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GEOLOGIC SUMMARY 

Paleozoic–Cretaceous sedimentation occurred in 
a shallow, marine to non-marine environment. Short-
ening, intrusion of the Boulder Batholith, and coeval 
eruption of the Elkhorn Mountains Volcanic field 
(EMVF) thickened the sedimentary thrust wedge by 
around 16–17 km between about 85 and 74 Ma (Lag-
eson and others, 2001; ages of EMVF from Olson and 
others, 2016). The Bison Mountain 7.5′ quadrangle 
lies within the Helena Salient (fig. 1), formed dur-
ing orogenic collapse of the Montana fold-thrust belt 
beginning at around 100 Ma (Hyndman and others, 
1975; Sears, 2016).

Late Cretaceous Cordilleran arc magmatism (e.g., 
Rutland and others, 1989) produced the EMVF be-

tween about 85 and 77 Ma (Olson and others, 2016; 
Korzeb and others, 2018). Precious and base metal 
hydrothermal mineral deposits followed emplacement 
of granite (Kg) into its volcanic roof, the EMVF, at 
approximately 74 Ma (ages summarized in Olson and 
others, 2016). The EMVF is around 1.5 km (0.9 mi) 
thick in the Bison Mountain 7.5′ quadrangle, where 
it consists of basaltic andesite–andesite lavas (Keml), 
diorite intrusions (Kdi), breccia, debris flows and tuff 
(Kat), and intercalated andesite–dacite lavas, domes, 
and volcanogenic sediments (Keld). These rocks are 
overlain primarily by rhyolite ignimbrite (Kemr) (table 
1, fig. 2C). High-angle normal faulting contributed 
to exhumation of the Late Cretaceous magma system 
(Ruppel, 1963; Wallace and others, 1990; Schmidt and 
others, 1994). 
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Figure 1. Location of the Bison Mountain 7.5′ quadrangle in the Helena structural salient and 
igneous geology of the Boulder Batholith and surrounding region. Geology modified from Vuke 
and others (2007). 
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Figure 2. EMVF photographs. Rock compositions are shown on map figure 3. EMVF, 
Elkhorn Mountains Volcanic field. (A) Tertiary rhyolite ignimbrite (Trt). (B) Large 
hornblende crystals in diorite intrusion (Kdi). (C) Fiammé in rhyolite ignimbrite of the 
middle member EMVF (Kemr). (D) Block of basaltic andesite–andesite lava of the lower 
member EMVF (Keml) encased by rhyolite ignimbrite of the middle member EMVF 
(Kemr). (E) Ramp structure in dacite lavas of the lower member EMVF (Keld). (F) Voids in 
the lavas are interpreted to represent tree molds produced in the lava during lateral flow.  

FiamméFiammé
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As much as 430 m of paleotopography channeled 
the movement of Tertiary silicic lavas and tuffs (Rup-
pel, 1963) between about 53 and 30 Ma (ages from 
Dudas and others, 2010; Mosolf, 2015). An extended 
period of erosion planed off the landscape, leaving 
isolated mountains that stood 150–300 m (492–984 ft) 
high (Ruppel, 1963). Middle Miocene basin and range 
block faulting (Reynolds, 1979) reactivated fault zones 
and revived stream incision in the Bison Mountain 
7.5′ quadrangle. Pleistocene valley glaciers occupied 
the Little Blackfoot River, Ontario Creek, and many 
of their tributaries during the last glaciation. Valley 
glaciers were part of an ice sheet that attained a thick-
ness of more than 300 m (984 ft) locally, and covered 
around 520 km2 (201 mi2) between Butte and Helena 
(Ruppel, 1962). 

STRUCTURAL GEOLOGY

The oldest rocks exposed are a gently folded, 200+ 
m (656+ ft) sequence of Paleozoic and Mesozoic sedi-
mentary rocks that form the imbricated frontal edge of 
the 97 to 77 Ma Sapphire Thrust Plate (fig. 1) (Hynd-
man and others, 1975; Schmidt and others, 1994). 
The thrust plate formed concurrent with the Boulder 
Batholith–EMVF magma system. Fold-thrust belt 
deformation and batholith emplacement tilted Paleo-
zoic–Mesozoic sedimentary and volcanic rocks about 
5°–30° westward. The roof of the batholith is inclined 
about 10° to the northwest and forms sill-like lenses 
locally (Robertson, 1956). 

