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Contacts, Faults, and

commonly parallels mineral compositional layering. Metamorphic lineations represent mineral alignment,

thickness exceeds 400 m (1,313 ft).

CORRELATION CHART LOCATION AND PHYSIOGRAPHIC SETTING Iron formation, Christensen Ranch Metasedimentary Suite (Early Proterozoic or Late REFERENCES
112° 30" 00" 27'30" 25'00" R7W R6W 112° 22" 30" Archean)—Black to dark gray iron formation that creates resistant ridges locally but more B . s ) . .
° 15 ()" , o A1 A" ) ) i . . . . . . : . . . . . erg, R.B., 1979, Talc and chlorite deposits in Montana: Montana Bureau of Mines and Geology Memoir 45, 66 p.,
45715700° 1 Pl G ] 45° 15'00 Alluvial Deposits Ma;:;’(‘)’:ﬁgng Hy‘ggg:)‘:ri["a' The Christensen Ranch 7.5’ quadrangle is located in Beaverhead and Madison Counties, approximately 16 commonly weathers to recessive, reddish brown soils. Typically occurs as a dark, high-density & 3 sheets. P & P
§ \‘. o at a Quaterna km (10 mi) east—southeast of Dillon, Montana. The map area covers parts of the Sweetwater Hills and rock composed of layered magnetite and quartz that is commonly discontinuous and complexly Brennan, D.T., Parker, S., Mosolf, J.G., and Kylander-Clark, A., 2025, U-Pb geochronology data from rock samples
a Qafo s QTsi v Beaverhead Valley near the southern terminus of the Ruby Range (fig. 1). The Sweetwater Hills are folded. Beds range in thickness from less than 0.3 m (1 ft) up to 10 m (33 ft) thick and are collected in western Montana, 2023-2024: Montana Bureau of Mines and Geology Analytical Dataset 16.
) ) characterized by hilly and rugged upland terrain covered by a mix of grassland and sagebrush steppes, commonly intercalated with mica schist and quartzite but can also be found within dolomitic Carrapa, B., DeCelles, P.G., and Romero, M., 2019, Early inception of the Laramide orogeny in southwestern
' ! with some tracts of coniferous woodlands. The exposure of the bedrock geology and overlying marble. Layered structure gives the unit a streaky or gneissic appearance. Occurs at multiple Montana and northern Wyoming: Implications for models of flat-slab subduction: Journal of Geophysical
Bozeman Group unconsolidated Tertiary—Quaternary deposits is generally good to excellent. The map area spans a drainage structural levels throughout the Christensen Ranch Metasedimentary Suite. The structural Research: Solid Earth, v. 124, p. 2102-2123. _ _
Pliocene(?) } Tertiary divide separating Sweetwater and Stone creeks, which flow to the Jefferson River basin. Elevations range thickness exceeds 400 m (1,300 ft). Cramer, M., 2015, Proterozoic tectonometamorphic evolution of the Ruby Range, SW Montana, USA: Insights from
Miocene from 1,765 m (5,790 ft) along Blacktail Deer Creek to 2,588 m (8,490 ft) at Benson Peak. {)}?age elqzu(;hbrla modeling and in situ monazite petrochronology: Missoula, University of Montana, M.S.
. . . o e . esls, p-
XAcr | Christensen Ranch Metasedimentary Suite, undivided (Early Proterozoic or Late . . . e
PREVIOUS MAPPING Archean)—A complex sequence of marble, schist, and quartzite that is intercalated with gneiss Dahl, llj’rsé(’:;I?lz)?i’agﬁ?:fﬁ;%iigceSé%g?ﬁggu?ﬁf::s;?nm&g; tzrﬁnggazxﬁiz;:fggii %Sgib;n?g% (1)21293
. , . . al'ld amphlboll‘fe. Variable exposure mjdde delineating the metaseshmentaty units challenging at Dahl, P.S., 1980, The thermal-compositional dependence of Fe?*-Mg distributions between coexisting garnet and
T The Christensen Ranch 7.5" quadrangle is covered by small-scale mapping by Ruppel and others (1993, 1:24,000 scale; therefore, the metasediments were mapped as a single unit (XAcr). See James pyroxene-applications to geothermometry: American Mineralogist, v. 65, p. 854-866.
}PFOtefOZO'C scale 1:250,000) and Klepper (1950, scale 1:250,000). Large-scale mapping by Okuma (1971, scale (1990) and Qkuma (1971) f(?r dejcalled mapping of the sqbumts. Prev1pus U-Pb monazite dating of Dahl, P.S., and Friberg, L.M., 1980, The occurrence and chemistry of epidote-clinozoisites in mafic gneisses from
N 1:24,000) and James (1990, scale 1:24,000) covered the southeast part of the quadrangle and was focused schist, amphibolite, and gneiss yielded peak metamorphic ages spanning approximately 1.81-1.75 the Ruby Range, southwestern Montana: University of Wyoming Contributions to Geology, v. 18, no. 2, p.
on the metamorphic rocks. Petrological and mapping studies of the Precambrian basement rocks outside Ga (Jones, 2008; Cramer, 2015). 77-82.
the Christensen Ranch quadrangle were done by Garihan (1979a,b), Karasevich (1980), Dahl (1979, Desmarais, N.R., 1981, Metamorphosed Precambrian ultramafic rocks in the Ruby Range, Montana: Precambrian
. 1980), Dahl and Friberg (1980), and Desmarais (1981). The region’s Tertiary stratigraphic framework is Undifferentiated metasedimentary rocks (Late Archean or Early Proterozoic)—Complex Resear'ch, v. 16, p. 67—1'01- ) '
Proterozoic summarized by Thomas and Sears (2020), Vuke (2020), and references therein. assemblage of quartz-mica schist and quartzose gneiss; calc-silicate gneiss and schist; and ESRI, 2024, "World_Imagery" [basemap], scale not given, available at:
%Ahristenser? Rgnch > Precambrian METHODS antlh()p,?yuiﬁe schist (110;311}, iﬁtertc;llated with am]Iw)llll'ibgite anl?k?luartZite' Generally recessive 121312)2:]//serV1ces.arcglsonhne.corn/ArcGIS/rest/serv1ces/Wor1d_Imagery/MapServer. [Accessed June 17th,
t ic Suit . . . : . .
i )I(CAC:" c and not well expose oughout the map area 1CKNESs unknown Fritz, W.J., and Sears, J.W., 1993, Tectonics of the Yellowstone hotspot wake in southwestern Montana: Geology, v.
