MONTANA BUREAU OF MINES AND GEOLOGY
A Department of Montana Technological University

MBMG Geologic Map 98; Plate 1 of 1
Geologic Map of the Laurin Canyon 7.5’ Quadrangle, 2024

112° 15

12' 30"

10" i R5W R4W ] 112° 07' 30"

CORRELATION DIAGRAM

INTRODUCTION

Colluvium (Holocene)—Unconsolidated, subangular gravels with local boulders, deposited on
hillslopes as debris flows, rock falls, and mass movement. Thickness generally less than

Park Formation (middle Cambrian)—Green shale and rare brown to tan limestone pebble
conglomerate. Rarely crops out, and more commonly forms soft, recessive slopes of green to
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Inclined metamorphic or tectonic foliation—Showing strike and dip Mass (g) Correction (x10™"%) (x10° atoms/g SiO,)

places. Lower contact is placed below the lowest pure dolostone bed, and above the siliciclastic (cm)®
intervals. Upper contact is placed above highest dolostone bed, below the lowest slope of chippy

limestone or siltstone float. Likely Late Devonian in age, based on regional correlations (e.g.,

scenario forecast indicates a magnitude 6.6 earthquake is possible within the lower Ruby Valley
(https://earthquake.usgs.gov/scenarios/eventpage/mt2016montana_666_se/executive).

Vertical metamorphic or tectonic foliation—Showing strike Laurin Canyon fan: Qafy

