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it o SE CORRELATION OF MAP UNITS DESCRIPTION OF MAP UNITS stone. Maximun thickness is about 80 m east of the Sapphire thrust plate, and unit is
TR F S S 1D’ e T Sapphir(i e §— Mediusn- o dark d grayish-black, thicki
S SN : efferson Formation (Late Devonian)—Medium- to dark-gray and grayish-black, thickly
MANMADE DEPOSITS MANMADE DEPOSITS bedded, locally laminated, coarsely crystalline, fetid dolomite interbedded with thin beds
B R h ; - 1 . of light-gray limestone. Maximum thickness about 230 m
p p Dred\g}entallmg; a.m'i [.)tlacer-mmed gravel (Holocene)—Mostly in the Helena Valley and Avon Maywood(?)(Late Devonian) and Red Lion (Late Cambrian) Formations, undivided
Rt Maywood Formation—Grayish-red, orange, gray, and grayish-green shale, siltstone,
SEDIMENTARY ROCKS AND limestone, and dolomite. Contains interbedded black crystalline dolomite in upper part
DEPOSITS AND VOLCANIC SEDIMENTARY ROCKS AND DEPOSITS AND VOLCANIC ROCKS Red Lion Formation—Thin, medium- and light-gray limestone beds separated by unevenly
ROCKS (- Holocene bedded, internally laminated siliceous and argillaceous orange- and red-weathering dolomite
Qal Alluvium (Holocene)—Matrix- and framework-supported boulder and cobble gravel, gravelly beds. Base of unit is interbedded grayish-red, grayish-green, and gray shale, siltstone,
Qal | of - QUATERNARY sand, sand, silt, and clay layers in valleys of active and intermittent streams. Locally con- limestone, and dolomite. Maximum thickness about 100 m
= tains gold in placers _ Hasmark Formation (Late Cambrian)—Light- and medium-gray, massive-weathering, thinly
Qaf Alluvial-fan deposits (Holocene)—Poorly stratified deposits of framework- and matrix- laminated, finely crystalline and microcrystalline dolomite. Thickness about 185 m
Qac supported gravel, sand, and silt. Fans occur at junctions of tributary streams and main Silver Hill Formation (Middle Cambrian)—Upper member is 15 to 30 m of grayish-green,
valleys in west part of study area and as large fans in Helena Valley. Locally contains waxy shale that contains thin interbeds of limestone. Grades downward into middle
Pleistocene : gold in placers member, which is composed of gray, thinly to thickly bedded limestone and distinctive
QI | Landslide deposits (Holocene and Pleistocene)—Masses of nonconsolidated and poorly con- thin interbeds of uneven and discontinuous orange- and rusty-weathering siliceous dolomite.
o — solidated angular rock fragments in a clayey and sandy matrix that has been dislocated Middle member about 240 m thick. Lower member is greenish-gray, gray, and dark-gray
Pliocene % CENOZOIC by mass-movement processes ; micaceous shale, glauconitic siltstone, and interbedded grayish-green micaceous sand-
Qac Alluvium and colluvium (Holocene and Pleistocene)—Poorly sorted, poorly stratified stream stone. Trilobite tracks occur on some bed surfaces, and phosphate brachiopods occur
and slope-wash deposits. Locally contains gold in placers locally in the lower shale. Lower member is about 20-30 m thick. Exposed only in thrust
Till (Pleistocene)—Poorly sorted bouldery gravel, gravelly sand, and muddy gravel; generally slabs of Sapphire thrust plate; overlies Flathead Quartzite
Miocane poorly stratified. Forms prominent recessional moraines in Little Blackfoot River valley Park Shale (Middle Cambrian)—Grayish-green, fissile, waxy shale and interbedded siltstone
TN - in southern part of map area and gray limestone. Limestone nodules common near base. Maximum thickness about
TN . Outwash deposits (Pleistocene)—Well-stratified, moderately sorted to well-sorted deposits 80 m east of the Sapphire thrust plate
‘- TERTIARY — of silt, sand, and gravel. Forms alluvial terraces Meagher Limestone (Middle Cambrian)—Gray, thinly to thickly bedded micrite and biomicrite
|~--QTg | Residual gravel and gravel in terraces (Pleistocene and Pliocene?)—Older stream deposits that contains distinctive thin interbeds of uneven and discontinuous gold- and orange-
Oligocenie — on high-level terraces above modern stream deposits and lag deposits on hillslopes. Locally weathering siliceous and argillaceous dolomite. A zone of gray oolitic limestone near middle.