. . . . . 21, p. 427-430.
J Geologic Mapping Marble (theArcheql? to Early Proterozow) —White, gray, orange-brown, medium t‘? coar'sely Fritz, W.J., Sears, J.W., McDowell, R.J., and Wampler, J.M., 2007, Cenozoic volcanic rocks of southwestern
Dillon Gneiss crystalline dolomitic and calcitic marble that forms outcrops commonly covered with bright Montana: Northwest Geology, v. 36, p. 91-110.
Adg Archean Field rr_1apping was condqcted over approximately 3.5 months in' 2023 for tl}e STATEMAP component of orange lichen. Contains light—colored diops'ide, tremolite, a{ld'scarce graphite; conspicuous Garihan, J.M., 1979a, Geology and structure of the central Ruby Range, Madison County, Montana Summary:
) the United States Geological Survey (USGS) National Cooperative Geologic Mapping Program dark green blebs of serpentine and phlogopite are characteristic of some intervals. Marble Geological Society of America Bulletin, Part I, v. 90, no. 4, p. 323-326.
(NCGMP). A 1:24,000-scale topographic base was utilized for field mapping, and geologic contacts were forms massive- to well-foliated successions that appear conformable; however, the original Garihan, J.M., 1979b, Geology and structure of the central Ruby Range, Madison County, Montana: Geological
refined using high-resolution satellite imagery (ESM, 2024) agd 2024 USGS 3DEP lidar data. Structure stratigraphic order has likely been disrupted by bedding-plane faults gnd possible nappe _ Society of America Bulletin, Part II, v. 90, p. 695-788. '
and observational data were located and measured with a traditional hand transit and an Apple iPhone 14. development. In the southern part of the map area, marble layers are isoclinally folded into the Gavillot, Y.G., Parker, S.D., and Pearson, D.M., 2024, Geologic map of the Beaverhead Rock SE 7.5" quadrangle,
Additional data were compiled from James (1990). Metamorphic foliations represent all types of older gneissic assemblages. Thicker intervals of pure marble are dominantly dolomitic in Madison county, Montana: Montana Bureau of Mines and Geology Geologic Map 101, 1 sheet, scale
MAP SYMBOLS recognizable surfaces of metamorphic origin. In gneiss and metasedimentary rocks, the foliation composition and commonly host talc deposits occurring as seams and pods. Structural 1:24,000.

Harms, T.A., and Baldwin, J.A., 2020, Paleoproterozoic geology of Montana, in Metesh, J.J., and Vuke, S., eds.:
Montana Bureau of Mines and Geology Special Publication 122: Geology of Montana—Geologic History, v.

Structure Lines Accurate Approximate Concealed  Inferred fold axes, and the intersection of foliation planes. Igneous foliations are surfaces formed by mineral 1, 65 p.. available at http-//www.mbmg mtech edu/pubs/GeologyofMontana/
alignment in the groundmass. Field sheets were scanned and georegistered in GIS software. The geologic - Granite Gneiss (Late Archean)—Brown, medium-grained, moderately well-foliated rock Heinrich. E.W.. 1960. Geolo gy' of the Ruby Mountains and nea rby areas in southwestern Montana, in Pre-Beltian
Contact T T T data were subsequently digitized to the Geologic Map Schema (GeMS) geodatabase required by the composed of finely perthitic microcline, plagioclase, and quartz, with lesser biotite and green ge(’)lo.gy'Z)f the ,Cherry Creek and Ruby Mountains areas, southwestern Montana: Montana Bureau of Mines
Fault—unspecified orientation | oo NCGMP. Structure data and geologic contacts were compiled from Okuma (1971) and James (1990). hornblende. Accessory minerals include apatite, allanite, magnetite, zircon, and garnet. The and Geology Memoir 38, p. 31-62.
or sense of slip I - - granit'e gneiss appears to be developed in or engulfing quartzi.te—bearing strata along the range Heinrich, E.W., 1963, Paragenesis of clinohumite and associated minerals from Wolf Creek, Montana: American
Normal fault—Ball and bar on Whole-Rock Element Chemistry and U-Pb Geochronology front in the sou'thwest' part pf th; map area. Locally, the rock is strqngly sheared and mylonitic, Mineralogist, v. 48, p. 597-613. . _
downthrown block P TTTT otherwise physically indistinguishable from older quartzofeldspathic gneisses. The age of the James, H.L., 1990, Precambrian geology and bedded iron deposits of the southwestern Ruby Range, Montana: U.S.

Rock samples for whole-rock geochemistry and U-Pb geochronology were processed at the MBMG

gneiss is not constrained but is considered age equivalent to the other gneiss units (James, 1990).

Geological Survey Professional Paper 1495, p. 1-39.

