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INTRODUCTION

 The Purgatory Saddle quadrangle is located in Adams County, Idaho. The boundary between the Hells Canyon 
Wilderness and Payette National Forest is within the quadrangle. A single forest service recreational road, the Black 
Lake Road, provides seasonal access to the central and southern portions of the quadrangle. The dominant peaks in 
the quadrangle, Monument Peak (8940 feet), Black Imp (7509 feet), Casey Mountain (8740 feet) and Jackley Mountain 
(8757 feet), are part of the southern Seven Devils Mountains and frequently visited by the general public for recreation. 
Rural communities to the southwest (Bear and Cuprum) are connected through National Forest Road 105 and Black 
Lake Road. The nearest cities are Council, Idaho, 40 miles to the south-east and Copperfield, Oregon, 30 miles to the 
south-west, which is connected by the Kleinschmidt Grade. Major copper and gold mining districts within the quadran-
gle  include the Creek, Black Lake, and Seven Devils districts. Mining activities in the area were active from ~1860 until 
~1950 (Simmons et al., 2007; White, 1968; Bookstorm et al., 1998), and numerous abandoned mines, pits, quarries and 
closed shafts are present throughout the area. The quadrangle contains ore deposits within the Wild Sheep Creek 
Formation and Hunsaker Creek Formation as mineralized shear zones, fissure veins, contact metamorphic and dissem-
inated deposits (Varley et al., 1919), suggesting multiple ore emplacement mechanisms. 
 This report and accompanying map summarize the basic geologic data of the area, which may provide insight 
into the timing and mechanics of mineralization in the area. Relationships between lower greenschist facies volcani-
clastic sequences, shear deformation, and plutonic complexes reported here may record pre-accretion orogenic events 
and, therefore, are an important key to deciphering the Mesozoic history of western North America.

GEOLOGIC SETTING

 The Purgatory Saddle quadrangle lies within the easternmost Blue Mountains Province, near the boundary of 
the accreted terranes (Silberling et al., 1987) to the cratonic North America. The pre-collisional Laurentian margin and 
the accreted arc terrane boundary currently lies in western Idaho (Armstrong et al. 1977). The oceanic arc terranes 
within the Blue Mountains Province: Wallowa, Izee, Olds Ferry, and Baker cross from Oregon to Idaho in a north-east 
trending belt, recording Late Paleozoic and Mesozoic sedimentation, deformation and magmatism (Vallier, 1977, 1995; 
Walker, 1986; Silberling et al., 1992). 
 This quadrangle contains Permian- Triassic sedimentation and subsequent Jurassic to Cretaceous metamor-
phism recorded in the Seven Devils Group, part of the Wallowa terrane, and Mesozoic magmatism. This is represented 
in two pulses: 1) pre-accretionary plutons (Triassic), and 2) post-accretionary plutons (Cretaceous). The Triassic series 
of plutons within the quadrangle intrude the Permian Hunsaker Creek Formation, part of the Seven Devils Group 
through the Oxbow-Cuprum shear zone representing some of the oldest deformation fabrics in the easternmost Blue 
Mountains. These plutons, trending predominantly northeast-southwest, are parallel to a major thrust fault within the 
Seven Devils Group. 

PREVIOUS INVESTIGATIONS

 The first documentation of the rocks in the Purgatory Saddle quadrangle were early mining reports by various 
mine inspectors for the state of Idaho, who wrote on the geology of the area and ore deposits. Livingston and Laney 
(1920) reported on some of the earliest copper ores mined and other mining activities in the southern Seven Devils 
region. Earliest delineation of the plutons in the quadrangle were geologically mapped by Ralph S. Cannon Jr. and 
colleagues, summarized in Hamilton (1963, p. 15-16) and Cook (1954).
 Hamilton (1963) produced the first geologic maps with significant interpretations of the tectonic history of the 
region. The Seven Devils volcanics were stratigraphically differentiated as the Seven Devils Group by Vallier (1967, 
1977) in the eastern Blue Mountains region. The Seven Devils Group hasn’t been differentiated in the quadrangle in 1: 
24,000 scale until this mapping project, but has been mapped at 1:125,000 scale by Lund (2004). The plutons that 
intrude the Seven Devils Mountains in the quadrangle were investigated by White (1968) in a PhD dissertation. The 
Oxbow- Cuprum shear zone was described by Vallier (1967, 1977, 1995) as a foliated and mylonitic zone in the Wallowa 
mafic gneiss basement rocks. The nearest published geologic quadrangle is the Lucile 7.5-minute quadrangle (Lewis 
et al., 2011) which shows the metamorphic rocks of the Salmon River suture zone, but does not describe the Seven 
Devils Group. Aliberti (1988) discussed the mafic complexes and metamorphic rocks of the Salmon River suture zone 
with major fault boundaries immediately east of the Purgatory Saddle quadrangle. A geologic transect map over the 
arc-continent boundary by Gray (2013) on the northern Seven Devils mountains, north of the quadrangle describes the 
structural fabrics in the differentiated Seven Devils Group in detail, which has been used as a proxy to compare the 
structural data collected in the field area.