45°22'30 ?— % = 45° 22' 30" o . The Laurin Canyon 7.5’ quadrangle encompasses the northeast-facing range front of the northern part of approximately 30 ft (10 m). maroon shale with gray-lavender to orange micrite, and rare red oncoid limestone float. Common Balco, G., Stone, J.O., Lifton, N.A., anci~ Dunﬂ)l, T.J .,d2206081, A complete an‘d easily accesmblehmearlls of calculating surface
= _,_‘_-:;f % S Qac Qls Qc Qaty N } olocene the Ruby Range, in Madison County, Montana (fig. 1). Much of the mountainous terrain within the detachment surface for landslides. Fossils collected in the quadrangle suggest a middle Cambrian Brennan el’;pofs,‘;i :rgess Br el\r/?g;g?fr?gs racl’lrg KBIZ ;‘ger_ C‘Alal‘rll:ezsuiim?elts'L(%l;’ell)teren(?é’l}l,rg}rfgli) m‘é‘;tzgfi’;:ﬁ i’)gk ISZ;‘H*IIES :
== A - | Qato | Qafo | arT . Quaternary quadrangle is part of the Ruby Mountains Wilderness Study Area, with elevations ranging from 9,391 ft Younger alluvial terrace (Holocene)}—Unconsolidated, poorly sorted to well-sorted gravel, age (Tysdal, 1970). Measured section just south of Laurin Peak is 197 ft (60 m) thick (Tysdal, ol di " the Dillon. Polson. d Wy dom 30" 66’ N dp pl’ g M gy2 022-2023: M P
— = _lgneousrocks e ipleftmf"e . (2,862 m) at Ruby Peak, t d 5,000 ft i sand, silt, and clay deposited as fluvial terraces along active channels. Thickness generally less 1970). collected in the Dillon, Polson, and Wisdom 30" x 60’ quadrangles, western Montana, : Montana
= Z 5 , y Peak, to around 5, (1,524 m) near the Ruby River. Lush wooded slopes of the » Silt, y dep g g y ) Bureau of Mines and Geology Analytical Dataset.
N\ Unconformity b G . northern part of the quadr angle have little to no running surface water due to the high permeability of the than 16 ft (5 m). . . ] ) . Bush, J.H., Thomas, R.C., and Pope, M.C., 2012, Sauk megasequence deposition in northeastern Washington, northern
’ 2 enozoic steeply dipping Paleozoic carbonate rocks. In contrast, open meadows of the southern part of the ) ) ) Meagher Fo.rmatl’on (mlddlg C?mbrlan)—Mottled red- ‘to tan-weathering sparry dolomlte‘m Idaho, and western Montana, in Derby, J.R., Fritz, R.D., Longacre, S.A., Morgan, W.A., and Sternbach, C.A.,
g Tsc Tertiary quadrangle contain flowing streams much of the year due to the impermeability of the underlying Qlder alluvial tenjace (Plelstocene)—Unconsphdated, poo‘rly sorted to Well-sqrted gravel, sand, gray fine-grained llme§tqne micrite, .and heavily reqrystalllzed dolostone packestones and ooid eds., The great American carbonate bank: The geology and economic resources of the Cambrian-Ordovician
/ A " high-grade metamorphic basement rocks. The Great Unconformity marks the contact between Paleozoic silt, and clay deposited as terraces associated with older fluvial to alluvial deposits of the Ruby grainstones. Characteristic mottled lime—dolostone intervals are more common in lower half. Sauk megasequence of Laurentia: American Association of Petroleum Geologists Memoirs, v. 98, p. 751-768.
;' = ' Unconformity sedimentary rocks and the underlying high-grade metamorphic basement rocks. Imbricated thrust sheets River that form surfaces elevated above younger fluvial terraces (Qaty). Thickness generally less Micrite laminations, ooids, pisoids, and mud chips common but difficult to see due to grainy Cramer, M., 2015, Proterozoic tectonometamorphic evolution of the Ruby Range, SW Montana, USA: Insights from
~ = . e s e repeat the Paleozoic stratigraphy above the Great Unconformity (lower contact of Flathead Formation), than approximately 30 ft (10 m). dolomite recrystallization of mud. Heavily bioturbated, including branching centimeter-scale phase equilibria modeling and in situ monazite petrochonology: Missoula, University of Montana, M.S. thesis,
= Kby while large fault blocks break the continuity of the underlying basement. Quaternary faulting associated burrows (twiggy forms of Tysdal, 1970). Bedding is commonly thin, wavy tabular, to meter-scale : 120 p., scale 1:24,000. . . —