Strike-slip fault, left-lateral offset - P mineral separation laboratory. A 100- to 200-g split of the crushed material was prepared for bulk-rock Thickness unknown. Jones, C.L., 2008, U-Pb geochronology of monazite and zircon in Precambrian metamorphic rocks from the Ruby
—Arrows show relative motion = = geochemical analysis and analyzed by X-ray fluorescence (XRF) and inductively coupled plasma mass %ar}ge, Stwll\\/l/[céntglna:. Delzclg)hermg geological events that shaped the NW Wyoming province: Kent, Kent State
¢ * spectrometry at the Peter Hooper GeoAnalytical Lab, Washington State University. Zircon was isolated Dillon Gneiss (Archean)—Gray to reddish brown, massive- to well-foliated, medium- to TUVETSIY, V7.5 L1CSIS, 117 P- . .
Synform from rock and sediment samples using standard density and magnetic separation techniques at the MBMG Adg coarse-grained, locally garnetiferous gneiss of granitic composition that typically forms large, Karas?\‘//[frlllt’aii’Hlagrfi%blslfu?;isfl@iﬁ%ﬁf&{?ﬁiiﬁ?ﬁoﬁzc tﬁ::sli(ss (if7t2he northern Ruby Range, southwestern
E = Identity or existence questionable mineral separation laboratory and anquze'd by laser‘ abla_tion inductively coupled plasma mass rounded outcrops. Potassium feldspar is the most abugdant minere}l, intergrown wijch pligoclase Klepper, M.R., 19 50, Ge oig(; gic re C}(I) nnaissance of parts o fy},a caverhead and Nf) adison countic 5. Montana: U.S.
XAdiy arge arrowhead indicates direction of plunge spectrometry (LA-ICPMS) at the University of California, Santa Barbara. and quartz in nearly equal proportions. 'Subordm.ate mineral cons‘Fltuents 1r}clude biotite, ' Geological Survey Bulletin 969-C, p. 55-85, scale 1:250,000.
12' 30" &/ 70|12 30" muscovite, garnet, and fibrous sillimanite. Massive to weakly foliated gneiss often grades into a Lane, E.W., 1947, Report of the subcommittee on sediment terminology: Transactions of the American Geophysical
23 . . . . . Bulk-rock major and trace element geochemical data are plotted in figure 2 (see Mosolf and others, in strongly banded gneiss with a greater abundance of darker minerals, including biotite, garnet, and Union, v. 28, no. 6, p. 936-938.
X Inclined bedding, showing strike and dip review). U-Pb age spectra are plotted in figure 3 and interpretative ages are provided in table 1. The occasional hornblende. The Dillon Gneiss includes subordinate layers and pods of amphibolite, Le Bas, M.J., and Streckeisen, A.L., 1991, The IUGS systematics of igneous rocks: Journal of the Geological
34 complete U-Pb zircon datasets and analytical methods are reported in Mosolf and others (2023) and narrow ribbons of infolded marble, thin layers of pelitic gneisses and schists, and ultramafic rock. Society of London, v. 148, p. 825-833.
' Inclined metamorphic foliation, showing strike and dip Brennan and others (2025). Originally named the “Dillon Granite Gneiss” (Heinrich, 1960) and subsequently referred to as Le Bas, M.J., LeMaitre, R.W., Streckeisen, A., and Zanettin, B., 1986, A chemical classification of volcanic rocks
w _ o _ _ “Quartzofeldspathic Gneiss” by James (1990). Stotter (2019) suggested the assemblage be 'based on the total alkali silica diagram: Journal of Petrology, v. 27, p. 745-750. .
Vertical metamorphic foliation, showing strike DESCRIPTION OF THE MAP UNITS renamed the “Dillon Gneiss,” which is the name adopted on this map. U-Pb zircon dating yielded Marvin, Rt}f, V\?er, Il\(/IL,t Mehilert,h H.E.\;van? Mcirgltt, \1/7, 129074, K-Ar ages of selected Tertiary igneous rocks in
5 L : : southwestern iviontana: 1SoOChro est, v. , P —zU.
\ Inclined metamorphic lineation, showing bearing and plunge The Christensen Ranch geologic map shows rock units exposed at the surface or overlain by thin surficial a minimum emplacement age of approximately 2.74 Ga (fig. 3, table 1) in the map area. Mosollft\";I J.G., 2025, Geologic_ map of the Elk Gulch 7.5' quadrangle, Beaverhead a.nd Madison counties, Montana:
. . . . . . ontana Bureau of Mines and Geology Geologic Map 108, 1 sheet, scale 1:24,000.
deposits. Surficial sedimentary and mass movement deposits are'shown where they are thmk and extensive Mosolf, J.G., and Kylander-Clark, A., 2023, U-Pb geochronology data from rock samples collected in the Dillon,
Sample Locations Dike, Sill, or Layer Small Rock Body enough to be mapped at 1524,900 sca!e. Igneous and metamorphic rocks are C1?551ﬁed using the_ STRUCTURAL GEOLOGY Hamilton, Philipsburg, Townsend, and Wisdom 30’ x 60" quadrangles, western Montana, 2020-2021: Montana
International Union of Geological Sciences nomenclature (Le Bas and Streckeisen, 1991; Schmid and Bureau of Mines and Geology Analytical Dataset 3.
JM23CR04 Yd @ XAtp others, 2007). Minerals in igneous and metamorphic rock units are listed in order of decreasing abundance. Precambrian Deformation Mosolf, J.G., and Sears, J., 2024, Geologic map of the Red Canyon 7.5’ quadrangle, Beaverhead and Madison
e  Whole-rock geochemistry — XAtp @ XAp Grain size classification of unconsolidated and consolidated sediment is based on the Wentworth scale counties, Montana: Montana Bureau of Mines and Geology Geologic Map 95, 1 sheet, scale 1:24,000.
