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SYMBOLS

Contact: dashed where approximately located.

Fault: bar and ball on downthrown side; dashed where inferred; 
dotted where concealed.

Fold axis: arrow indicates direction of plunge.

Anticline.

Syncline.

Strike and dip of volcanic unit.

Estimated strike and dip of volcanic unit.

Source vent for volcanic unit.

Headwall scarp of landslide.

Gravel pit or rock quarry that exposes a map unit.

Sample location and number.
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CORRELATION OF MAP UNITS
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INTRODUCTION

The geologic map of the McHan Reservoir quadrangle identifies rock units 
exposed at the surface or underlying thin surficial cover of soil and collu-
vium. Thicker surficial deposits are also shown where they mask or modify 
the underlying rock units or form significant mappable units. The map is the 
result of field work conducted in 2007 to 2009 by the authors. Mapping by 
previous workers, noted below, was field checked and incorporated where 
appropriate. Soils information is from Case (1981) and Johnson (2002). 
Major oxide and trace element analyses of samples in the quadrangle were 
done at Washington State University's GeoAnalytical Laboratory in 
Pullman, Washington; analytical results are listed in Table 1.

Previous work in the area includes that of Malde and others (1963), Smith 
(1966), Worl and others (1991), Oakley (2006), Kauffman and Othberg 
(2008a), and Othberg and Kauffman (2009). Malde and others conducted 
regional reconnaissance mapping and established a regional stratigraphy. 
Smith mapped part of the eastern Mount Bennett Hills, which includes the 
quadrangle. Worl and others mapped and compiled the geology of the 
Hailey 1x 2quadrangle, which also includes the quadrangle. To the south-
west, Oakley mapped the Davis Mountain quadrangle, which has some of 
the same map units that occur in the this quadrangle. Othberg and Kauff-
man mapped the adjacent Spring Creek Reservoir quadrangle to the north 
and Kauffman and Othberg mapped the Macon quadrangle to the north-
east.

The quadrangle is in the Mt. Bennett Hills just south of the Camas Prairie, 
an extensional graben that is probably related to formation of the Snake 
River Plain (Kirkham, 1931; Cluer and Cluer, 1986). Tertiary granite and 
Eocene Challis Volcanics dacitic rocks occur in the northwest corner of the 
map and underlie Miocene volcanic and sedimentary rock units, which 
cover most of the quadrangle. The volcanic rocks consist of rhyolite tuff, 
basalt, and andesite; sedimentary sand and gravel units are locally 
interbedded with the volcanic rocks. Northwest- and west-trending faults in 
the northern half of the quadrangle have mostly down-to-the-north 
displacement and form southerly dipping fault-blocks related to develop-
ment of the Camas Prairie graben. West-trending faults in the south part of 
the map have down-to-the-south displacement and are likely related to 
development of the Snake River Plain. Quaternary basalt erupted from a 
vent in the east-central part of the quadrangle and flowed south down the 
Schooler Creek drainage. Quaternary surficial deposits consist of alluvium 
in a few stream valleys, colluvium on side slopes, and landslide deposits 
commonly related to the Miocene sedimentary units.

DESCRIPTION OF MAP UNITS

ARTIFICIAL DEPOSITS

Made ground (Holocene)—Artificial fills composed of excavated, transported, 
and emplaced construction materials typically derived locally. Primarily 
reservoir dam fills.

SEDIMENTARY AND
MASS MOVEMENT DEPOSITS

Alluvial Deposits

Alluvium of side streams (Holocene and Pleistocene)—Moderate- to well-
sorted stratified silty sand, coarse sand, and pebbly sand. Includes pebble-
cobble gravel in stream channels, and surface clay 0.6-1.5 m (2-5 feet) thick 
in flat, poorly drained areas. Gravel clasts include subangular to 
subrounded tuff and basalt from local sources, and rounded granitic clasts 
reworked from Tertiary gravel. Thickness 1.5-10 m (5-30 feet), but well logs 
in Thorn Creek valley (Gwin Spring Ranch) indicate 42 m (137 feet) of clay, 
sand, and gravel. This thicker valley fill formed after basalt of Schooler 
Creek restricted the drainage.

Alluvial-fan deposits (Holocene and Pleistocene)—Moderate- to well-sorted, 
crudely bedded, sand and pebble to boulder gravel. 