Glacial deposits (Quaternary)—Glacial deposits contain mineral deposits that were mined for placer gold (Lund, 
2004) in the quadrangle. Multiple glacial cirques formed in the Holocene and Pleistocene and carved deep 
U-shaped valleys throughout the quadrangle. Glacial striations are present near the flanks of most of the cirques 
within metavolcaniclastic sequences. Glacial deposits were not mapped with enough detail to delineate distinct 
glacial cycles and are based on general field observations. Glacial deposits are dominated by detritus from 
plutons and located near the highest peaks. These high peaks are unvegetated and fresh, indicating possible 
deposits from recent small-scale glaciations and mass wasting. Boulders brought down through glaciers range 
approximately from 3 x 6 feet to 0.5 x 1 foot and can be found predominantly around the Six-Lake Basin, and 
Ruth Lake.

Landslide/ undifferentiated colluvium deposit (Quaternary)—Poorly sorted and non-stratified mass wasting 
deposits approximately range from 15 feet high to 30 feet wide boulders to silt and clay size deposits originating 
from northern slopes of Current Mountain and eastern slopes of Black Imp Mountain. Deposited by slumps, slides 
and debris flow, some more recent landslide scarps can be seen above the deposit near Black Lake and Curren 
Mountain. Most of the landslides in the quadrangle post-date glaciation and suggest that modern mass wasting 
events are possible. The undifferentiated colluvium deposit near the eastern cirque of Black Imp Mountain is 
poorly sorted and poorly stratified sub-rounded gravel deposit.

DESCRIPTION OF MAP UNITS

Alluvium (Quaternary)—Unconsolidated Holocene and Pleistocene deposits of sand, gravel, clay, and silt. Gravel 
bars with mixed sand and gravel from nearby plutons of 20 feet to 30 feet thicknesses can be seen along the 
Deep Creek. Paradise flat is covered mostly with black silts and clays originating from the metabasalt and 
metavolcaniclastics of nearby Seven Devils Group, distributed by the Paradise Creek. Due to thicknesses less 
than 50 feet, quaternary deposits are not displayed in the cross section.

Imnaha Basalt (Miocene)—Imnaha Basalt of the Columbia River Basalt Group is present mostly in the southeast 
corner of the Purgatory Saddle quadrangle approximately ~1400 feet thick and continues south, to the Butterfield 
Gulch quadrangle. The Imnaha Basalt is medium to coarsely porphyritic basalt flow with mostly olivine and 
plagioclase phenocrysts ranging from 1 mm to 19 mm in diameter. The basalt commonly weathers into a brown 
with reddish hue in the quadrangle, and is vesicular in texture due to the olivine phenocrysts eroding away, sphe-
roidal weathering in fractured basalts can be seen sparsely at places, weathering from dark gray to dark brown. 

Cretaceous Intrusive Suite (Early Cretaceous)—The Deep Creek pluton and the Echols Mountain pluton form the 
Cretaceous intrusive suite. These are the largest plutonic bodies in the Purgatory Saddle quadrangle and in the 
southern Seven Devils regions. Light gray to pink, these plutons are highly jointed, and are mainly quartz diorite 
in rock type with a generally equigranular texture. Essential minerals include potassium feldspar, quartz, 
plagioclase feldspar. Deep Creek pluton contains roof pendants of the Undifferentiated marble near the Richie 
Gulch area where a hornblende diorite intrusive body (mapped as Kdr; Diorite of Richie Gulch) can be found 
covering almost a square kilometer area.