A U-Pb h | — XAp O XAum (Lane, 1947). Multiple lithologies within a rock unit are listed in order of decreasing abundance. A penetrative foliation is generally parallel to compositional and migmatic layering (fig. 5A), and appears Mosolf, J.G., Brennan, D.T., Elliott, C.G., Parker, S., and Salazar, R., in review, Major oxide and trace element
-~b geochronology ——— XAum to be penetrative across the Dillon Gneiss and Christensen Ranch Metasedimentary Suite assemblages. analyses of rock samples collected in the Dillon and Wisdom 30" x 60" quadrangles, southwest Montana:
JM23CRO1 —_— XACi Quaternary-Tertiary Sedimentary Deposits Prevalent isoclinal folding is generally axial planar to the main metamorphic foliation and plunges Montana Bureau of Mines and Geology Analytical Dataset. ,
27£0.1Ma Ag northeasterly, paralleling mineral and intersection lineations (fig. 5B). Early folding and the primary Okuma, A.F., 1971, Structure of the Southwestern Ruby Range near Dillon, MT: Harrisburg, State College,
Older Quaternary alluvial fans (Qafo) and debris flow deposits (QTdf) rest on poorly consolidated Tertiary metamorphic foliation were subsequently deformed by at least two generations of folds, including the o Pennsylvania State University, Ph.D. dissertation, 122 p. . . .
. . i . . . . . . . stenaa, D., and Wood, C., 1990, Seismotectonic study for Clark Canyon Dam, Pick-Sloan Missouri Basin Program,
sedimentary deposits along ‘the western range front. Siliceous hydr(')thermal'deposus (QTsi) f:01nc1de with map-scale Dillon synform. Several northwest-trending fault systems transect the quadrangle, comprising Montana: U.S. Bureau of Reclamation Seismotectonic Report 90-4, 78 p., 1 pl.
the Carper Creek fault, poss1b1y postdating fault movement. Extenswe alluvial stream deposits (Qal) have the Hoffman Gulch and Carter Crgek faults'. Both were active in Precambrian time ‘w1th lf:ft—lateral Parker, .D., and Gavillot, Y.G., 2024, Geologic map of the Laurin Cany(;n 7. 5',quadrangle, Madison County,
formed in stream ca@chments in the Sweetwater Hills, including Hoffman, Carter', Bachelor, an_d Stone displacements up to 1.3 km (0.8 mi). Shearing and mylonization of Archean granitic gneiss (Ag) records Montana: Montana Bureau of Mines and Geology Geologic Map 98, 1 sheet, scale 1:24,000.
Location Map creeks. Small landslide deposits (Qls) occur throughout the map area. A substantial open cut pit and tectonic deformation as early as 2.7 Ga (James, 1990). Weakly deformed pegmatite (XAp and XAtp) Ruppel, E.T., O'Neill, J.M., and Lopez, D.A., 1993, Geologic map of the Dillon 1° x 2° quadrangle, Idaho and
" _ne e o o e associated tailings (m) associated with the Regal Mine occur along the Sweetwater Road in the central part suggests early Precambrian deformation continued in the Early Proterozoic(?). Diabase dikes (Yd) Montana: U.S. Geological Survey Miscellaneous Investigations Series Map [-1803-H, scale 1:250,000.
I L] ) | | of the map area; talc mining was active at the time of this study. generally crosscut the older deformational fabrics and structures, constraining early Precambrian Schmid, R., Fettes, D., Harte, B., Davis E., and Desmons, J. A., 2007, Systematic nomenclature for metamorphic
\ O m "TANA o deformation and metamorphism before approximately 1.7-1.4 Ga. Previously published geochronology rsockS: L. HOWftlc\>/I name a r}r:etalr{norlfhic roizkisec%mme;dations by thekH[JAGS Subgolidnmi;sgoorlz g? the
NI 7(;‘,“.“.“{% T B NN i inino— i B ; ; ilings. ages (e.g., Jones, 2008; Cramer, 2015; Harms and Baldwin, 2020) and U-Pb zircon data from this study Systematics of Metamorphic Rocks, available at https:/www.bgs.ac.uk [Accessed March :
O\@éo & Q,e?;\igt& 3 JMi;mL ] ‘F ml 1 ) \W m Land modified by mining—Land disturbed by open-cut talc mine and associated tailings (fig. 3) generally support field relationships, recording magmatic and tectonothermal activity ca. 2.8-2.7 Schmidt, g} I, 'f[md (g/i‘“}{[ana J ML’ 19%?,}gramgiét§cto;w dgve-l?{pmlfntl\j[)f thi Rogky IM(Zlulrt)ltal'n foreéandl (;tf .
s <€ Mg Dl e ‘ 1 | - '\ Alluvium (Quaternary: Hqlocene)—Unconsolidated, poorly sorted cobbles, gravel, sand, and Ga; 2.5-2.4 Ga (Beaverhead/Tendoy orogeny); and 1.8—1.7 Ga (Big Sky orogeny). ;’;kyﬁ :Jﬁtai 1?111\ :;l:éig}dogvglg Cieéldgailglt . pl.‘lgg’l—'z’;il .s.. ocky Mountain foreland basins and uplifts:
o ,‘\rf N é NBuitey” m‘mm | T e silt along Stone Creek and tributary drainages. Thickness as much as 10 m (33 ft). . . Stickney, M.C., and Bartholomew, M.J., 1987, Seismicity and late Quaternary faulting of the northern Basin and
g | LS| S YN e Bmmgl g W I R \ Cordilleran Thrust Belt Deformation Range province, Montana and Idaho: Bulletin of the Seismological Society of America, v. 77, p. 1602—1625.
L% o2 [©) = | i ‘ R R . . . . e .