Gravel of Hash Spring (Miocene)—Mostly unconsolidated silt, sand, and gravel 
irregularly overlying Gwin Spring tuff and unconformably overlain by 
McHan basalt. Thickens and thins, possibly on irregular surface of the tuff 
and also possibly partly eroded prior to emplacement of the basalt. 
Maximum thickness is about 60 m (200 feet). Gravels are subangular to well 
rounded and include Challis Volcanics, granitic, Gwin Spring tuff, and Paleo-
zoic sedimentary rock clasts in a sand and silt matrix. Deposits are typically 
poorly to moderately sorted. Many of the mapped landslides originate in 
these deposits or the Pole Corral gravels described below. Equivalent to Hash 
Spring Formation of Smith (1966). In upper Black Creek Canyon and Burnt 
Willow Canyon, may include reworked sediments younger than the City of 
Rocks tuff eroded from nearby Hash Spring gravel deposits.

Gravel of Pole Corral (Miocene)—Mostly unconsolidated, poorly sorted, 
angular to subrounded pebbles and cobbles in a mostly coarse granitic 
sand matrix. Underlies the tuff of Gwin Spring in the northeast and 
central part of the quadrangle; base and underlying units are not 
exposed. Pebble to cobble clasts are composed mostly of granitic rock 
and subordinate Challis Volcanics fragments. Equivalent to Pole Corral 
gravel of Smith (1966).

Mass Movement Deposits

Landslide deposits (Holocene and Pleistocene)—Poorly sorted and poorly 
stratified angular basalt cobbles and boulders mixed with silt and clay. 
Deposited by slumps, slides, and debris flows. Map may also show the 
landslide scarp and the headwall (steep area adjacent to and below the 
landslide scarp) from which material broke away (see Symbols).

Colluvium (Holocene and Pleistocene)—Primarily unsorted and unstratified 
silty to clayey sand and sandy pebble gravel; cobbles and boulders 
common in Thorn Creek valley where unit includes talus. Forms foot slopes 
of steep escarpments mostly stabilized by vegetation. Deposited by sheet 
wash, creep, and rock fall.

VOLCANIC ROCKS

Basalt of Schooler Creek (Pleistocene)—Fine-grained, dark gray, vesicular to 
diktytaxitic basalt with a microfelty texture of small placioclase crystals and 
scattered to abundant fresh olivine grains <1-4 mm. Remanent magnetic 
polarity normal, as determined in the field. Shallow circular depression 
near the junction of Highway 46 and Thorn Creek Reservoir Road is likely 
the source. Flowed south down Schooler Creek drainage and extends well 
beyond the south edge of the quadrangle. Stream drainage is moderately 
well developed. Remnants of pressure ridges and variations in soil charac-
teristics form a pattern of mounds visible on air photos. The mounds are 
composed of silty clay 1.2-1.8 m (4-6 feet) thick that buries a well-
developed soil caliche (duripan). Between mounds, the basalt is at or near 
of the surface.

Andesite of Square Mountain (Pliocene)—Fine-grained andesitic unit with 
abundant plagioclase phenocrysts and common quartz and plagioclase 
xenocrysts. Dark gray to black glassy groundmass in upper part of unit; 
greenish gray groundmass in platy zones. Remanent magnetic polarity 
inconclusive, but probably reverse; both normal and reverse readings were 
obtained in the field. Occurs along the east edge of the quadrangle where 
it overlies McHan basalt, Hash Spring sedments, rhyolite-dacite unit, or 
City of Rocks tuff. Probably flowed into the area from the northeast onto an 
eroded surface. Samples plot in the upper part of the andesite field on the 
total alkali-silica diagram of Le Maitre (1984). Equivalent to the Square 
Mountain ferrolatite of Honjo (1986) and Honjo and Leeman (1987), the 

Square Mountain basalt of Schmidt (1961), and the ferrolatite of Square 
Mountain of Worl and others (1991). To the east in the Magic Reservoir 
West quadrangle, the Square Mountain andesite rests unconformably on 
the tuff of Poison Creek, for which we recently obtained an 40Ar/39Ar age of 
4.84 ± 0.36 Ma (David Foster, University of Florida, written commun., 
2009). Forms fault-block ridge and valley topography on which soils are 
thin to absent. In the southeast corner of the map, a distinctive patterned 
ground characterizes the unit’s gently sloping surface. The pattern of 
circular to elongate mounds of silty clay separated by gravelly zones is 
readily visible on air photos and Google Earth imagery. The features are 
identical to those described by Malde (1964), and are remnants of frost 
sorting and solifluction processes active in the Pleistocene.

