. 

Final stages of igneous activity involved the emplace- 
ment of dacitic to rhyolitic domes and small intrusive 
bodies until about 40 Ma. Intrusions were controlled by 
cauldron structures and northeast-trending regional faults. 
Epithermal mineral deposits are spatially associated with 
this late igneous activity. 

Figure 5. Photograph showing Challis volcanic stratigraphy of the Porphyry Peak area, in the southeastern Challis field (see 
Fig. 2 for location). Stratigraphic relations and map units shown are generally representative of the entire Challis field: 
basal conglomerate is overlain by intermediate lava flows and tuff breccias, in turn overlain by silicic ash flows and 
lavas. These deposits are intruded by hypabyssal dacite porphyry and small rhyodacite bodies. 
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