© \ - O I O P Alluvial fan deposit (Quaternary: Holocene and Pleistocene?)—Unconsolidated, poorly sorted ) ) ) ) Stickney, M.C., Haller, K.M., and Machette, M.N., 2000, Quaternary faults and seismicity in Western Montana:
5 N \ ;‘J\':—m ; 100 Miles cobbles, gravel, sand, and silt forming a fan-shaped deposit in the southern part of the map area. Paleozoic—Mesozoic strata that unconformably rest on the crystalline basemeqt in the northern Ruby Montana Bureau of Mines and Geology Special Publication 114, 1 sheet, scale 1:750,000.
Ryt Q%é‘ Q~°°°° M ! - Thickness as much as 30 m (100 ft). Range were defprmed by Late Cretaceous folds and faults (Tysdal, 1976; G?VIHO'[ and others, 2024; Stotter, S.V., 2019, Determining the Precambrian structure and thermotectonic evolution of the central Ruby Range,
kel © i 160 0 160 Kilometers Parker and Gavillot, 2024). In the southern part of the range, the Phanerozoic cover was exhumed and southwest Montana: Missoula, University of Montana, M.S. thesis, 78 p.

S Landslide deposit (Quaternary: Holocene and Pleistocene?)—Unstratified, poorly sorted rock completely eroded during crustal shortening, exposing the Precambrian basement rocks in the Christensen Sun, S.S., and McDonough, W.F., 1989, Chemical and isotope systematics of oceanic basalts: Implications for
T7sAWRA |/ LN XA T7S fragments deposited by slumps, slides, rock falls, and debris flows. Typically characterized by Ranch quadrangle. Cordilleran structures were not readily identified in the map area, but the older mantle composition and processes, in Saunders, A.D., and Norry, M.J., eds., Magmatism in the ocean basins:
Tes W o T Teoer - 6s hummocky topography, subdued landslide scarps, and rock talus. Variable thickness, generally northwest-striking Precambrian faults were possibly reactivated as contractional structures during crustal Geological Society, London, Special Publications, v. 42, p. 313-345. _ o

W T less than 30 m (100 ft)., ’ ’ shortening. Low-temperature thermochronology data from the northern part of the Ruby Range suggest Thomas, R.C., and Sears, J.W., 2020, Middle Miocene through Phocer;e sedimentation and tectonics in Montana: A
that rapid cooling and inferred tectonic exhumation of the basement rocks were underway by record of the'outbreak and passage gf the Ye;lloyvstone Hotspot, in Metesh, J.J., and Vul.«:, S., eds.: Montana
. . . - . : ly 80 Ma (Carrapa and others, 2019). Bureau of Mines and Geology Special Publication 122: Geology of Montana—Geologic History, v. 1, 25 p.,
Alluvial fan deposit, older (Pleistocene)—Unconsolidated, poorly sorted, cobbles, gravel, sand, approximately available at http://www.mbmg.mtech.edu/pubs/GeologyofMontana/
and silt forming broad incised surfaces along the range front above the level of modern streams. . . . Tysdal, R.G., 1976, Geologic map of the northern part of Ruby Range, Madison County, Montana: U.S. Geological
Deposited as coalescent alluvial fan channels and debris flow fans. Variable thickness, with a Cenozoic Extensional Deformation Survey, Miscellaneous Investigations Series Map 1-951, scale 1:24,000.
maximum of at least 10 m (30 ft). ' ) Underwood, S.J., Childs, J.F., Walby, C.P., Lynn, H.B., Wall, Z.S., Cerino, M.T., and Bartlett, E., 2014, The
Northwes't—trend'lng faults br'eak the Ruby Rapge nto struct‘ural bloqks that haV§ a prolonged Yellowstone and Regal talc mines and their geologic setting in southwestern Montana in Shaw, A., and Tikoff,
ot ' 00" Debris-flow deposit (Pleistocene? and Miocene?)—Poorly sorted gravel and sand with angular deformational history spanning the Precambrian to Cenozoic (Schmidt and Garihan, 1983; James, 1990). B., Exploring the Northern Rocky Mountains: Geological Society of America Field Guide 37, p. 161-187,
et e to subrounded cobbles and boulders up to 3 m (10 ft) in length. Clasts are predominantly Archean Several of the faults were extensionally reactivated in the Ruby Range during Tertiary time and have https://doi.org/10.1130/2014.0037(08).
crystalline basement rock. Interpreted to be debris flow deposits formed on a slope dipping gently rf‘:l'ne'lined'active to the Quaternary (e.g., Stickney and Bartholomew, 1987): Extensive hydrothermal Vuke, S.M., 2020, T.he Eocene through early Miocene sedimentary record in western Montana, in Metesh, J.J., and
to the northwest away from the range front. Thickness up to 10 m (30 ft). silicification has occurred along the Carter Creek fault during or after Tertiary—Quaternary movement on Vuke, S., eds.: Montana Bureau of Mines and Geology Special Publication 122: Geology of
Armstead the fault. The Hoffman Gulch and Carter Creek faults appear structurally linked to the Sweetwater fault . Montana—Geologic History, v. 1’38 p-, available at http:// “iw"‘,’-mbmg-rfnt“h-edu{ pubs/ GeologyofMo?tar}a/
i QTsi | Siliceous hydrothermal deposits (Quaternary and Pliocene?)—Brown masses of jasperoid up (Mosolf and Sears, 2024), which is assumed to be Quaternary-active with a poorly constrained fault slip Vuke, :ﬁﬁ%:ocigg gé\z'(; glzgr;r/}ag)lgz P pI"Og lelegsAsci? eozz’s(ggooggfc map of Montana: Montana Bureau of Mines
S to 400 m (1,300 ft) wide coinciding with the Carter Creek fault zone. rate of approx1m.atel'y 0.03-0.04 mm/yr (0.001-0.002 in/yr; Stickney and Bartholomew, 1987; Ostenaa Wooden, J.L., Vitaliano, C.J., Koehle,r, S.W.’, and Rag’land, P.C, 1’978, The late Precambrian mafic dikes in the
and Wood, 1990; Fritz and Sears, 1993). southern Tobacco Root Mountains, Montana: Geochemistry, Rb-Sr geochronology, and relationship to Belt
Tertiary Volcano-Sedimentary Deposits . . . tectonics: Canadian Journal of Earth Sciences, v. 15, p. 467-479.