Rhyolite and dacite of eastern Mount Bennett Hills (Pliocene or late 
Miocene)—Phenocryst-, xenocryst-, and locally xenolith-rich rhyolite to 
dacite lavas(?). Groundmass is light tan-gray in platy, interior part of flow to 
dark gray to black and vitrophyric at the top and possibly in zones within 
the interior and at the base. Small pyroxene grains are scarce to common. 
Many of the plagioclase xenocrysts are embayed and quartz xenocrysts are 
typically resorbed and rounded. Vesicular zones may be flow tops. Spheru-
lites ranging from several millimeters to several centimeters are common, 
especially in the top part of flows, and typically are more resistant to weath-
ering than surrounding rock and form rough, knobby rock surfaces. Occurs 
in upper Thorn Creek canyon at the east margin of the quadrangle, but 
extends east to Magic Reservoir. Included in the Moonstone rhyolite by 
Schmidt (1961) and Leeman (1982). Equivalent to rhyolite of Magic Reser-
voir (Tmr unit) of Honjo (1986) and quartz latite of Magic Reservoir (Tmq 
unit) of Worl and others (1991). Samples plot near the dacite-rhyolite 
boundary of total alkali versus silica classification (Le Maitre, 1984). Honjo 
(1986) reports a K-Ar age of 4.2 Ma for the Tmr unit. Struhsacker and others 
(1982) report a K-Ar age of about 5.8 Ma for their “older rhyolite”at the 
north end of Magic Reservoir, which we believe is equivalent to the Trd 
unit. Kauffman and Othberg (2008b) report a low confidence 40Ar/39Ar age 
of about 4.22 Ma. As noted in the Square Mountain andesite description 
above, Trd is overlain by the 4.84 Ma tuff of Poison Creek. Therefore, we 
believe the 5.8 Ma age for Trd is the more reasonable. 

Basalt of Black Canyon Creek (Miocene)—Moderately to abundantly 
plagioclase-phyric basalt. Caps Gwin Spring tuff in the upper part of Black 
Canyon Creek and City of Rocks tuff in the lower part. Characterized by 
high TiO2 (>3.0 wt. %) and P2O5 (�0.7 wt. %). Remanent magnetic polarity 
is probably reverse, although both normal, reverse, and inconsistent 
readings were obtained in the field. Thickness varies from less than 10 m 
(30 feet) to at least 30 m (100 feet) at the west edge of the quadrangle where 
it likely fills a channel eroded in the City of Rocks tuff. Extends south and 
west beyond the quadrangle boundary. Forms the capping unit above City 
of Rocks tuff along lower Black Canyon Creek and west of lower Burnt 
Willow Canyon. Age uncertain but younger than Tbuv unit and probably 
younger than Tbw unit. Previously mapped by Smith (1966) as part of Burnt 
Willow basalt. Stream drainage is moderately well developed. Clay-rich 
cobbly soils bury a well-developed soil caliche (duripan) formed on basalt. 
Variations in soil characteristics form a pattern of mounds visible on air 
photos, but the patterned ground is less well developed compared to that 
formed on Tsma.