¢ z Cretaceous with the Ruby Range northern border fault (fig. 1) controls the range front topography. Seismicity Older alluvial fan deposit (Pleistocene)}—Unconsolidated deposits of clay- to boulder-sized planar tabular with pronounced light and dark gray mottling. Lower part often forms talus slopes, di Pasquo, M., Grader, G.W., Warren, A., Rice, B., Isaacson, P., and Doughty, P.T., 2017, Palynologic delineation of the
\‘\\‘ I B = - ’.;7 W periodically occurs in the lower Ruby River Valley, near Sheridan and Laurin. The 2007 Mw 4.6 Sheridan angular to subangular clasts forming broad incised surfaces along modern drainages. Deposited as with upper part forming prominent cliff bands. Fossils collected in the quadrangle suggest a Dorob sz‘e‘Loniinfdcalsrlignllg‘irf"f Rzurgiar{i’ VGve(sjt'Cﬂ:it?l M.ontalr\l/?,A USS;};algfngl%gy, V. 41, no. }?1;\1). 1189;2210' dof
E“' neomormty earthquake damaged several masonry buildings, and occurred at a depth of 8.5 mi (13.6 km+0.4) on a coalescent alluvial fan channels and debris-flow fans along steep range fronts. Surfaces of these middle Cambrian age (Tysdal, 1970). The only complete, unfaulted section occurs south of Laurin orobe i\/lc')n';;mae;n, i I da‘l’10' l;zc';oni}’: V:rzu’s eﬁs t; t?::l . ffe(:;?‘nl?a nsids .,Geolo ,iczl glufvlfelgﬁfestsi; 3 21;‘[3er %ge;g 5;’
i Mk normal fault that dips about 55-65° northeast, possibly on the northern border fault (fig. 1; Stickney, depogits are.ele.vgted above younger alluvial fans and are steeper. A good exposure of a younger Peak, where the total thickness is 565 ft (172 m; Tysdal, 1970). Garihan. I M.. and Williams' K., 1976, Petrography, modal a‘nalyses and origin of Dillo}rll qua rtzo:fei dspz;tﬁic and )
% Unconformity } Mississippian 2022). A major historic earthquake in 1897, with an estimated intensity magnitude of ~5.6 but poorly alluvial fan Incising an oldpr alluV@l surface occurs south of Laurlr} Canyon (sec. 11 T. 6 S-, R.5 ) L ) ) ,pre—C,herry Creek gﬁeis’ses, R:lby Range, southwestern Montana: Northwest Geology, v. 5, p. 42-49.
\g.: Mmc constrained epicenter location (+ 50 km/30 mi), occurred in the vicinity of the northern Ruby Range W.). Variable thickness, with a maximum of at least 30 ft (10 m) thick where exposed but inferred Wolsey and Fla.thead formations, uqd1v1ded (middle Cambrian)— Harms, T.A., and Baldwin, J.A., 2023, Paleoproterozoic geology of SW Montana: Implications for the paleogeography of
E 7 (Stickney, 2022). to be up to about 300 ft (90 m) in the subsurface. Wolsey For matlon—Green, papery micaceous shale rarely outcrops, and more often forms the Wyoming craton and for the consolidation of Laurentia, in Whitmeyer, S.J., Williams, M.L., Kellett, D.A.,
by = ~ - — — - — — — — — | MDIst | — — { ' . ‘ swales with rare green chippy shale float. Internal contact between Flathead and Wolsey only and Tikoff, B., eds., Laurentia: Turning points in the evolution of a continent: Geological Society of America
) A f Unconformity PREVIOUS MAPPING AND METHODS Gravel (Pleistocene? to Mioceng?)—.Uncon‘sohdated deposits of cobble- to boulder-sized shoyvn whgre premsely known. Upper contact placed at base pf talus slope of lower Meagher. Memoirs, v. 220, p. 65-79. _ . _ . .
L \ = % Devonian subangular to angular clasts forming highly dissected weathered surfaces. These surfaces appear Variable thickness, with 47 ft (14 m) measured south of Laurin Peak (Tysdal, 1970). James, H.L., and Wier, K.L., 1961, Geologic map of the Kelly iron deposit, Madison County, Montana: U.S. Geological
\ = | > Paleozoic Early work in the quadrangle focused on mapping the iron deposits of the Kelly Mine in the 1960s, which as pediments on the older Sixmile Creek Formation (Tsc) or older Quaternary gravels. At least 30 Flathead Formation—Tan, orange- to red-weathering medium-grained quartz arenite. Ranges Survey Open-File Report OF-61-76, scale 1:2,400. _ .
\ -i:' I 7Unconform|tyi ] continued to receive attention for subsequent decades (James and Wier, 1961, 1972, scale 1:2,400; James, ft (10 m) thick. from fine to very coarse, sometimes micaceous or glauconitic, moderately to well-sorted with James, HIJIJ" and W[}eg %L’l 19.721 (S'}eologllf/l{napllc)fthe K;u}iérgn g?l"’;}[@ Sei\C/I'Fzg’él g 6 S-ls 1} 25 ng Madison County,