contains gold in placers Maximum thickness about 185 m east of Sapphire thrust plate
Gravel deposits (Pliocene?)—Moderately to poorly sorted boulder and cobble gravel that Wolsey Shale (Middle Cambrian)—Greenish-gray, micaceous shale and glauconitic siltstone
Late contains sand, silt, and silty-clay layers. Deposited on pediment surfaces and is locally interbedded with thin beds of gray limestone near the top and micaceous, glauconitic
Eocene truncated by a pediment surface; poorly stratified to well stratified. Locally contains gold quartzite at the base. Thickness varies between about 120 m to about 90 m in the region
Unconformity Pal in placers east of Sapphire thrust plate. Overlies Flathead Quartzite
o Alluvial-fan deposits (late Miocene)—Matrix- and framework-supported, poorly to moderately Flathead Quartzite (Middle Cambrian)—Gray, brownish-gray, and tan, thinly to thickly bed-
= 3 sorted boulder and cobble gravel that contains sand, silt, and silty-clay layers. Poorly ded and crossbedded quartzarenite; fine to medium grained, and locally coarse grained
stratified to well stratified. Clasts in gravel are mainly quartzite, hornfels, limestone, and and conglomeratic. Rare conglomerate lenses contain quartz pebbles as large as 1 cm
Unconformity shale, but granitic boulders are numerous in fan deposits southwest of the Blackfoot City in diameter. Thin interbeds and partings on bedding planes of greenish-gray micaceous
stock. Occurs on hills along eastern margin of Avon Valley. Maximum thickness about shale common in places. Maximum thickness about 30 m
Late 330 m Belt Supergroup
Cretaceoiis Siltstone and sandstone of Avon Valley (middle? Miocene)—Light-brown to light-yellowish- Missoula Group :
brown, massively bedded, tuffaceous siltstone that contains lenses of crossbedded sand- McNamara Formation (Middle Proterozoic)—Variegated red, green, grayish-green, and
40’ Unconformity - CRETACEOUS stone and gravel. Poorly to moderately sorted. Clasts in gravel consist mostly of angular waxy argillite, pinkish-gray and tan siltite, and grayish-red, grayish-pink, and tan feldspathic
u = quartzite and sandstone derived from sedimentary rock units exposed in the Black Moun- fine-grained quartzarenite in fining-upward cycles. Argillite and siltite thinly laminated and
s : tain syncline to the northeast. Maximum thickness about 30 m microlaminated; quartzite beds thinly laminated, massive, or ripple cross-laminated.