INTRUSIVE SUITES
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Wild Sheep Creek Formation (Early- Middle Triassic)—The Wild Sheep Creek Formation conformably overlies the 
Hunsaker Creek Formation in the Purgatory Saddle quadrangle. Named and described by Vallier (1977), the Wild 
Sheep Creek Formation is exposed along the Snake River Canyon near Saddle, Cherry, Bull, and Wild Sheep 
Creeks. The Wild Sheep Creek Formation is inferred to be ~680 meters (2,500 feet) in the quadrangle based on 
cross section construction. Dark green to gray-green on fresh surfaces, the Wild Sheep Creek Formation is 
porphyritic plagioclase-rich greenstone facies basalt dominated with almost no quartz porphyry, basaltic andesite, 
and volcaniclastics dominated with limestone clasts. Clasts in the volcaniclastic facies are mostly sedimentary 
including, but not limited, to limestone, siltstone, and argillite. Apart from clasts, lenses of marble and limestone 
are present in the Wild Sheep Creek Formation. Weathering moderate brown and greenish black on rugged 
outcrops, the Wild Sheep Creek Formation is best exposed on the Black Lake Road outcrops near the base and 
summit of Smith Mountain.

Hunsaker Creek Formation (Early Permian)—The Lower Permian Hunsaker Creek Formation is the oldest strati-
graphic unit exposed in the quadrangle. The Hunsaker Creek Formation was named and described by Vallier 
(1977) for exposures along the Hunsaker Creek, a tributary in the Snake River Canyon near Oxbow, Oregon and 
Homestead, Idaho. Hunsaker Creek Formation consists of siliceous greenstone facies metavolcaniclastics (pyro-
clastic breccia and conglomerate), with quartz clasts, gradational brecciated to medium grained tuff, and metaba-
salt flows with quartz porphyries. Clasts contained in the volcaniclastic rocks are basalt, some plutonic clasts and 
mostly sedimentary. Brachiopod faunas reported in the Hunsaker Creek Formation constrain an Early Permian 
age (Vallier, 1977). Near Hunsaker Creek the unit is ~2500 meters to ~780 meters thick. The estimated thickness 
of the Hunsaker Creek Formation in the Purgatory Saddle quadrangle is ~2200 meters (~7500 feet) is inferred 
from cross section construction. Hunsaker Creek Formation in the central portion of the map occurs in a north-
east-southwest trend as a strongly to weakly foliated mylonite, greenstone to greenstone schist and polymictic 
metavolcaniclastics as described by White (1968) to be a part of the Oxbow-Cuprum shear zone. 

Triassic Felsic Intrusive Suite (Late Triassic)—The Late Triassic felsic intrusive suite includes the Crystal Lake 
pluton, Pactolian pluton, Big Lake pluton, and Ruth Lake pluton. These plutons approximately range from 8,000 
feet to 13,700 feet in length and about 1,600 feet to 4,000 feet width trending northeast-southwest. Crystal Lake 
pluton is the only instrusive to share contacts with the mylonites of the Oxbow-Cuprum shear zone, the others 
share sharp contacts with the metavolcaniclastic rocks of the Hunsaker Creek Formation. These plutons are gran-
itoids, light pink to gray with gradational contacts with the intermediate intrusive suite. Fracturing is prevalent at 
the contacts with the Seven Devils Group. 

Triassic Intermediate Intrusive Suite (Early Triassic ?)—The intermediate intrusive suite includes the Black Lake 
pluton, White Mountain pluton, Purgatory pluton, Satan Lake pluton, and Horse Pasture pluton. These plutons 
approximately range from 1000 feet to 4000 feet in width and 4700 feet to 16,000 feet in length trending north-
east-southwest. Dark gray to greenish black in hand samples, these plutons range from fine to coarse grained 
quartz bearing gabbros and diorites with dominant hornblende and biotite which occur in all plutons without any 
specific patterns. The only shear based deformation foliation in the plutons are found at the contact of the plutons 
with the Seven Devils Group or other plutons around it due to possible localized emplacement stresses. Intrusions 
of the compositionally differentiated mylonites (part of Oxbow-Cuprum shear zone) can be found around sharp 
boundaries of the Purgatory pluton, Horse Pasture pluton, Satan Lake pluton, and White Mountain pluton.

Undifferentiated marble (Late Triassic)—Undifferentiated marble consists of gray to dark gray marbles, limestones, 
and skarn deposits. Limestone lenses and pods are present in the metavolcaniclastics of Wild Sheep Creek 
Formation throughout the Purgatory Saddle quadrangle, limestone deposits occur in the Doyle Creek Formation, 
and Martin Bridge Formation limestones are found throughout the Seven Devils region (Lund, 2004). Although, 
the only mappable deposits of marble are present in the Deep Creek pluton as roof pendants alongside roof 
pendants of the Wild Sheep Creek Formation. It is inferred that the marble deposits in the Deep Creek plutons 
most likely belong to the Wild Sheep Creek Formation.