i : (7 N 1990, spale 1:4.’600)' Tysdal (19.70’ 1976) mapped fthe quadrangle at 1:24,000 scale, focusing on the . . . . Subrqunded to well-rounded, somet.imes frosted grains. Bedding is cpmmonly tabula¥ to James, H.L(.),n ;iléaﬂe(igé, g.(;i(.),gll;aSO, ng: }c,)f tliicga::;(:rlli rc:zks oi'usoll(itshw:st Mo;ltanz’:tzs gef)lo‘gi,cal éociety of America
AN ) Cambrian stratigraphy. Karasevich (1980; Karasevich and others, 1981) mapped the Precambrian | T Diabase dike (Tertiary?)—Dark brown to gray, red- to dark tan-weathering fine- to massive or trough cross-bedded, with rare meter-scale foresets and ripples. Rare vertical Bulletin. v. 91 o. 11-15
\ (f“ ‘1‘ 87\ A }C o bqsement in more detail‘ (1 :24,900 scale), describing multiple generati‘ons of ductile fold.ing, Mapping of — meQigm-grained Fiiabase (50.5.Wt. percent Sio,, fig. 6; Mosolf and others, 2023b).'Common1y burrows. Lower contact is Great Unconformity. Thick cliffs, like in Taylor (;regk, may be. James, HLL., 199’0, f’reéfrhbrian geology and bedded iron deposits of the southwestern Ruby Range, Montana, with a
T55KC: {i ’}‘// }ifh q TS ambrian mineral resource poteptlal, particularly talc, was conducted by thq Unltgd States Geological Survey ophitic texture with coarse white plgg}oclase laths in pyroxene gr(‘)qndmass..One dike, nortl}west repeatqd by small thrust faults .near the Great Unconform1ty.‘ Age of both units is likely middle section on the Kelly iron deposit of the northeastern Ruby Range: U.S. Geological Survey Professional Paper, v.
Tos MK i Tes " (USGS) as part of their assessment of the proposed Ruby Mountains Wllderness Study area (Tysdal and of Ruby Peak, contains abundant olivine and pyroxene, with no V1s1b‘le plagloclagq laths. Nll’let‘ ‘ Cambrian (e.g., Thomas, 2097, Bush and others, 2012). Variable thickness, with 58 ft (18 m) 1495, 39 p., 2 plates, scale 1:4,600 and 1:24,000.
LAY W others, 1987, 1:24,000 scale). Several structural studies (e.g., Karasevich and others, 1981; Tysdal, 1981; samples from the Ruby Range have an average whole-rock geochemical composition of tholeiitic measured just south of Laurin Peak (Tysdal, 1970). Jones, C.L., 2008, U-Pb geochronology of monazite and zircon in Precambrian metamorphic rocks from the Ruby Range,
R . GreatUnconformity ) Schmidt and Garihan, 1983; Schmidt and others, 1988) used these published maps of the northern Ruby basalt (Wooden, 1975). In the southwestern Ruby Range, six northwest—southeast-striking dikes SW Montana: Deciphering geological events that shaped the NW Wyoming province: Kent, Ohio, Kent State
Metamorphic rocks Mesoproterozoic Range in studies of regional tectonics. The Laurin Canyon 7.5’ quadrangle was included in small-scale yielded a whole-rock Rb-Sr isochron age of 1,455 = 125 Ma (Wooden, 1975). Dikes in the study Christensen Ranch Metasedimentary Suite (CRMS) Uﬁliversity, M.S. thesis, 11 t? E | . ot . . .
" Christensen Ranch o maps (Ruppel and others, 1983, 1993, scale 1:250,000; St. Jean and Teeter, 2004, scale 1:48,000). area strike north-south (+ 30°), suggesting they are of a different age. Tertiary age is speculative, Karasevich, L.P., 1980, Structure of the Pre-Beltian metamorphic rocks of the northern Ruby Range, southwestern
! Mgg;fg?nfgﬂt:@ngﬂite Paleoproterozoic ps (Rupp ) based on field observations (see geologic summary). Dikes are meters to tens of meters wide, and - Undifferentiated metasedimentary rocks (Paleoproterozoic to Archean?)—A variety of Montana: State College, Penn State University, M.S. thesis, 172 p., 2 plates, scale 1:24,000.
[/ | precambrian Rock samples collected by the authors for U-Pb geochronology were processed at the MBMG mineral up to about 1 mi (2 km) long. predominantly metasedimentary rocks including marble, quartz-biotite—garnet and rare Karasewctl;;lLt.ll]’r., ﬁf.nthan’ g{l\%’ lf){ahl, P'g" attﬁd Ol?;\l/[na’ ;A"F" 1 9,2;1’ Eum;n Ery zf Plrgg?nﬁ/l;natn meé“mf rp}ncl zgnd ot
§. XAcm | XAci | XAcq separation laboratory. Zircon was isolated from selected samples by standard density and magnetic o ) ) ) o phlggop‘lte—sﬂhmamte—garget schist, and vitreous white to green micaceous quartzite and i‘i elil anf;rse?l?; anlil g n?n(%:i’urg 1th ;Zilsthwg; izlz;i’;n aui, ezré : 5265_"23 3 ontana beologieal Society