i ' MESOZOIC Blackfoot City deposits (Oligocene?)—Yellowish-brown, light-gray, reddish-brown, and pale- Silicified clay chips, red and green chert clasts, and microlam%nat.ed red or green chert
D) | Gemeteny 8 Early brown claystone, siltstone, sandstone, and lignite interbedded with gravel and con- beds present locally. Water-expulsion structures, ripple cross-lamination, small-scale planar
.{ Y 10dd Fellows T Cretaceous glomerate. Claystone is thinly laminated to nonlaminated. Gravel is framework supported, crossbedding, and soft-sediment deformation structures are common. About 550 m
Cemetery < ‘ 2 poorly sorted to moderately sorted, stratified and imbricated; clasts are mainly pebbles, exposed on southwest limb of Black Mountain syncline, but upper contact is an angular
cobbles, and boulders of rhyolite. Gravel is locally cemented by yellow chalcedony. unconformity. Queried where uncertain in cross section C-C’. Estimated to be about
Late Mapped only in Avon Valley. Maximum thickness not known but could exceed 500 m thick 760 m thick in easternmost thrust slabs of Sapphire thrust plate
dJurassic Siltstone, sandstone, and conglomerate of Helena Valley (Miocene? and Oligocene?)— - Bonner Quartzite (Middle Proterozoic)—Light-pink and tan, feldspathic, medium- and
Ellis > JURASSIC Yellowish-brown, light-gray, reddish-brown, and light-greenish-gray claystone, siltstone, coarse-grained quartzite. Fining-upward cycles contain granule or fine-pebble-bearing quart-
Group Middle sandstone, gravel, volcanic ash, and lignite. Probably equivalent to combined siltstone zite at bottom of bedding units. Shallow channels, medium- and small-scale planar and
Jurassic and sandstone beds of the Avon Valley (unit Tss) and to Blackfoot City deposits (unit trough crossbedding, and ripple marks are common primary structures. Thin and len-
Tbc) of Avon Valley. Thicknesses in Helena Valley range between 365 and 1,800 m ticular beds of red argillite separate some bedding units. Queried where uncertain. Max-
Disanformliy il g (Schmidt, 1986) imum thickness about 460 m
< Siltstone, sandstone, and conglomerate (Pliocene?, Miocene?, and Oligocene?)— Mount Shields Formation (Middle Proterozoic)—Consists of three members. Principal
Yellowish-brown, light-gray, reddish-brown, and light-greenish-gray claystone, siltstone, sedimentologic characteristics of all three members are rhythmic bedding, flat and ag-
PERMIAN sandstone, and lignite interbedded with gravel and conglomerate, and overlain uncon- gradational basal contacts of beds, and fining-upward cycles
formably by moderately to poorly sorted boulder and cobble gravel. Combines equivalents Member 3—Tan, pinkish-gray, and light-grayish-red siltite and fine-grained, well-sorted
L G I PENNSYLVANIAN of Blackfoot City deposits (unit Tbc), siltstone and sandstone of Avon Valley (unit Tss), quartzite and grayish-red argillaceous quartzite beds that alternate with reddish-gray,
S SNV RNa ' \\ RESERVE 89 |Cemetery Tertiary alluvial-fan deposits (unit Tf), and gravel deposits on pediment surfaces (unit grayish-red, and purplish-red argillite and silty argillite beds. Siltite and fine-grained quart-
=<7 (I daa i/ : : WL i i i i feldspathic. Planar lamination, ripple cross-lamination, and mud chips are com-
7 \///\Ejj/ ; E =) \ 2 Y%ve 07 z \ MISSISSIPPIAN Tg) where Tertiary deposits were mapped by reconnaissance zite are feldsp an , ripp s A p
//ff » Lﬁ/ AN ﬁ\ k& i A@/ \ 1 Q Linty® MISSISSIPPIAN Basalt (Oligocene?)—Flows of black- to dark-reddish-brown vesicular and nonvesicular basalt mon in siltite and quartzite. Argillite is planar laminated and microlaminated. Salt-crystal