The northeast-striking Ruby Range western border fault was previously mapped as a 24-mi-long (38 km)
Tertiary sedimentary deposits of the Sixmile Creek Formation (Bozeman Group) were mapped on the Quaternary fault with a poorly constrained slip estimate of <0.2 mm/yr, similar to other seismogenic ACKNOWLEDGMENTS
northwest flank of the Sweetwater Hills, unconformably overlying the Archean basement rocks and cut faults in southwest Montana (Stickney and others, 2000). The basement rocks appear truncated by the
by the Ruby Range western border fault. The poorly lithified deposits generally consist of interbedded fault but clear evidence of Quaternary displacement along the range front is not readily observable. Deep Amanda Rossi assisted field mapping and sample collection. Connie Thomson, Daniel Brennan, Stuart
Tertiary deposits tuffaceous sandstone and conglomerate beds (fig. 4A; Thomas and Sears, 2020). Scattered outcroppings incision and a lack of fault scarps formed in the Tertiary—Quaternary sedimentary deposits onlapping the Parker, and Ray Salazar performed mineral separations at the MBMG Mineral Separation Laboratory.
) [0 Precambrian basement of basalt in the northern part of the quadrangle (Tb) are possibly equivalent to the Timber Hill Basalt fault suggest 'that 11tt1§ displacement has occurred in the past 130,000 years (this map; Qavﬂlqt and others, Andrew Kylander-Clark supported LA-ICPMS analyses and data reduction at the University of
K G1ot Gion A ‘“ = member (approximately 6 Ma; Fritz and others, 2007), or a Pliocene basalt northeast of the map area 2024)- F ault Intersections are concealed by the Tert1ary—Quatemary cover, but recent seismicity California, Santa Barbara. Ashley and Arron Steiner directed bulk-rock geochemical analyses at the
¥t T ol W IIINE . i Ry <" (approximately 4 Ma; Marvin and others, 1974). immediately outside the quadrangle (M 4.1, 2024) suggests strike-slip movement has continued on the Washington State University Peter Hooper Geoanalytical Laboratory. Yann Gavillot and Stuart Parker
Figure 1. Location and physiographic setting of the map area. Geologic elements were modified northwest-trending faults, post-dating the Ruby Range western border fault. reviewed an early draft of the map report.
from Ruppel and others (1993), Vuke and others (2007), and mapping in this study. - Basalt, undivided (Miocene to Pliocene?)—Small outcroppings of aphanitic basalt containing
sparse olivine phenocrysts (<1 percent). Occurs as scattered outcrops in the northern half of the TALC DEPOSITS
quadrangle. Thickness unknown. A. Metamorphic foliations B. Metamorphic lineations
Talc deposits occur throughout the map area and have been mined sporadically for decades (Berg, 1979).
A AMR-23-CR02 | @ Sixmile Creek Formation (Miogene t.O Pliocene?)—Pale orange to gray, poorly consolidated, Talc and associated chlorite formed through hydrothermally driven, constant-volume replacement . N N :
12 Tephriphonlite AMR-23-CR-01 interbedded tuffaceous to quartz-rich silt, sand, gravel, and conglomerate. Conglomerate intervals of the dolomitic marbles in the Christensen Ranch Suite (XAcr; Underwood and others, 2014). Talc is
..... P are poorly §orted, massive to cross-bedded, clast- to ma}th-suppoﬂed with cpbbles a}nd boulders generally cryptocrystalline, varying from opaque to translucent, and its color ranges from white to pale
" Trachyte JM23CRO3 mostly derived from Archean basement rocks. Poorly lithified intervals consist of thin- to green or olive gray (James, 1990). Its contact with the country rock is typically sharp, forming elongated : o
Trachydacite thick-bedded, massive to cross-stratified silt, sand, and gravel with occasional tuff interbeds. The . . . .S . m ©)
,,,,,, ) unit is locally calcareous along the trace of the Ruby Range western border fault. The base is not bodies that parallel fgllatlon planes. The Regal Mme, fomerly known as ‘Fhe Keys‘Fone Mm‘e, is the site of 45°026
%‘ 10 exposed but estimated to be up to 305 m (1,000 ft) thick. A tuffaceous sequence near Guntner the largest talc l?ody in the map area anq was act}vely mined as an open pit at the ‘Flme of .thlS report. The
o Phonotephrite AMR-23-22 Place (section 28, T. 7 S., R 7 W.) yielded U-Pb zircon max depositional ages of 10.7 + 0.1 Ma Regal orebody is up to 60 m (200 ft) thick and dips 30-75° northward near the axis of a tightly refolded
§ 9 ‘ = and 10.5 £ 0.1 Ma (table 1). synform. A steeply dipping, northwest-trending brecciated fault zone bounds the eastern extent of the
g Trachyandesite AMR-23-26 main ore body (Berg, 1979). A near-vertical Proterozoic diabase dike (Yd) 18-30 m (60-100 ft) thick is
i;’, 8 u Precambrian Metamorphic and Intrusive Rocks exposed near the western end of the deposit and is the inferred heat source for the hydrothermal cells that
8 / JM23CRO1 ) ) ) ) . ) produced the orebody (Underwood and others, 2014).