L . = Archean separation techniques. Zircon separates were analyzed by laser ablation inductively coupled plasma mass Tsc | Sixmile Creek Formation (Pliocene? to early Tertiary?)—Indurated conglomerate Wlth §111ca schist with uncommon biotite gnd garnet. Plagloglase—homblende—gilop51de gneiss with Lifton. N.. Sato. S.. and Dunai 13,/ 7 p2 014, Sealing in situ cosmogénfc mﬁl de pro du(; tion rates using analytical
’ ’ spectrometry (LA-ICPMS), at the University of California, Santa Barbara. All U-Pb data are reported in cement, subangular to angular pebbles, coarse sand to cobbles and boulders derived primarily uncommon biotite and garnet is a key marker unit near the Kelly Mine area (James, 1990). > o SO . .
o Adg e | Mosolf and others (2023a), and Brennan and others (in prep.). Boulder samples collected by the authors from basement clasts and subordinate Paleozoic carbonates. Locally, white fine sandstone with While these lithologies are distinctive for the suite, the most abundant lithologies are interme- i{)tlla)rso/);ggf g;)gr}si g)fgi%(/)jsggzlr IE:OCI%STSCOZ-? fluxes, Earth and Planetary Science Letters, v. 386, p. 149-160,
for '"Be cosmogenic radionuclides surface exposure dating were physically processed at the MBMG little to no gravel is intercalated with the conglomerate, with cross-beds, laminations, and soft diate to felsic quartzofeldspathic gneiss with uncommon garnet and amphibolite. The type Lifton, N., Caffee, C., Finkel, R., Marrero, S., Nishiizumi, K., Phillips, F. M., Goehring, B., Gosse, J., Stone, J., Schaefer,
mineral separation laboratory. Quartz was isolated from selected samples using standard separation sediment deformation. Unit exposed along the eastern range front of the Ruby Range. Sandy ash section at Sorensen Ranch occurs in the nearby Christensen Ranch quadrangle, about 9 mi (15 J., Theriault, B., Jull, A.J. T., and Fifield, K., 2015, In situ cosmogenic nuclide production rate calibration for the
techniques for cosmogenic radionuclides dating. Quartz separates were sent to the Center for Accelerator beds near the Ruby Range northern border fault yielded U-Pb zircon dates with a weighted mean km) southwest of the map area (James, 1990). While a thick marble unit reliably marks the CRONUS-Earth project from Lake Bonneville, Utah, shoreline features, Quaternary Geochronology, v. 26, p.
Mass Spectrometry (CAMS), Lawrence Livermore National Lab, for further quartz purification, BeO of 8.0 £ 0.1 Ma (table 2, fig. 5; Mosolf and others, 2023a). Previously mapped as Upper Bozeman base of the suite throughout the region (Jones, 2008), it is typically bounded on both sides by 56-69, https://doi.org/10.1016/j.quageo.2014.11.002.
A chemical analysis, and measurement of '°Be concentration via accelerator mass spectrometry (AMS). Group (?) (Miocene to Pliocene) by Tysdal (1976). Total thickness unknown but is at least quartzofeldspathic gneiss and amphibolite, making it difficult to differentiate the CRMS from Link, PX., Todt, M.K., Pearson, D.M. and Thomas, R.C., 2017, 500-490 Ma detrital zircons in Upper Cambrian Worm
Modeled '°Be cosmogenic radionuclides age results are shown in table 1 and figure 2. 130-160 ft (40-50 m) thick. the Dillon Gneiss without exposures of more characteristic metasedimentary lithologies. Near Creek anIii' fhoneilatlve saéldston6es, 1(912111(1)0,9 1;/160ntana, and Wyoming: Magmatism and tectonism within the passive
the type locality, U-(Th)-Pb dating of monazite within schist, amphibolite, and gneiss yielded margin: LItNOSpRETe, v. ¥, no. 0, p. J1U=20. )
20’ |20 MAP SYMBOLS 2 = ldentity or existence questionable GEOLOGIC SUMMARY Quartzite conglomerate member of the Beaverhead Group (Late Cretaceous)—Indurated ages of peak metamorphism at ca. 1.75 to 1.81 Ga (Jones, 2008; Cramer, 2015). U-Pb dating Mosolf, {)ﬁlo Ergﬁﬁg g;rg?fefﬁzﬂiggI?EI;BA&ZIS);I?:’ ;flép\?v%:;;rgrggf’iogg ) da:: dir:;[l lzzcasezltl;ﬁlle&%(ﬁtl:z;ed in the