Doyle Creek Formation (Late Triassic)—Doyle Creek Formation occurs in the westernmost portion of the quadran-
gle. Typically, the Doyle Creek Formation consists of green to red weathered metabasalts, volcaniclastics with 
increasing clastic fragments in the conglomerates throughout the Seven Devils region. It occurs in the quadrangle 
as green and red argillites, mudstones, and siltstones possibly correlative to the Kurry Creek Member best 
exposed near Pittsburg Landing, western Idaho (Lund, 2004).

WALLOWA TERRANE

Oxbow- Cuprum shear zone (OCSZ)—Hunsaker Creek Formation in the central portion of the map occurs in a north-
east-southwest trend as a strongly to weakly foliated mylonite, greenstone to greenstone schist and polymictic 
metavolcaniclastics as described by White (1968) to be a part of the OCSZ. 
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STRUCTURAL GEOLOGY
 The structural features in the quadrangle originate, in part, from Permian-Triassic active margin deformation, post-Triassic 
accretion of the terranes to Laurentia, and Cenozoic extension. The features are depicted in the map and A-A’ and B-B’ cross 
sections. The cross sections have not been restored or balanced due to the ductile nature of the rocks present, and are therefore 
depicted as a straight forward interpretation of the structural features in the Purgatory Saddle quadrangle.

PLUTONS

 Mesozoic plutons ranging from Early Cretaceous to Early Triassic in the Purgatory Saddle quadrangle intrude the mylonitic 
Oxbow-Cuprum shear zone, metavolcaniclastics, and metabasalts of the Seven Devils Group. The plutons have been named and 
categorized in accordance to White (1968) into mafic-intermediate suite and granitic suite. These plutons range from 5,200 feet to 
13,200 feet in length and about 1,900 feet to 4,000 feet width. The formal intrusive plutons of the granitic suite include the Deep 
Creek pluton, Echols Mountain pluton, Crystal Lake pluton, Pactolian pluton, Big Lake pluton, and Ruth Lake pluton. The intrusive 
plutons of mafic-intermediate suite includes the Black Lake pluton, White Mountain pluton, Purgatory pluton, Satan Lake pluton, 
and Horse Pasture pluton. The Deep Creek and Echols Mountain plutons are Early Cretaceous in age (Jeffcoat et al., 2013), while 
elongate, closely spaced, northeast-southwest trending plutons that intrude the mylonitic Oxbow-Cuprum shear zone have been 
inferred to range in age from Permian to Jurassic in age. U-Pb zircon ages from the Ruth Lake pluton (described below) indicates 
Triassic age for quartz diorite to diorite plutons in the central portion of the map. The Early Cretaceous plutons intrude the White 
Mountain pluton and the Oxbow-Cuprum shear zone. Most of the plutons lack deformation fabrics other than around the contacts 
of these plutons where some look shattered and contain slickens indicating post-emplacement deformation and faulting.

Black Lake pluton—Western Black Lake contains exposures of this diorite pluton in contact with dark gray to dark green metavolcani-
clastic strata containing mafic and felsic clasts of the Hunsaker Creek Formation. The Black Lake pluton is principally diorite and 
quartz rich hornblende metagabbro. Best exposures of the Black Lake pluton are at eastern slopes of Pyramid Peak accessible by 
the old mining trails that split from the Six Lake Basin trail, and outcrops immediately west of Black Lake. The Black Lake pluton is 
approximately 4,200 feet long and 1,000 feet to 1,500 feet wide, and has a northeast-southwest elongated shape. Black Lake 
pluton contains coarse and fine grained rocks (White, 1968) and outcrops on top of Pyramid Peak show, where coarser plutonic 
rocks intruding the finer grained varieties of the pluton. Slip surfaces (slickensides) with serpentinite and epidote along the bound-
ary between fine and coarse grained rocks are observed throughout the Black Lake pluton, suggesting internal deformation. A 
shear with cross fractures can be seen at the boundary of Black Lake pluton with the Hunsaker Creek Formation, with slickens at 
some outcrops. This shearing disappears after approximately 4 feet from the contact suggesting possible emplacement fracturing 
of the pluton while intruding the Permian volcaniclastic units.