Basalt of Burnt Willow Canyon (Miocene)—Moderately to abundantly 
olivine-phyric basalt. Olivine is typically altered to amber or maroon and 
commonly occurs as irregular 3-8 mm clots. Physically and chemically 
distinct (Table 1) from plagioclase-rich basalt of unnamed vent (Tbuv) and 
Black Canyon Creek basalt (Tbcc). Characterized by low TiO2 (~1.2 wt. %), 
FeO* (~10 wt. %), and P2O5 (<0.13 wt. %), and high MgO (>8.5 wt. %), 
CaO (>12.5 wt. %), and Cr (~500 ppm). Remanent magnetic polarity is 
reverse, as determined in the field; samples checked gave consistent 
moderate to strong reverse polarity readings. Source uncertain, but may 
have erupted along an east-west-trending fault west of Schooler Creek. 
Caps McHan basalt and City of Rocks tuff. Thickness varies but typically 
less than 15 m (50 feet). Thickens and thins locally on City of Rocks tuff, 
where it forms rim rock from Schooler Creek to Burnt Willow Canyon. Age 
uncertain but probably younger than Tbuv unit. Previously included in 
Burnt Willow basalt by Smith (1966). Stream drainage is moderately well 
developed. Clay-rich cobbly soils bury a well-developed soil caliche 
(duripan) formed on basalt. Variations in soil characteristics form a pattern 
of mounds visible on air photos, but the patterned ground is less well devel-
oped compared to that formed on Tsma.

Basalt of unnamed vent (Miocene)——Moderately to abundantly plagioclase-
phyric basalt. Similar in appearance to Black Canyon Creek basalt and 
McHan basalt, but chemically distinct (Table 1). Characterized by high 
FeO* (~18 wt %) and low SiO2 (~45 wt %). Remanent magnetic polarity is 
probably reverse, although many polarity tests were inconclusive in the 
field. Strongly magnetic and commonly deflects a compass needle. 
Overlies City of Rocks tuff, Hash Spring sediments, or Gwin Spring tuff 
north of Burnt Willow Canyon. Source is an unnamed vent in secs. 7 and 8, 
T. 3 S., R. 15 E. Previously included in Burnt Willow basalt by Smith (1966).

Tuff of City of Rocks (Miocene)—Pinkish gray to brownish gray crystal-rich 
rhyolite tuff, typically with black vitrophyre at base and top. Remanent 
magnetic polarity normal, as determined in the field. Oakley (2006) also 
reports normal polarity. Base exposed in Thorn Creek canyon, where the 
basal vitrophyre overlies McHan basalt (Tmh) and Hash Spring gravel 
(Thsg), and in Burnt Willow Canyon, where a columnar basal vitrophyre 
overlies sediments (possibly equivalent to Hash Spring gravel). Platy 
subhorizontal flow foliation is typically several millimeters to several 
centimeters thick, although some massive zones are present. Isoclinal 
folding of the foliation occurs locally. Forms eroded, channeled cliffs and 
pillars that form the City of Rocks and Little City of Rocks north of Gooding. 
Abruptly thins and mostly terminates against the Thorn Creek fault, 
although thin remnants occur at a few locations north of the fault. Offset of 
the underlying McHan basalt in Thorn Creek is about 106 m (350 feet), 
down to the south. Honjo and others (1986) report a K-Ar age of 9.15 ± 
0.13 Ma. Equivalent to City of Rocks tuff of Smith (1966) and Oakley’s 
(2006) tuff of City of Rocks. Forms eroded and dissected irregular topogra-

phy with common hoodoo cliffs and blocky slopes. Soils are generally thin 
to absent.

Basalt of McHan (Miocene)—Medium gray, fine- to medium-grained nearly 
aphyric to plagioclase-phyric basalt. Consists of one to three flows. Plagio-
clase phenocrysts in the more phyric flows (or parts of a flow) range from 
2-7 mm in length for individual crystals and 5-10 mm for glomerocrysts. 
Olivine is uncommon and typically <1 mm. Remanent magentic polarity is 
probably reverse, although both normal, reverse, inconclusive, or inclina-
tion sensitive readings were obtained in the field. Thickness ranges from 
less than 15 m (50 feet) to as much as 30 m (100 feet). Unconformably 
overlies Hash Spring sediments or Gwin Spring tuff where the sediments are 
absent. Underlies a thin vitrophyre cap of City of Rocks tuff north of the 
Thorn Creek fault and underlies City of Rocks tuff basal vitrophyre south of 
the fault. Equivalent to McHan basalt of Smith (1966). Pinches out to the 
south and west. In the Davis Mountain quadrangle to the southwest, 
Oakley (2006) mapped “basalt of McHan” as equivalent to Smith’s McHan 
basalt; however the chemical composition of samples we collected near 
McHan Reservoir (for which Smith named the unit) are somewhat different 
than that reported by Oakley. We were unable to trace the basalt farther 
west than McKinney Creek, also indicating Oakley’s McHan basalt may be 
a separate unit. Honjo and others (1986) report a K-Ar age of 9.44 ± 0.11 
Ma. Forms the capping unit on much of the fault-block ridge and valley 
topography in the northeast part of the map.