T KBNS M V1] X s L : pital= % AND flows and flow breccia. Aphanitic to slightly porphyritic. Augite and plagioclase phenocrysts casts are common on bedding surfaces. Some argillaceous layers are dense, conchoidal
=N ‘ PO 9 // (/s g% (e DEVONIAN occur in a pilotaxitic matrix of elongate plagioclase microlites. Accessory minerals include fracturing claystone. Contains rare green-bed zones. About 400 m thick
ot Cente ) R A J ki N SO Late DEVONIAN biotite and titanomagnetite or ilmenite. Secondary minerals are hematite and epidote. Member 2—Tan, pinkish-gray, grayish-white, grayish-red, and pale-green, fine-,
= 16_ —f . /e e L Decentan DEVONIAN >~ PALEOZOIC Individual flows are between 2 and 10 m in thickness. About 30 percent of vesicles are medium-, and coarse-grained, subangular to well-rounded, interbedded quartzarenite and
REQN LE;/- ] * AND filled with chalcedony or calcite. Weathers to yellowish-red and yellowish-brown color. feldspathic quartzite. Coarse-grained, feldspathic quartzite is rare. Individual beds nor-
[ A Late CAMBRIAN Locally contains interlayered beds of yellowish-brown and grayish-brown mudstone, sand- mally graded and normally coarse-tail graded. At tops of quartzite beds grayish-red or
Cambrian stone, and pebble conglomerate. Maximum thickness not known but locally could be about light-green siltite or argillite forms tops of graded units. Small-scale planar or trough
; 500 m crossbedding, planar lamination, and nonharmonic current-ripple cross-lamination are most
Tuffaceous volcaniclastic rocks (Oligocene? and Eocene)—Grayish-white, grayish-pink, common sedimentary structures. About 300 m thick
e and light-brown, poorly bedded, poorly sorted tuffaceous sandstone and siltstone. Out- Yms 1 Member 1—Zones of rhythmically interbedded red, purplish-red, and grayish-red argillite,
Middle (- CAMBRIAN crops show north-northwest oriented fractures. Contains angular to subangular, medium- and tan- and pink-weathering siltite and zones of fine- and medium-grained, tan, pink,
Cambrian to very coarse grained lithic fragments, pumice (as large as 7.5 cm in diameter), glass and grayish-white feldspathic quartzite and quartzarenite. Zones of interbedded argillite
shards, mica, quartz, and sanidine in a dense, tuffaceous matrix. Thickness may be less and siltite are thickest at the bottom of the member, and zones of fine-grained quartzite
than 60 m thickest at the top of the member; zones of interbedded argillite and siltite and zones
i = < - Andesite (Oligocene and Eocene)—Dark-gray, greenish-gray, brownish-gray, and reddish- of quartzite are dominated by fining-upward cycles. Planar lamination, harmonic and
Unconformity . gray flows of andesite interbedded with breccia, air-fall tuff, and volcaniclastic rocks and nonharmonic ripple cross-lamination, current ripples, small-scale crossbedding, planar
) A intruded by plugs, dikes, and sills. Contains euhedral plagioclase, pyroxene, and amphibole basal contacts, water-expulsion structures, and mud cracks are common sedimentary
phenocrysts in a fine- to medium-grained crystalline groundmass (Stone, 1952, p. 23). structures. About 400 m thick
Maximum thickness of layered rocks about 80 m Shepard Formation (Middle Proterozoic)—Greenish-gray, light-green, tan, grayish-white,
Rhyolite (late Eocene)—Light-gray, reddish-gray, light-brown, and pinkish-gray lava flows olive-drab, and medium-green, interbedded argillite, silty or sandy argillite, carbonate- or
of rhyolite porphyry interbedded with flow breccia, vitrophyre, ash-flow tuff, and air-fall silica-cemented siltite, argillaceous limestone and dolomite, rare beds of white quartzite,
Missoula tuff, and intruded by rhyolite plugs and dikes. Porphyries contain 10-40 percent and rare zones of reddish-gray, pinkish-gray, and purplish-gray argillite and siltite.