White Mountain pluton—Approximately 16,000 feet long and 3,000 feet to 4,000 feet wide, the White Mountain pluton, on the eastern 
side is in contact with mylonitic Hunsaker Creek Formation, part of the Oxbow-Cuprum shear zone and on the western side with 
the felsic, Big Lake pluton. This pluton starts from the Emerald Lake in the north and ends at Deep Creek in the southern part of the 
quadrangle. The White Mountain pluton is mostly diorite in composition but some parts contain quartz diorite pods. The best expo-
sures of the White Mountain pluton are along the Six Lake Basin trail near Joe’s Gap and the slopes of White Mountain. Mylonitic 
xenoliths along the boundary of the pluton can be seen near start of Horse Pasture trail (SE¼, sec. 4, T. 21 N., R. 2 W.) on the Six 
Lake Basin trail, suggesting the Oxbow-Cuprum shear zone pre-dates the intrusive White Mountain pluton with no deformation 
fabrics in the dioritic pluton. Greenish-gray igneous inclusions with fine matrix and mafic pods ranging 1 cm to 3 cm diameters can 
be seen in the saddle of Joe’s Gap, middle of the pluton (Center, sec. 4, T. 21 N., R. 2 W.) along the Six Lake Basin trail. Epidote 
and serpentinite veins are common near the western boundary of White Mountain pluton with the felsic Big Lake pluton. Field based 
observations show a roof pendant of unsheared Wild Sheep Creek Formation, mapped by White (1968) as undifferentiated Seven 
Devils Group in the pluton, on a saddle north of Joe’s Gap (SE¼, sec. 33, T. 22 N., R. 2 W.).

Purgatory pluton—The Purgatory pluton is approximately ~4,700 feet long and ~1,250 feet wide in a northeast and southwest trending 
orientation. This pluton is best exposed at Purgatory Saddle along the Six Lake Basin trail and the ridge northeast of the Purgatory 
Saddle along the Emerald Lake trail. The Purgatory pluton is bound to the east by the sheared mylonite of Oxbow-Cuprum shear 
zone and to the east by metabasalts and quartz bearing metavolcaniclastics of the Hunsaker Creek Formation. The Purgatory 
pluton is quartz-bearing hornblende augite diorite and metagabbro. No shear fabric in Purgatory pluton has been observed other 
than along the boundary of the pluton with both mylonite of the Oxbow-Cuprum shear zone and the unsheared Hunsaker Creek 
Formation, which possibly is emplacement shear shown by almost east west trending fabrics. White (1968) reported crude horn-
blende banding restricted to exposures on the ridge northeast of the Purgatory Saddle. Inclusions of mylonite ranging up to 2 feet 
along the contact of the pluton and the Oxbow-Cuprum shear zone are present in the Purgatory pluton suggesting post-shear intru-
sion. Secondary fabrics and epidote surfaces along slickens (White, 1968) in the plutons between fine and coarse grained diorites 
suggest possibly multiple smaller pulses of plutonism in similar orientation to the deformation fabric in the Oxbow-Cuprum shear 
zone, most likely due to the plugs of finer and coarser grained diorites rising through the minimal stress zone of the mylonitic 
Oxbow-Cuprum shear zone.   

Satan Lake pluton—The Satan Lake pluton is intruded by younger Crystal Lake pluton and separated into three distinct parts (White, 
1968), two distinct parts in the northern and one in the southern portion of Crystal Lake pluton. Approximately, 6,800 feet in length 
and thickness varying from 500-1,000 feet in the southern lobe, this pluton is 3,700 long and 700-1,000 feet wide in the northern 
lobes. Best exposed on southern slopes of Middle Mountain and near Satan Lake, the contact between sheared metabasalts of 
Hunsaker Creek Formation and the Satan Lake pluton is sharp. The pluton is extremely fractured in the southern saddle of the 
Middle Mountain and outcrops as almost black with epidote veins. The northward swinging contacts at Satan Lake, creating zone 
contact foliation in the pluton with the scattered mylonitic zone inclusion in the pluton (White, 1968), suggests an intrusive origin. 
The Satan Lake pluton is composed of mostly quartz-bearing diorites and gabbros with some metadiorites near Satan Lake.  Quartz 
diorite injections from the Crystal Lake pluton can be seen near the contact of Satan Lake pluton with the Oxbow-Cuprum shear 
zone. The contact of the Satan Lake pluton is poorly exposed due the shattered nature of the Satan Lake pluton.

