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Introduction

The Centennial and Henry’s Mountains lie on the Idaho-
Montana border and are, respectively, east-west- and north-south-
trending ranges located inside the Yellowstone tectonic parabola 
near the eastern margin of the Basin and Range Province (Figure 
1). The Eocene igneous rocks exposed in these ranges represent a 
small, deeply eroded Eocene volcanic field that we refer to as the 
Centennial-Henry’s Mountains volcanic field (CHM). Today, the 
CHM is exposed in three areas, from west to east: in the Centennial 
Mountains west of Mount Jefferson and at Sawtell Peak and in the 
Henry’s Mountains near Mount Two Top (Figure 1). During the 
Eocene, this area lay just south of the Madison-Gravelly Arch, a 
north-south trending topographic high [1]. The CHM lies between 
two of the largest Eocene volcanic fields in North America—the 
Absaroka and Challis Volcanic Fields, located 80 km to the east 
and 120 km to the west, respectively. The Absaroka volcanic field 
was dominated by composite volcanoes, was primarily active 55-44 
Ma, and records compositions typical of subduction settings [2-10]. 
The Challis volcanic field, which is part of the Challis-Kamloops 
volcanic belt, contains remnants of composite volcanoes and 
calderas, was active 51-44 Ma, and records compositions interpreted 
to represent the opening of a window in the underlying subducted 
slab [3,7,10-16]. This study reports the field relations, petrography, 
and compositions of the CHM, evaluates the affinity of the CHM 
to nearby volcanic fields, and assesses the source and compositional 
evolution of CHM magma.

Field Relations and Petrography

Standard 1:24,000 scale geologic mapping and petrographic 
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work indicates that the volcanic features and petrography of CHM 
rocks are remarkably uniform—consisting almost exclusively of 
sequences of shoshonite aa flows that are one to ten meters thick 
(Figure 2A). Where slopes are steep, the cross sections of individual 
flow lobes are exposed (Figure 2B). CHM flows are crystal rich, 
contain euhedral clinopyroxene (cpx) phenocrysts and subhedral 
olivine (ol) phenocrysts that are commonly altered to iddingsite, 
include microlites of plagioclase and Fe-Ti oxides, and are sometimes 
vesicular or amygdaloidal (Figure 2C). Modal proportions are 61-69% 
groundmass, 22-34% cpx, and 5-12% ol, and rocks with more cpx 
contain less ol. Three units contain minor phlogopite. No pyroclastic 
rocks or lahar deposits were observed. In very few locations (Figure 
1B) there are small deposits of locally derived volcanic sediments 
between lava flows. CHM lava flows are cut by northwest-southeast 
trending vertical feeder dikes that are typically one to five meters 
thick. Some dikes have chilled margins, while others are surrounded 
by zones of hydrothermal alteration. Surface exposures of the large 
dikes are up to 100 m long. The absence of a clear eruptive center 
and scarcity of large dikes suggest that the eruptive center for CHM 
is no longer exposed. The orientations of CHM flows suggest that 
the eruptive center may lie north of Sawtell Peak (Figure 1B). 40/39Ar 
ages (of the oldest and youngest flows exposed at Sawtell Peak and the 
youngest flow exposed to the east, near Mount Jeffereson; Figure 1B) 
are unable to resolve a difference between the initiation and cessation 
of volcanism in the Sawtell Peak volcanic field—suggesting the flows 
erupted in a short period at 50 Ma, in the early Eocene [17]. Field 
relations support rapid accumulation of lava flows. For example, the 
sequence of flows commonly preserves easily eroded flow tops and 
records no significant disconformities.