'S Group phenocrysts of sanidine and quartz and show well-developed flow foliation. Accessory Carbonate-bearing and noncarbonate-bearing argillite and siltite beds are microlaminated
y S | N 3 minerals are iron oxides and apatite. Queried where uncertain in cross section C-C’. Local and laminated. Principal sedimentary structures are planar lamination, ripple cross-
@ e > 311 Joiowel Pt e SV Belt ,  MIDDLE maximum thickness about 550 m lamination, desiccation cracks, water-expulsion structures, mudchip conglomerate, load
SN w04 %887 | _— Supergroup PROTEROZOIC Rhyolite plugs and dikes (late Eocene?)—Light-gray, reddish-gray, light-brown, and pinkish- casts, and calcite-ribbon and calcite-pod structures. Commonly contains a stromatolite
B gray nonfoliated plugs and dikes similar in composition and texture to rhyolite flow rocks zone at the base. About 335 m thick
(unit Tr). Locally contains disseminated aggregates of pyrite crystals Snowslip Formation (Middle Proterozoic)—Medium-red, grayish-red, purplish-red
Middle Belt Basaltic and andesitic volcanic rocks (Paleocene or Late Cretaceous)—Dark-gray, argillite, silty and fine-grained argillaceous siltite, and argillaceous quartzite. Quartzite is
: b: te brownish-gray-weathering lava flows interbedded with breccia and some air-fall tuff. Flow subangular to well rounded. Slightly feldspathic, argillaceous quartzite interbedded with
P tops amygdaloidal. Unconformably overlies Elkhorn Mountains Volcanics. Maximum zones of thinly laminated and microlaminated argillite and siltite. Argillaceous siltite and
Ravalli thickness about 300 m quartzite beds unevenly distributed through formation. Zones of green beds consist of
Group Elkhorn Mountains Volcanics (Late Cretaceous)—Dark-gray, greenish-gray, and reddish- silty argillite, grayish-green siltite, microlaminated argillite and siltite, and dolomitic or
) 5 gray basalt and andesite, and light-reddish-gray and gray andesite, dacite, and rhyolite calcareous siltite. About 400 m thick
lava flows, and interbedded breccia, ash-flow tuff, air-fall tuff, and volcaniclastic rocks Helena Formation (Middle Proterozoic)—Black argillite, dark-gray siltite or fine-grained
intruded by dikes and sills. Queried where uncertain in cross section C-C’. Maximum quartzite, mottled or laminated tan and dark-gray dolomite, dark-gray limestone,
thickness about 900 m stromatolites, microlaminated calcareous siltite and argillite, and dark-gray and blackish-
PLUTONIC R Carten Creek Formation (Late Cretaceous)—Zones of greenish-gray, tan, and reddish-gray gray argillaceous limestone. Consists mainly of cyclic sequences that have a clastic zone
OCKS sandstone and pebble conglomerate interbedded with zones of dark-gray, greenish-gray, at the base, a dolomite bed in the middle, and a limestone or stromatolitic limestone zone
and reddish-gray mudstone, shale, siltstone, fine-grained sandstone, and rare beds of black at the top. Planar and wavy lamination, ripple cross-lamination, shallow channels, water-
argillaceous limestone. Clastic rocks commonly contain volcanic debris. All sections in- expulsion structures, vertical-ribbon structure (molar-tooth structure), and calcite-pod struc-
complete. About 1,200 m exposed in study area tures are common sedimentary structures. About 1,220 m thick
} TERTIARY } CENOZOIC Jens Formation (Late Cretaceous)—Gray, greenish-gray, and olive-drab shale, siltstone, and Ravalli Group
sandstone, and light-gray, light-green, and pale-pink porcellanite and volcanic ash, and Empire Formation (Middle Proterozoic)—Grayish-green, medium-green, and light-green
tan and grayish-green sandstone. Prominent zones of grayish-white- and tan-weathering laminated and microlaminated argillite, and buff and light-green siltite and fine-grained
sandstone beds in lower and upper parts of unit. Only uppermost part of unit exposed quartzite. Argillite, siltite, and quartzite beds are commonly calcareous or dolomitic. Some
in study area grayish-white, fine-grained quartzite beds are as thick as 20 cm. Planar lamination, ripple
Blackleaf Formation (Late and Early Cretaceous)—Minimum thickness about 700 m. cross-lamination, microlamination, shallow channels, horizontal-pod structures, water-
Upper contact absent expulsion structures, and mud cracks are the most common sedimentary structures.