Tuff of Gwin Spring (Miocene)—Light purplish or pinkish gray to tan crystal-
poor rhyolite tuff. Lithophysal cavities present at one or more horizons and 
platy partings common. Folded flow layering locally common. Underlies 
Hash Spring sediments or McHan basalt and overlies Pole Corral gravel in 
the northeast corner and central part of the map. In Thorn Creek canyon, it 
underlies Hash Spring sediments and directly overlies tuff of Thorn Creek. 
Oakley (2006) reports normal polarity for his tuff of Gwin Springs, although 
our tests produced both normal and reverse magnetometer readings in the 
field. Thickness varies from less than 15 m (50 feet) to as much as 100 m 
(300 feet) as the result of either original emplacement characteristics, depo-
sition on an irregular surface, erosion after deposition, or a combination 
these factors. Gray to black vitrophyre at top of unit is typically poorly 
exposed and commonly absent or eroded. According to Oakley (2006), age 
is bracketed by overlying 9.4 Ma McHan basalt and underlying 10.1 Ma tuff 
of Thorn Creek in the Davis Mountain quadrangle to the southwest. Equiva-
lent to Gwin Spring Formation of Smith (1966), who named it for a spring 
near the mouth of Thorn Creek canyon, although the exposures of the tuff 
are north of the spring; the spring actually issues from the base of the City 
of Rocks tuff. Chemical composition of our samples (Table 1) closely 
matches composition reported by Oakley (2006). As noted below in the tuff 
of Fir Grove description, the Gwin Spring tuff and Fir Grove tuff are nearly 
identical in appearance and separating the two is difficult without good 
stratigraphic marker units. Forms fault-block ridge and valley topography 
with common ledges and rubbly slopes  Soils are generally thin to absent.

Tuff of Thorn Creek (Miocene)—Pinkish gray, brownish gray to gray crystal-rich 
rhyolite tuff. In Thorn Creek, black vitrophyre at top of the unit directly 
underlies and appears to be conformable, or nearly so, with the Gwin 
Spring tuff. Thickness is at least 60 m (200 feet); base is not exposed. 
Equivalent to “lower welded tuff” of Smith (1966), rhyolite of Thorn Creek 
of Honjo (1990), and tuff of Thorn Creek of Oakley (2006). Indistinguish-
able in the field from tuff of Knob (Tk), as noted below for that unit.

Tuff of Knob (Miocene)—Pinkish gray, brownish gray to gray crystal-rich 
rhyolite tuff capped by black vitrophyre 3-6 m (10-20 feet) thick. Crops out 
along Gooding City of Rocks-Fir Grove Mountain Road where it overlies Fir 
Grove tuff (Tfg) and appears to be unconformably overlain by Gwin Spring 
tuff (Tgs). Indistinguishable in the field from tuff of Thorn Creek (Ttct). 
Equivalent to tuff of Knob of Oakley (2006), who suggested that Smith 
mistakenly mapped this unit as City of Rocks tuff. We concur with Oakley 
from both stratigraphic evidence and chemical composition that Smith was 
in error.

Oakley (2006) noted that the tuff of Thorn Creek and tuff of Knob are 
indistinguishable unless separated by a marker unit, as he had in the Davis 
Mountain quadrangle; he also noted slight chemical differences. Composi-
tions of samples from the units we map as tuff of Thorn Creek near Thorn 
Creek canyon and tuff of Knob near the west edge of the quadrangle are 
very similar and we have no stratigraphic marker to positively identify the 
unit present. We map the tuff of Knob on the basis of the unconformable 
contact with the overlying Gwin Spring tuff in the west part of the quad-
rangle as opposed to the apparent conformable contact of the Thorn Creek 
and Gwin Spring tuffs in Thorn Creek canyon.