Abstract

In the Centennial and Henry’s Mountains of Idaho and Montana north of Island Park, at least 40 km3 (maximum thickness >350 m) of Eocene shoshonite 
aa lava flows overlie local Paleozoic strata. The volcanic features, petrography, composition, and ages of these flows vary little throughout the section. 
Compositions of these rocks are uniformly shoshonitic, silica-oversaturated, magnesian, and calc-alkalic—and indicate that the original magmas are 
more like the mafic rocks of the Absaroka Volcanic Field that lies to the east and less like equivalent compositions from the Challis Volcanic Field that 
lies to the northwest. Variations in major and trace element compositions indicate that the magma that produced these flows evolved by fractional 
crystallization and mixing from primitive magma containing a subduction zone compositional component.
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Figure 1: Geographic reference map (A [23]) and geologic map (B [24]) for the Centennial-Henry’s Mountains volcanic field (CHM) showing the distribution of Eocene volcanic rocks and 
related features.
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Figure 2: A) Photo of a typical CHM aa flow showing a thin lower rubble zone, a dense interior, and thick upper rubble zone. B) Photo of several lava flow lobes. Outlines lie in the flow breccia 
carapaces surrounding dense flow interiors. C) Thin section photomicrograph of a CHM shoshonite showing phenocrysts of clinopyroxene (cpx) and olivine (ol) in a groundmass containing 
microlites of plagioclase and Fe-Ti oxides.
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Figure 4: Y versus Nb tectonic discrimination diagram of Pearce (1984) showing that CHM and Absaroka rocks have volcanic arc compositions, while Challis rocks plot in both the volcanic arc 
(for early magmatism) and intraplate (for late magmatism) fields.

Composition, Affinity, and Source

Whole-rock major- and trace-element analyses were obtained 
by wavelength dispersive X-ray fluorescence spectrometry at 
Brigham Young University, Provo following standard techniques 
(described at www.geology.byu.edu/faculty/ehc under the heading 
‘resources’). The complete dataset is reposited in the EarthChem 
database (earthchem.org). Figure 3 plots CHM compositions 
relative to those from the Absaroka and Challis volcanic fields. 
CHM rocks are shoshonites and latites, shoshonitic (K2O 2-5%), 
silica-oversaturated, magnesian, and calc-alkalic to alkali-calcic 
(Figure 3A-C, I). Sundell [17] identified three magmatic groups 
from the Absaroka volcanic field, and Bray [4] argued for the 

combination of two of Sundell’s groups—resulting in two groups, 
the Sunlight and Washburn—Thorofare Creek groups. Although 
CHM compositions share compositional characteristics with 
Challis and both Absaroka groups, CHM lava flows are most like 
the Absaroka Sunlight group. Comparing Y and Nb compositions 
(Figure 4) illustrates the similarity of CHM and Absaroka 
compositions, which uniformly plot in the ‘volcanic arc’ field. In 
contrast, the Challis compositions display an early subduction 
component in the mantle source that disappears through time. 
We interpret compositional data to indicate that the CHM is part 
of the Absaroka volcanic field and resulted from partial melting 
from a mantle source with a subduction zone compositional 
component.

Figure 3: Classification and Harker variation diagrams for major and trace element compositions of CHM samples plotted relative to the compositions the Absaroka Volcanic Field [4, 7, 8, 10, 
13]. A) IUGS classification diagram based on total alkalis (Na2O + K2O) versus SiO2 [21]. B) The SiO2 versus FeOtotal/(FeOtotal + MgO) classification diagram of Frost [20], using the dividing line 
of Miyashiro [22]. C) Modified alkali-lime versus SiO2 diagram of Frost [20]. I) K2O versus SiO2 using the classification lines of Ewart [19].
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Figure 5: Petrogenetic modeling diagrams for Rb, Sc, V, and Cr showing a fractional crystallization model and a magma mixing line that connects primitive and evolved compositions. The model 
suggests that CHM magma evolved by magma mixing and fractional crystallization. The Rayleigh fractional model employed the following mineral mode and partition coefficients were used: 
Ol = 6.7%; Cpx = 24.1%; Plag = 2.8%; Other = 0.2%; DRb bulk=0.013; DSc bulk=5.322; DCr bulk=2.172; DV bulk=0.316.
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Magmatic Evolution

Major- and trace-element trends on Harker variation diagrams 
(Figure 3) suggest mineral control in the evolution of CHM magma 
but are too incoherent to be explained by evolution along a single line 
of descent. Trace-element modeling of fractional crystallization used a 
primitive Absaroka composition as the starting point. Figure 5 shows 
the fractional crystallization model for Rb, Sc, V, and Cr compositions. 
This model was applied to all trace elements with similar results. It 
also shows a magma mixing line that connects primitive and evolved 
compositions. Together, these models define an envelope of magma 
mixing and fractional crystallization that is consistent with the 
compositional variations of CHM magma. The role of assimilation of 
crustal material can be assessed most effectively with isotopic data; 
however, the variability of incompatible trace elements (and their 
ratios) can be a reasonably good indicator of open-system processes. 
The variations of these elements suggest that assimilation did not play 
an important role in the development of CHM magma. In short, we 
propose that fractional crystallization and magma mixing controlled 
the evolution of CHM magma.
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