T 7 Basalic The Ruby Range is underlain by three belts of Precambrian metamorphic rock, including the Elk Gulch
o(% Trachyandesite _ Suite, the Dillon Gneiss, and the Christensen Ranch Metasedimentary Suite. The Elk Gulch Suite is not
z . Rhyolite exposed in the map area, but is assumed to be the structurally deepest metamorphic assemblage in the
Trachybasall, " M22CRO4 region, consisting of gneiss, migmatite, and amphibolite. Minimum emplacement ages of gneissic
5 Dacite intervqls span approximately 2.79-2.72 Ga in the south-adjacent .Elk Gulch quadrangle (MOSOIf’ 202.5)' Figure 5. Stereonet plots of metamorphic lineation and foliation data. (A) Metamorphic
AMR-23-24 Rasaltic ATb < XAam g&iﬁ?&?ﬁggﬁﬁ(xg rﬁi’;ﬁ;éﬁ:;ﬁ ?nfettgzi?;iri:?ffn?:i;artrilgrsltsly;ﬁ:s;\é?;?;iogaeg:gc%ga:rlgc fglia’Fion data plotted as polles to planes. A qylindrical best. of the data yielded a plane
. Andesite dvd [ ag enriched in incompatible el ts with mini 1 ¢ £ 2 825G ) dipping to the southwest with a corresponding pole plunging 45° to the northeast (black
patible elements with minimum emplacement ages of 2.8-2.5 Ga (figs. 2, 3; Mosolf, box), interpreted to be the general axis of folding in the map area. (B) Metamorphic
AMR_%_M AMR-23-25 ® xap [ Adg 2025). The Elk Gulch Suite and Dillon Gneiss are difficult to differentiate in the field; the former tends to i , IETP g - g map L o P
. . . . . . . ineation data. The mean vector is represented by a white circle plunging 46° to the
i — e 31 Basalt AMR-23-23 ® xap be more mafic apd richer in plagioclase (Garihan, .1 9790). The Chpsjcensgn Ranch. Metasedlmentary Suite northeast, similar to the fold axis in (A). The lineation and foliation data are plotted on
" Qafy e N 75 80 52 54 %6 58 60 62 & 6 e 10 72 7 7o (XAcr; .ﬁg'. 4B) is a complex sequence of metasedimentary rock @stmgmshed by 1n§ertongu1ng marble lower-hemisphere projection, equal-area stereonets and fit with a Kamb contours.
Z0 | | e S . A . ) and schist intervals assumed to be younger than the Elk Gulch Suite and Dillon Gneiss (James, 1990).
45° 07" 30" L——— — - 45° 07" 30" SiOz (weight percent) Complexly deformed iron formation (XAci; fig. 4C) occurs at several structural levels in the
1127 3000" 2500 R7TWR6W 127 22'30° B metasedimentary sequence. Amphibolite (XAam) screens and sheets are interleaved throughout the
Chrctonten Ranch 1:4,000-scale quacrangie map " m 1 SORLE O e Bhoations Offe Pegmatte (X Ap and XApt) and ultamatic ock (X Aum) fnrude the older Precambrian tocks ocally
ristensen Ranch 1:24,000-scale quadrangle map : ublications Office .
Control by: USGS and USC&GC 1000 0 1000 2000 23000 4000 5000 5000 7000 FEET Montana Bureau of Mines and Geology 1000 Northwest-striking diabase dikes generally crosscut the basement metamorphic fabrics and parallel Table 1. U-Pb zircon geochronology.
Compiled from aerial photographs taken 1960 1211 = - : ! : ! : ! 1 1300 West Park Street ' northwest-striking fractures and faults. . -
Field checked: 1961 o TATMILS s 0 1 KILOMETER Butte, Montana 59701-8997 sample  Lithology unit Lafitude Longitude #Spot .y Age oo
Projection: Polyconic . . TgmMILS CONTOUR INTERVAL 40 FEET Phone: (406) 496-4174 Diabase (Mesoproterozoic?)—Diabase dikes are approximately 1-30 m (3—100 ft) thick with N (W)  analyses (Ma)
\éi:tif:;gfg];g&n':??gggl,\?Oer?ﬁitr'ﬁe\:; gfigsxm of 1929 NATIONAL GEODETIC VERTICAL DATUM OF 1929 https://mbmg.mtech.edu § continuous lengths exceeding 8.5 km (5.3 mi). Diabase is recessive and weathers to spheroidal KM20CRO1 tuff Tsc 45.1933 -112.4650  16/35 WM 206/238 105 01 2.1
' UM GRID AND 2015 MAGNETIC NORTH EE 191 boulders, commonly creating topographic sags. The rock is frequently altered to secondary JM23CRO2 tuffaceous sandstone ~ Tsc 451933 -112.4646  26/120 MDA206/238 107 0.1 16
Shaded relief created from 10-meter digital elevation DECLINATION AT CENTER OF SHEET s minerals, but original diabasic and gabbroic textures are well preserved. Primary minerals appear JM23CRO3 tourmaline granite XAtp 45.1608 -112.4481  4/50 WM 207/206 1,882 47 2.6
model from U.S. Geological Survey National Elevation Dataset. S .\ ., to have been plagioclase and pyroxene, with minor amounts of quartz, magnetite, and ilmenite. JM23CRO1 quartzofeldspathic gneiss Adg 45.1617 -112.4031  30/60 MEA207/206 2,772 23 6.1
g \'\ 4‘:’ “‘-~ . Secondary minerals include actinolite, chloﬁte, and sericite. Wooden and others (1978) described Note. Zircon separates were prepared at MBMG and analyzed by LA-ICPMS at the University of California, Santa Barbara
g 1 the diabase in the Ruby Range as low potassium tholeiite with a whole-rock Rb-Sr age of 1.4 Ga. Latitudes and longitudes are in the 1984 World Geodetic Survey (WGS84) datum. See Mosolf and Kylander-Clark (2023)
S a g y y
S v 7 ~ \ and Brennan and others (in review) for full datasets and interpretations.