Horse Pasture pluton—Horse Pasture pluton is approximately ~13,200 feet long and ~3,500 feet in the southern and ~1,000 feet wide 
in the northern portion of the pluton. This pluton is best exposed on the northeastern slopes of Pyramid Peak near the cirque of 
Black Lake and on the southwestern slopes of the Pyramid Peak in the Horse Pasture Basin. The Cretaceous quartz diorite Deep 
Creek pluton intrudes the southern portion of the Horse Pasture pluton (SE¼, sec. 9, T. 21 N., R. 2 W.) near the Deep Creek valley. 
The Horse Pasture pluton is heterogeneous diorite and quartz diorite in composition. Coarser rocks are inferred to intrude and the 
finer equivalence in the plutons and suggested coarser intruding the finer, which is identical to field observations along the expo-
sures in the Black Lake cirque in northeastern slopes of the Pyramid Peak (White, 1968). The best exposure of the ~2,400 feet of 
contact between Deep Creek pluton and the Horse Pasture pluton is along F.S. Trail 173. Inclusions of diorite from the Horse 
Pasture pluton  are present around the contact of the quartz diorite of Deep Creek along with serpentinite veins, suggesting 
emplacement of Horse Pasture pluton pre-Cretaceous. Contact with the Hunsaker Creek Formation is mostly sharp throughout the 
pluton except where the pluton is in contact with the mylonitic Oxbow-Cuprum shear zone in the northwesternmost boundary of the 
Horse Pasture pluton, where epidote veins and highly eroded diorite were commonly observed.

Crystal Lake pluton—Approximately 13,800 feet long and 4,000 feet wide, the Crystal Lake pluton trends northeast-southwest extend-
ing from southern saddle of Middle Mountain to Granite Creek. Crystal Lake pluton is best exposed on ridges and valleys south of 
Monument Peak. This pluton is the largest in the felsic intrusive suite. The Crystal Lake pluton shares most of its northwestern 
contact with undeformed Hunsaker Creek Formation, it can be observed as lighter granitoids of Crystal Lake pluton against dark 
colored metavolcaniclastic rocks of the Hunsaker Creek Formation. Best exposures of the Crystal Lake plutons can be found in the 
Granite Creek valley and the Paradise Creek cirque. The composition of the Crystal Lake pluton is principally granodiorite and horn-
blende-biotite quartz diorite. Most of the southern contact of Crystal Lake pluton in the Granite Creek valley with the mylonitic 
Oxbow-Cuprum shear zone has shear banded inclusions in the quartz diorite and quartz monazite dike (White, 1968) of the pluton. 
Dikes from the plutons intrude the mylonitic Oxbow-Cuprum shear zone ranging from 5 feet to 30 feet in width near the contact 
where intense foliation defined by biotite dipping steeply can be found (White, 1968). Field relationships between the Crystal Lake 
pluton and the Satan Lake pluton suggest that the Crystal Lake pluton intruded the later and shares parts of the northern and south-
ern contacts.

Pactolian pluton—Best exposures of the Pactolian pluton are between the Pactolian Gulch and Lake Fork (SE¼, sec. 35, T. 22 N., R. 
2 W.). Axe shaped, Pactolian pluton is approximately ~ 10,500 feet long and ~ 2,800 feet wide in the southern portion and ~ 300 
feet wide in the northern portion of the pluton. Tributaries of the Lake Fork separate the Black Lake pluton and the Pactolian pluton 
along multiple mining tunnels on the sheared volcaniclastic Hunsaker Creek Formation. The Pactolian pluton is hornblende quartz 
diorite in composition. Shear fabrics are present along the southwest boundary of the Pactolian pluton, but absent elsewhere, 
suggesting that deformation is unrelated to the Oxbow-Cuprum shear zone. Due to extensive mining activity and subsequent scree 
and tailings along the northeastern boundary of the pluton, the contact with the Hunsaker Creek Formation is approximated.

Big Lake pluton—Approximately, 11,600 feet long and 2,500 feet wide in a northeast- southwest trending orientation, the Big Lake 
pluton shares its contact with Hunsaker Creek Formation on the western side and White Mountain pluton to the east. The Big Lake 
pluton is best exposed in the Six Lake Basin on the western slopes of the White Mountain. The Big Lake pluton is a biotite-horn-
blende quartz diorite with no visible foliation in the pluton or the country rock. The western contact is obscured by glacial till deposits 
ranging from boulders to unconsolidated sediments. The contact with White Mountain pluton is mostly gradational over tens of feet 
to hundreds of feet, except the sharper of the contacts along F.S. Trail 216 where a lighter quartz diorite can be seen intruding the 
darker dioritic rocks of the White Mountain pluton. 