Northeast-striking, high-angle, normal faults ex-
hibit a component of right-lateral slip. These faults off-
set the contact between the Boulder Batholith and the 
EMVF by at least 1.6 km (5,249 ft) (Robertson, 1956). 
The Dog Creek Fault (see map) is a high-angle nor-
mal fault that has down to the southeast displacement 
of approximately130 m (426 ft) (Schmidt and others, 
1994). The fault formed during a regional interval 
of magmatic inactivity between about 74 Ma and 53 
Ma (Schmidt and others, 1994; ages from Olson and 
others, 2016; Dudas and others, 2010) and represents 
the southern boundary of the Sapphire Thrust Plate 
(fig. 1). The Monarch Fault Zone changes dip polarity 
along its strike (see map), is likely part of a broader 
shear zone, and exhibits about 160 m (525 ft) of down 
to the northwest net displacement. A 37 Ma rhyolite 
tuff (Trt) (figs. 3A, 3B) is banked into a footwall block 
in the fault zone north of the Monarch Mine (see map). 
These relationships suggest that the rhyolite tuff (Trt) 

accumulated in Tertiary extensional basins that formed 
prior to regional Miocene Basin and Range style block 
faulting (e.g., Reynolds, 1979). The rhyolite tuff (Trt) 
is offset by multiple small faults throughout the quad-
rangle, which is consistent with regional extension 
since about 37 Ma.

Northwest-trending lineaments are a conspicuous 
feature of the drainage pattern in the Bison Mountain 
7.5’ quadrangle, yet northwest-striking faults are ob-
served only in underground mine workings where they 
are high-angle and display minor left-lateral displace-
ment (Robertson, 1956). The quadrangle lies within a 
broad region of Quaternary seismicity characterized 
by north-striking block faults (Stickney and others, 
2000) and NE–SW-directed extension (Stickney, 
2015). 

ECONOMIC 
GEOLOGY

The Elliston mining district overlaps the eastern 
half of the quadrangle (fig. 2 on map). Base metals 
occur in quartz lodes that occupy east-trending, high-
angle fault systems (Robertson, 1956). Similar vein 
systems cut the Boulder Batholith–EMVF magma 
system throughout the region (Ruppel, 1963). Between 
1894 and 1973, mines in the quadrangle produced 
nearly 15 million dollars (value in 2017) worth of Au, 
Ag, Cu, Pb, and Zn (table 2). Quartz veins are typical-
ly 1.5 m (5 ft) wide in the late Cretaceous granite (Kg) 
and transition to narrow stringers as they cut higher 
into EMVF rocks (Robertson, 1956). Exploration 
geologists mapped older mine workings in the Bison 
Mountain quadrangle as recently as the late 1980s (fig. 
4).

Amygdaloidal zones (Keml) follow high-angle 
quartz veins and N30°W, 10°–20°SW-dipping auto-
brecciated flow margins in basaltic andesite–andesite 
lavas (Keml). Amygdaloidal lavas (fig. 4B on map) 
are associated with precious and base metal ore depos-
its in the Emery mining district, located about 8 km 
(5 mi) west of the quadrangle (fig. 1 on map). In the 
Emery district, Au, Ag, Pb, Zn, As, and Sb occur with 
sulfide minerals in calcite and quartz gangue (Rob-
ertson, 1953). Coarse andesitic breccia deposits (Kat) 
(fig. 4A on map) formed near a middle member EMVF 
vent, and are cut by mineral veins at Negro Mountain 
(Robertson, 1956). 
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KCS-16-46 (unit: Kdi)

KCS-16-36 (unit: Trt)

KCS-16-30 (unit: Trt)

Figure 3. 40Ar-39Ar age spectra for samples collected in the Bison Mountain 7.5′ quadrangle. 
39Ar gas was extracted by bulk laser heating and analyzed over a series of incremental 
heating experiments using an ARGUS-VI-D at Oregon State University.  The ages are 
thought to record the timing of volcanic eruptions.     

A

C

B

hornblende

sanidine

sanidine

37.43 +/- 0.05 Ma

37.42 +/- 0.05 Ma

81.77 +/- 0.12 Ma
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Figure 4. Map of the Kimball Mine workings northwest of the junction of Ontario Creek with 
the Little Blackfoot River. Mapped by Bruce Cox, Earthworks, Inc.
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