Tuff of Fir Grove (Miocene)—Tan to brown crystal-poor rhyolite tuff. Lithoph-
ysal cavities present at one or more horizons, otherwise commonly platy 
weathering. Appearance in the field indistinguishable from tuff of Gwin 
Spring. Thickness not determined. Lies unconformably on Challis Volcanics 
(Tcv) and granitic rocks (Tg) in the northwest corner of the quadrangle. 
Equivalent to Fir Grove tuff of Smith (1966) and tuff of Fir Grove of Oakley 
(2006). Chemical composition of samples we collected (Table 1) is similar 
to that reported by Oakley (2006). The composition is also very similar to 
that reported for the Picabo tuff in the Magic Reservoir East quadrangle 
(Kauffman and Othberg, 2007). Oakley (2006) reports reverse magnetic 
polarity; however, we had normal, reverse, and inconclusive polarity 
readings in the field. Oakley (2006) reports an 40Ar/39Ar age from the Davis 
Mountain quadrangle of 11.17 ± 0.08 Ma. Although Smith (1966) mapped 
this unit as younger than the tuff of Gwin Spring, Oakley (2006) concluded 
from stratigraphic evidence that it was older. We concur with Oakley’s 
stratigraphy on the basis of the chemical composition and our present 
mapping, but contact relationship with the Gwin Spring tuff is locally 
ambiguous, as noted below. 

Separating the crystal-poor Fir Grove and Gwin Spring tuffs in the western 
part of the quadrangle is problematic. East of McKinney Creek the 
stratigraphic sequence is relatively consistent — McHan basalt over Hash 
Spring gravel over Gwin Spring tuff. However, the McHan basalt is absent 
west of McKinney Creek and the two tuffs, which are nearly identical in the 
field, are faulted and tilted, and most of the contacts are covered. It is 
difficult to determine which unit is present without detailed sampling, 
which is beyond the scope of this project. The contact we map between the 
Fir Grove and Gwin Spring  tuffs west of McKinney Creek is based on 
several analyzed samples, but additional detailed mapping and sampling is 
necessary to adequately define the contact of these two units, assuming 
they are in fact separable on the basis of composition. We have not system-
atically sampled vertically through either unit to determine whether 
compositions overlap. It is also possible that there are more than two crystal 
poor tuffs of similar composition, or that tuffs of one composition are 
separated by sediments, which could further complicate the stratigraphy. 
We suspect that the Fir Grove tuff was faulted, tilted, partly covered with 
sediment, and tuff and sediment were partly eroded prior to emplacement 
of the Gwin Spring tuff, which likely resulted in unconformable erosional, 
onlapping, or buttress contact relationships that are not readily apparent in 
the field. Post emplacement faulting of all units further complicates the 
stratigraphy. Forms fault-block ridge and valley topography with common 
ledges and rubbly slopes  Soils are generally thin to absent.

Challis Volcanics, undivided (Eocene)—Light gray, tan, green, or pale purplish 
gray hornblende dacite porphyry. Phenocrysts are mostly plagioclase and 
small hornblende laths, commonly with altered rims. Platy partings (flow 
foliation?) are common. Probably several facies, but insufficiently exposed 
in this area to be separated. Exposed along the northwest edge of the map 
where it unconformably overlies granite (Tg) and is unconformably overlain 
by Fir Grove tuff (Tfg). One small outcrop mapped in the NW¼, sec. 35, T. 
2 S., R. 15 E., is likely a large xenolith incorporated in the Gwin Spring tuff 
(Tgs).

INTRUSIVE ROCKS

Biotite granite (Eocene)—Light colored, pinkish-tan coarse-grained, 
equigranular to porphyritic biotite granite. Phenocrysts consist of equant 
dark quartz crystals 5-7 mm and tabular pale pink orthoclase crystals 10-20 
mm long. Biotite composes about 5 percent of the rock. Easily weathers and 
typically poorly exposed. Smith (1966) mapped this granite as Cretaceous, 
but Worl and others (1991) considered it Tertiary (Eocene). Quarried for 
road material at several locations.
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Table 1. Major oxide and trace element chemistry for representative samples of units collected in the McHan Reservoir quadrangle.

* Major elements are normalized on a volatile-free basis, with total Fe expressed as FeO.
All analyses performed at Washington State University GeoAnalytical Laboratory, Pullman, Washington.
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Disclaimer: This Digital Web Map is an informal report and may be 
revised and formally published at a later time. Its content and format 
may not conform to agency standards.