Ruth Lake pluton—The northern most pluton in the quadrangle, the Ruth Lake pluton, is relatively isolated from the rest of the plutons 
in the quadrangle. Approximately 10,100 feet long and 3,400 feet wide, this pluton is in contact with undeformed Hunsaker Creek 
Formation. Best exposures of the Ruth Lake pluton are in the Ruth Lake cirque where a sharp boundary with the almost black meta-
basalt unit and epidote veins. Monzonite dikes to occur near contact with the Hunsaker Creek formation where an abundance of 
platy flow structures are present in the pluton (White, 1968). The Ruth Lake pluton is a hornblende quartz diorite with quartz veins 
filling fractures, and minor shearing and elongation near the northernmost contact suggesting possible emplacement shear defor-
mation. U-Pb zircon geochronology of the pluton at University of Arkansas Geochronology Lab revealed a 222.1 ± 5.8 Ma (Late 
Triassic) age.

Deep Creek pluton—Approximately 1/3rd of the Deep Creek pluton is exposed in the quadrangle intruding the Seven Devils Group in 
an east-west trending orientation. Part of one of the largest intrusive bodies in the southern Seven Devil Mountains, the Deep Creek 
pluton is Early Cretaceous in age (123 Ma; Jeffcoat et al., 2013). This pluton is best exposed along intersection of the Black Lake 
Road and the Deep Creek. The Deep Creek pluton is hornblende-biotite bearing quartz diorite and tonalite (White, 1968; Hamilton, 
1963; Lund, 2004) in composition. Roof pendants of the Wild Sheep Creek Formation and xenoliths of Hunsaker Creek Formation 
can be found within the pluton. Foliation observed in the Deep Creek is mainly flow foliation (White, 1968), but tectonic origins of 
the foliations have also been interpreted (Cook, 1954; Hamilton, 1963). The Deep Creek pluton intrudes the dioritic Horse Pasture 
pluton, Wild Sheep Creek Formation, Hunsaker Creek Formation, and the Oxbow-Cuprum shear zone. Numerous marble xenoliths 
and inclusions in the pluton led to copper, silver and gold mining activities (White, 1968) in the Purgatory Saddle and the adjacent 
White Monument quadrangle, where a dioritic intrusive body (mapped as the diorite of Richie Gulch; Kdr; 123.1 Ma; Jeffcoat et al., 
2013) can be observed covering almost a square kilometer. The origin of the marble inclusions is most likely from limestone lenses 
in the metavolcaniclastic rocks of the Wild Sheep Creek Formation or possibly from the Martin Bridge Formation (White, 1973; 
Lund, 2004). Detachment slickens can be found in the pluton and by the contact with volcaniclastic Hunsaker Creek Formation 
along F. S. Trail 227 in the southern portion of the map.

Echols Mountain pluton—The Echols Mountain pluton is best exposed near the intersection of the Lake Creek Fork and F.S. Trail 187 
as an intrusive contact with the Hunsaker Creek formation. Approximately 3/4th of the pluton is exposed in the quadrangle in an 
east-west trending orientation intruding the Hunsaker Creek Formation and the Wild Sheep Creek Formation. Major slickens can 
be observed in two places: 1) near the contact of the pluton with the Hunsaker Creek formation along F.S. Trail 328, and 2) on top 
of the southern ridge of the twin lake cirque originating possible from a domal effect during emplacement of the Echols Mountain 
pluton. The pluton is hornblende-biotite-bearing quartz diorite and tonalite (White, 1968; Vallier, 1977; Hamilton, 1963; Simmons et 
al., 2007), and is similar in composition and age (Lund, 2004; White, 1968) to the Deep Creek pluton, with less potassium feldspar 
content than Deep Creek pluton (White, 1968). Although, two marble lenses were reported by White (1968), there were none at the 
mentioned sites possible due to past mining activities in the area. Foliation observed in the pluton is mainly flow foliation, other than 
in Hunsaker Creek formation near the contact of the pluton near the western edge of the map along F.S. Trail 187. 