5 N Az ) JI5e Vaughn Member (Late Cretaceous)—Interbedded sequence of light-gray and blackish-gray Stromatolites occur at some places. About 300 m thick. Queried where uncertain
A\ A SIS N shale, grayish-green and green, silica-cemented feldspathic and lithic sandstone, gray and Spokane Formation (Middle Proterozoic)—Grayish-red, dark-grayish-red, and purplish-red
NS \2%?/ N J (7 / olive-green siltstone and sandstone, and siliceous volcaniclastic rocks. Contains a len- thinly interbedded argillite and siltite, and some tan or pinkish-gray beds of fine-grained
\%ﬂ%{%ds i é ,il L ticular conglomerate composed of white quartzite and black chert clasts near middle of quartzite. Zones of microlaminated couplets of light- and medium-green argillite and siltite
BTN % ff:}‘ Nt < Cr etL:ct:ous member. About 400 m exposed in study area range between 20 cm and 3 m thick. Ripple cross-lamination, planar lamination,
=0 "a\\ o I 17040 =] > CRETACEOUS > MESOZOIC Taft Hill and Flood Members (Early Cretaceous), undivided—Interbedded dark-gray shale microlamination, shallow channels, load casts, water-expulsion structures and mud cracks
RN and tan-weathering, greenish-gray and green sandstone in upper part, and dark-gray to are common. About 1,000 m thick north of study area, but base not exposed in study area
black shale in lower part. Maximum thickness about 400 m
Kootenai Formation (Early Cretaceous)—Variegated red and green shale, siltstone, and
( & ~ N 7 \ U::\,\ feflis}l;:?thic and lzlt]})ic coarse-grati)ned sandstorcllebthat contali)lns thin, discog;iguomfls bgﬁs
= D2 : - = e FI\EARN ) ot light-gray-weathering micrite, biomicrite, and biosparite. Discontinuous s of pebble PLUTONIC ROCKS
J e < =—>A (NN \kf\ {(0 oz &fj%«?’&,;ﬁv st‘i‘t M conglomerate at base. Maximum thickness about 365 m. Queried where uncertain
. Fok L M@’ \ \M'\\)\! IR N RIS 55;,“4 =) ? ;@“i"ﬁ/ﬁ,‘& ) ] Morrison Formation (Late Jurassic) and Ellis Group (Late and Middle Jurassic)—Combined Dacite (Eocene)—Porphyritic dacite and dacite porphyry as dikes, sills, and plugs. Dacite
) sl T : S = = ' —  R3W in most of mapped area. Thicknesses given here and on cross sections are approximate contains plagioclase, quartz, and biotite phenocrysts in a glassy or microcrystalline ground-
L = because thicknesses of individual units are different within the map area. In Black Moun- mass (Knopf, 1963, p. 9)

“ N L - _ Base from U.S. Geological Survey 1:62,500 Mapped by R.G. Schmidt (1975-76, 1978-79, 1982). Early tain syncline the two formations range between 45 and 65 m thick, but on Sapphire thrust Mafic stocks, dikes, and sills (Tertiary)—Gabbro or gabbronorite and microgabbro. Includes
W ‘f;_ & e for .EIIistnngHSSBD ki Assisted by T. Gracanin [1978), T. Gawloski (1979); Cretaceous plate the two units are about 150-180 m thick rocks with diabasic texture. Composed of plagioclase, hornblende, pyroxene, and biotite
A~ J/ = Deer Lodge (1950), and Basin (1954] C.E. Diercks (1982), and Nicholas Schmidt (1378-79, 1982) - - Morrison Formation (Late Jurassic)—Variegated red and green shale, siltstone, feldspathic in variable proportions. Queried where age may be Cretaceous

‘ and lithic sandstone, and discontinuous beds of light-gray-weathering limestone. A Granodiorite and monzogranite (Late Cretaceous)—Fine-, medium-, and coarse-grained.