> - Tourmaline granite (Early Proterozoic (?) or Late Archean(?))—Small bodies of undeformed Method: MDA 206/238  max depositional age, weighted mean of youngest *Pb/*U dates
pegmatite up to 65 m (200 ft) wide consisting of interlocking grains of perthitic microcline, MEA 207/206 minimum emplacement age determined by weighted mean of oldest 2’Pb/?*Pb dates
—_— S . R X ! R R WM 206/238 weighted mean of select 2°°Pb/?%U dates interpreted to be emplacement age
1 () twmned‘ plagloclase‘ (ohgo?lase—alblte), and quartz, an variable amounts of dlagnostlc 2Numerator is the number of spots used for age calculation; the denominator is the total number of spots analyzed.
// / tourmaline. Pegmatite bodies are commonly zoned with a rose quartz core. Locally crosscut by PMSWD is the Mean Square Weighted Deviation.
{/ diabase dikes (James, 1990; Wooden and others, 1978). U-Pb zircon dating yielded a complex age
| spectrum with a maximum emplacement age of approximately 1.88 Ga, and a single crystal date
o of 1.12 Ga (fig. 3).
A Cross Section A=A A CRPIOVLR@ELFCCSILFT U X RPN VL EEL - Pegmatite sheets and dikes (Early Proterozoic (?) or Late Archean(?))—Pegmatite sheets and
_ _ o S dikes up to tens of meters wide with continuous lengths exceeding 1 km (0.6 mi). Typically
25004 Figure 2 Whole-rock geochemical data. (A) Total alkali silica qlasmﬁcatpn diagram of consist of coarse-grained alkali feldspar and quartz with minor amounts of albite—oligoclase and
- 8000 normalized values after Le Bas and others (1986). (B) Chondrite-normalized rare earth ® rare muscovite, tourmaline, and garnet. Most bodies show cataclastic deformation and are locally
element plot after Sun and McDonough (1989). Data are color coded by formation; plots foliated parallel to the country rock. Dike swarms were mapped as bodies over 300 m (984 ft)
share the legend in (A). wide and 3 km (1.9 mi) long.
- 7000
 2000- RUBY RANGE WESTERN DILLON SYNFORM R Phansrozoic | Broterozoic Archean Amphibolite ‘(Arcl!ean‘or Early Proterozoic)—Black and white, massive- to Well—foliated,
E BORDER FAULT Tsc = sheet-like bodies primarily composed of fine- to coarse-grained hornblende, plagioclase, and i
g - 6000 g [] KM20CRO1 quartz. Amphibolite occurs as two compositional varieties: gneiss containing 40—50 percent
E © Sixmile Creek Formation hornblende in alternating hornblende-rich and quartz—plagioclase-rich layers; or hornblendite with \/ I B \/ I G
@ o Tuff accessory plagioclase and quartz. The presence of garnet varies locally from approximately 0 to MONTANA BUREAD OF MINES AND GEOLOGY
g 15004 - 5000 _§ ™ 105 Ma h=35 25 percent. Amphibolite is intercalated with the other basement assemblages, ranging in size from
© e - -~ centimeter-scale lenses to sheets tens of meters thick.
o= o
S -4000 3 XIS Trreex -ormatjon Ultramafic rocks (Late Archean or Early Proterozoic)—Intrusive pods or lenses of ultramafic .
= - Tufacsapis Sandstong rock up to tens of meters wide (Heinrich, 1960, 1963). Ultramafic rock is dark green or black, Geologlc Map 110
1000 o 10.7 Ma _ o fine- to coarse-grained, and primarily massive to schistose. Weathering surfaces are commonly
- 3000 == - A=A n=96 studded with resistant poikilitic orthopyroxene grains up to a few centimeters in diameter.
(%] JM23CRO1 25Ga 27Ga Protolith rocks likely ranged from harzburgite to pyroxenite, but most occurrences have been . .
Dillon Gneiss modified extensively by serpentinization and post-emplacement metamorphism. GGOlogIC Map Of the ChI’l StCIlS cn
2000 Quartzofeldspathic Gneiss ’
No vertical exaggeration meters 1000 2000 3000 RanCh 7 . 5 Quadl‘angle,
Surficial units not shown feet :J 10|00 20|oo 3o|oo 40|oo 5o|oo 60I00 7oloo soloo 9o|oo 10,:300 &8 JM23CRO3 Southwe Stem Montana
Unit not exposed in map area but shown in cross-section: SCALE: 1:24,000 Tourmaline Granite
Tre Renova Formation (Bozeman Group) 11Ga ' = = .
A Figure 4. (A) Interbedded gravel and tuffaceous sandstone of the Tertiary Sixmile Creek Mapped and Complled by
Formation (Tsc) exposed in the Carter Creek drainage. (B) Layered and foliated dolomitic .
crrrprrrrpr e e marble of the Christensen Ranch Suite (XAcr). (C) Banded and folded quartzite and iron JGSSC G MOSOlf and Catherlne McDonald
0 400 800 1200 1600 2000 2400 2800 3200 3600 formation (XAci). Rock hammer for scale.
Age (Ma)

2025

Figure 3. Kernel density estimate (KDE) plots of the 2’Pb corrected 2*°Pb/2%U (<1,400 Ma) and
207pp/2%%Ph (>1,400 Ma) zircon age data. KDE bandwidths and bin widths are 20 m.y. A 20
percent discordance filter was applied to the data. Significant peaks and maximum depositional
ages are labeled.
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