OCSZOCSZ

Oxbow- Cuprum shear zone—As the most distinctive feature in the quadrangle, the Oxbow- Cuprum shear zone, extends almost the 
entirety of the map as a 0.5-1 km thick zone in a northeast-southwest orientation. Foliation throughout the shear zone constantly 
appear to be steeply dipping, consistent with the joint and fracture sets. The Oxbow-Cuprum shear zone is a mylonitic zone with 
gradational contacts along its boundaries that range from 10 feet to 150 feet. Best exposures can be found in the central portion of 
the map in the Granite Creek area where it outcrops as alternating light and darker gray-brown banded layers. White (1968) defined 
this characteristic banded layer as a fluxion structure. The chemically differentiated banded occurs as a difference in the concentra-
tion of elongated and lineated hornblendes. The mylonitic zone shows fine grain shearing and lenses of intensely sheared quartz 
throughout the Oxbow-Cuprum shear zone. Shearing decreases into visibly stretched quartz clasts to no shear sense in a graded 
sequence from the shear zone to the undeformed Hunsaker Creek Formation at most contacts. Due to this behavior it is possible 
that the nature of shearing is more radial with intense shearing in the central portions with decreasing outward shearing. In the 
northeastern corner of the map, the contact with the Hunsaker Creek Formation is more sharp than gradational. The Oxbow-Cu-
prum shear zone has been previous mapped (Taubeneck, 1966; Vallier, 1967; White, 1968; Lund, 2004) throughout this region with 
a characteristic foliation and intense shearing in a similar trend south of the map close to the Oxbow of the Snake River. The north-
ern extent of the Oxbow-Cuprum shear zone is still debatable.

Pluton emplacement—The emplacement of the plutons in the map can be generalized into two parts, 1) the emplacement of the elon-
gated pluton in and near the Oxbow-Cuprum shear zone, and 2) the emplacement of the massive Cretaceous plutons. The Triassic 
mafic and felsic plutons have a characteristic sharper contact with the country rock and the Oxbow-Cuprum shear zone that pres-
ently surrounds them. The metavolcanic country rock strike almost northeast-southwest trending parallel to the plutons. Extremely 
limited amount of country rock inclusions in the plutons suggests a possibly colder emplacement (White 1968). Overall, pluton 
orientations and structural data suggest that magmas exploited a zone of structural weakness (Badgley, 1965) due to parallel 
foliation in the contact of the plutons with the metavolcanic rocks and the Oxbow-Cuprum shear zone, although post-emplacement 
regional metamorphism precludes identifying an actual mode of emplacement.

 The Echols Mountain and the Deep Creek plutons occur in an east-west trend with an intrusive body (Diorite of Richie 
Gulch) in the western Deep Creek which occurs in a northeast southwest trend, possibly due to the nearby zone of weakness, from 
the Oxbow-Cuprum shear zone. Due to internal and external detachment faults in both of the Cretaceous plutons, possibly due to 
a more magmatic and ductile nature of intrusion (White, 1973), a characteristic domal effect has been observed. Xenoliths of the 
nearby metavolcanic rocks can be observed throughout Deep Creek and Echols Mountain plutons, which are also suggestive of a 
magmatic pulse type intrusion (White, 1968, 1973). Near-concentric flow patterns in both of the plutons and suggested a upward 
and then outward movement of magma (White, 1968). The similarity in texture and mineralogy, and proximity of these massive 
plutons suggest a possible subsurface interaction as illustrated in the cross section.

Smith Mountain synclinorium—The Smith Mountain synclinorium appears to be possibly relation to the Curren Mountain synclinorium 
but due to deformation and regional plutonism, it does not outcrop to be connected. This has been previously mapped as Doyle 
Creek Formation by Lund (2004), and undifferentiated Seven Devils Volcanics by Hamilton (1963) and White (1968). The syncline 
in the southwest corner of the map is intruded by the Deep Creek pluton, and the overturned and steeply dipping strata can be best 
observed from the Black Lake Rd looking south at the Smith Mountain, on top of which the stratigraphic contact between the Wild 
Sheep Creek Formation and Hunsaker Creek Formation can be observed.

Curren Mountain synclinorium—The Curren Mountain synclinorium represents the folded Wild Sheep Creek Formation plunging to 
the north-northeast, previously mapped as the Doyle Creek Formation by Lund (2004), and undifferentiated Seven Devils Volcanics 
by White (1968) and Hamilton (1969). The structure is tightly folded with smaller scale parasitic folds and overturned beds, best 
exposed near the Curren Mountain area. The Wild Sheep Creek Formation stratigraphically overlies the Hunsaker Creek Formation 
which may have shown up folded in the central portion of the map before emplacement of the Jurassic-Triassic plutons along the 
Oxbow-Cuprum shear zone, as part of an anticlinorium, as suggested by the presence of the Smith Mountain synclinorium to the 
south. Much of the stratigraphy in the entire map has been folded and faulted (along the southern boundaries of the Cretaceous 
plutons) due to domal effects and overturning of beds from plutonism in the region.

Table 1. Geochronology samples collected in the Purgatory Saddle quadrangle.
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