LATE I thickness of about 15 m is common on most of Sapphire thrust plate, but about 60 m hypidiomorphic granular, porphyritic and equigranular hornblende-biotite granodiorite and
MER BRI S occurs northeast of Elliston on the thrust plate. About 35 m thick in Black Mountain monzogranite and biotite granodiorite and monzogranite. Occurs as small stocks and

syncline
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Ellis Group (Late and Middle Jurassic)—Swift Formation (top), Rierdon Formation, and
Sawtooth Formation (bottom). At most places about 135-165 m occurs on Sapphire
thrust plate and about 30 m in Black Mountain syncline

Swift Formation (Late Jurassic)—Moderate-, light-gray-, and grayish-brown-weathering
calcareous sandstone, fossiliferous sandstone, and black, chert-pebble-bearing con-

calcareous shale and medium-gray micritic limestone. About 35 m thick on Sapphire thrust
plate
Sawtooth Formation (Middle Jurassic)—Gray, gray-brown, and tan fine-grained quartz-

rare dikes and sills that have surface exposures generally smaller than 1.5 km2
Diorite porphyry (Late? Cretaceous)—Fine- and medium-grained diorite porphyry composed
of plagioclase phenocrysts (commonly 1-2 cm long) and smaller phenocrysts of horn-
blende and pyroxene enclosed in a microcrystalline groundmass of the same minerals
(Knopf, 1963)
Shonkinite (Late? Cretaceous)—Potassium feldspar and augite. Two small bodies mapped

1 % 0 1 2 3 4 MILES glomerate, and olive-drab, light-gray, and dark-gray shale. Maximum thickness of about by Knopf (1963) west of Austin, Mont.
= =] 85 m on Sapphire thrust plate Priest Pass Leucomonzonite (Late Cretaceous)—Medium-grained, equigranular quartz mon-
’ 3 " o KILOMETERS Rierdon Formation (Middle Jurassic)—Blackish-gray, gray, and brownish-gray interbedded zonite. Composed of essential plagioclase (about 40 percent), potassium feldspar (about
15 0

40 percent), and quartz (about 10 percent), and varietal hornblende and biotite (about
10 percent) (Knopf, 1963)
Unionville Granodiorite (Late Cretaceous)—Medium-grained, hypidiomorphic granular,

NATIONAL GEODETIC VERTICAL DATUM OF 1929 arenite, shale, and limestone. About 40 m thick on Sapphire thrust plate equigranular, biotite-hornblende-augite quartz monzonite. Composed of essential
Shedhorn Sandstone and Phosphoria and Park City Formations (Permian), Quadrant plagioclase (about 40 percent), potassium feldspar (about 20 percent), and quartz (about
o Quartzite (Pennsylvanian), and Snowcrest Range Group (Early Pennsylvanian and 15 percent), and varietal biotite, hornblende, and augite (about 20 percent) (Knopf, 1963).
N Late Mississippian), undivided—Combined east of frontal thrust faults of the Sapphire Part of Boulder batholith
S thrust plate and combined in cross sections. Subdivided rock units described below. Butte Quartz Monzonite (Late Cretaceous)—Fine-, medium-, and coarse-grained, hypidiomor-
o ) Thickness of combined units about 90 m phic granular, porphyritic and equigranular hornblende-biotite monzogranite and
Contact—Dashed where approximately located; dotted where concealed Shedhorn Sandstone and Phosphoria and Park City Formations (Permian) and Quadrant hornblende-biotite granodiorite. Porphyry and porphyritic monzogranite common (Becraft
e L . Quartzite (Pennsylvanian), undivided—Locally distinguished from Mississippian for- and others, 1963). Part of Boulder batholith
s H “w Faul:i—r—Dasge%lerr;a apprﬁxtmgiiely .locatfed, dotted :'vzere con?realed: Ball.a‘lr_xdt bar Oc? down- mations. Thickness of total undivided unit about 50 m Granodiorite (Late Cretaceous)—Porphyritic and nonporphyritic granodiorite, undivided, of
g :f'\\ 2 Qgpge d 2 }f' u?)wsrfaiﬁ Walitechon Ghmcvelment. N« alvay mom viewer: T, lowatcviewer: Shedhorn Sandstone and Phosphoria and Park City Formations—Gray and brownish- Knopf (1963, p. 7-8)
z E,\\\\ L5 ul erHeq whieresunee ‘ gray, fine- to medium-grained quartzarenite at top, gray, dark-gray, brownish-gray, and Blackfoot City stock (Late Cretaceous)—Medium-grained, hypidiomorphic granular,
w '&’,' R " gbﬁ%'ém 53 £l A’ -A—A—=- Thrust fault—Dashed where approximately located, dotted where concealed. Saw teeth on pale-brown, thinly interbedded oolitic phosphorite, phosphatic sandstone and shale and equigranular and porphyritic biotite-hornblende quartz monzonite, quartz monzodiorite,
8 8 NS SYNCLINE b g: upper plate chert in middle, and gray, brownish-gray, and yellowish-gray limestone, cherty limestone, and granodiorite. Consists of essential plagioclase (about 45 percent), potassium feldspar
FEET o o \\\\\\ % £E g W Eggg & ——3—#— Anticline—Showing trace of axial surface and direction of plunge. Trace of axial surface dashed siltstone, and quartzarenite at bottom (8-20 percent), and quartz (16-25 percent), and varietal hornblende (8-10 percent) and
8000 S ol N _ B €h . S - §§ 3 where approximately located, dotted where concealed Quadrant Quartzite—Described bﬂog} . biotite (4-7 percent). Porphyritic and foliated near contact
= T Ew — Jda _—-1 i . . - ; adrant ite (Pen i -Or , thi , Vi A i —Medium-grained, idi i , equi
ol o 2! > SunclineSving s of vl srfoce et of e Trceof s e G T G e g g O e s
6000 ‘ = where approximately located, do dolomite occur in lower part. Thickness about 45 m ‘ essential plagioclase (43 percent), quartz (24 percent), and potassium feldspar (19 per-
= 5000 L 1500 - Strike and dip of beds Snowcrest Range Group (Early Pennsylvanian and Late Mississippian)—Red, reddish- cent), and varietal hornblende (8 percent) and biotite (6 percent). Present in the northern
TR 3 - — Inclined gray, and purplish-gray shale, pinkish-gray and tan siltstone, tan- and pinkish-weathering part of the map area
2 pise 75 o d dolomite, and gray limestone. Locally has a red or yellow argillaceous, dolomitic breccia Scratch Gravel Hills stock (Late or Early? Cretaceous)—Fine- and medium-grained,
7 3000 = verturne at base. Thickness about 40 m allotriomorphic gabbronorite and medium-grained, porphyritic augite quartz monzonite
| ‘ , _ . ( (C =1~ ‘ , A > 37 152 SN ) Al NI 22N g W ‘ = /7 ey, : . = / A 2000 e & Hetizontal Madison Group (Late and Early Mississippian)—Upper part is gray, thickly bedded, laminated and monzonite. Gabbronorite composed of plagioclase (about 66 percent) and augite (about
48 ]21520 = 112°15° 1000 500 and cross-laminated biosparite, biomicrite, and micrite. Lower part is thinly bedded 33 percent). Augite quartz monzonite and monzonite composed mostly of plagioclase,
B Strike and dip of flow foliation in volcanic rocks limestone that contains scattered dark-gray, black, and brown chert nodules and lenses. microperthite, augite, hornblende, and minor biotite. Gabbronorite stock is older than
SEA LEVEL —SEA LEVEL HQ79-1 Upper part is probably Mission Canyon Limestone, and lower part is probably Lodgepole augite quartz monzonite and monzonite
1000 ] Sample locality for isotopic age determination—Showing sample number Limestone. Maximum thickness about 450 m - Gabbro, gabbronorite, and microgabbro (Late Proterozoic)—Porphyritic and nonporphyritic
L 500 TKms .. o ) ) ) ‘Three Forks Formation (Early Mississippian and Late Devonian)—Gray, greenish-gray, - : mafic dikes and sills. Commonly have diabasic texture. Composition variable, but gab-
2000 —— Dike—Mafic dike of probable Tertiary or Cretaceous age in Threemile Creek about 15 km yellowish-gray, and brownish-gray shale, siltstone, argillaceous limestone, and minor sand- bro and gabbronorite are most common. Diorite is rare. Occurs in eastern part of study area
3000 -2 L000 northwest of Helena, Mont.
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