' conglomerate in dark brownish-red sand matrix and locally coarse sandstone beds, well-rounded of zircon from two quartzofeldspathic gneiss samples within the map area yields older age 2022-2023: Montana Bureau of Mines gn d Geoloay Anal ytical Dataset Sq £1es, ’
Contacts and Faults Accurate  Approximate Concealed Highly deformed high-grade metamorphic rocks of the Archean to Paleoproterozoic Montana fluvial pebbles to boulder-sized quartzite clasts, likely derived primarily from Belt Supergroup populations of ca. 2.44 and 3.22 Ga (figs. 7A, 7B), suggesting Paleoproterozoic metamor- Mosolf, I.G... Brennan, D., Gavillot, Y., Parker, S., and Seargs}: 1., 2023b, Major oxide and trace clement analyses of rock
Contact —— |0 | metasedim@:ntary terrain are exposed‘ throughout mugh of the southg:rn part of the quadrangle (e.g., Harms rocks. Contains subordinate clasts of basement gneiss and Paleozoic carbonates: Unit exposed phism or deposition. Apparent thickness of at least 2,000 ft (600 m) on the north flank of Ruby samples collected in the Dillon and Hamilton 30’ x 60’ quadrangles, southwest Montana: Montana Bureau of
. - ' ? and Baldwin, 2023). Several generations of deformation produced isoclinal to rootless folds, but the along the western range front of the Ruby Mountains. At least 400 ft (120 m) thick. Peak. Mines and Geology Analytical Dataset 2.
=X overall deformation pattern is consistent with general northwest—southeast shortening during the Big Sk Ruppel, E.T., O'Neil, .M., and Lopez, D.A., 1983, Preliminary geologic map of the Dillion 1° X 2° quadrangle,
\:.:7.3 internal contact - Orogeny ca. 1.8—1 .7pGa (Harms and Baldwin,g2023). Unlike elsewhere in the Ruby lgange, zi[ghe basegrnenil - Dacite (Late Cretaceous?)—Blgck, brown-red-weathering porphyritic to vesicular dacite. Marble (Paleoprotgrozoic? to Archean ?)”—White to gray, tan- to browp-weathering medium P Montana: U.S. Geologica%)Survey Open-File Reponrng-83-1g68, sc:fl)le 1:250,000. ! ¢
§ rock’s metamorphic fabric generally dips to the north. When the tilt of the overlying Cambrian rocks is Fine-grained pyroxene, and plagioclase phenocrysts are common. Phenocrysts are often to coarsely crystalline dolomitic and calcitic marble. Ranges from massive to weakly foliated, Ruppel, E.T., O'Neill, .M., and Lopez, D.A., 1993, Geologic map of the Dillon 1° x 2° quadrangle, Idaho and Montana:
3 Fault restored to horizontal (fig. 3), Precambrian folds beneath the Great Unconformity plunge to the north. In weathered out, leaving behind angular voids. Exposed near Spring Canyon, where outcrops form often forming moderately resistant outcrop bands. Magnetite, diopside, and boudins of quartz- U.S. Geological Survey Miscellaneous Investigations Series Map 1-1803-H, scale 1:250,000.
S the Ruby Range the basal contact of the Christensen Ranch Metasedimentary Suite follows the general a small linear ridge that is mostly concealed by surficial deposits. Age and rock type are tentative, ite are common. Phlogopite and tremolite are uncommon, in impure layers. Dolomitic beds Sandberg, C.A., 1965, Nomenclature and correlation of lithologic subdivisions of the Jefferson and Three Forks
r':l:r:mal fault—Ball and bar on northwest-dipping fabric of the Big Sky Orogeny, but in the northern part it apparently steps to the based on lithologic similarities Wlth a 72 Ma dacite dated in the nelghbor'mg quadrangle (Mosolf Fend to be thlcl§er, cleaner, anq more rnpnommerahc;, while calcitic beds are thlnner,'more Sand “onrmataogs of S(}u%he{g%"%tana and, north;:r;ll \Xzfo?lng.g.S. Gel:\?ll.og}ca}l S}“'Vey %‘?“etni)(ll.lg“fN’ 1'8 Il)\/[ '
ging wall southeast by 2-3 mi (3—5 km). A thicker package of the Christensen Ranch Metasedimentary Suite is and others, 2023a, b), about 1 mi (1.5 km) west of the map boundary. Thickness unknown. isolated, and with more calc-silicate minerals. Talc is also common in coarse dolomite marble, ando, Us aé 111?0, Suven P %’pe,seCtﬁ;}S oft 684 2a ;szon 1r0111pt( ississippian) and its subdivisions in Montana:
i Detachment fault—hatchures on _:_" :"'_?_ exposed below the Great Unconformity in the hanging Wall pf the Hinch Cre;ek fault as comparqd to the ) . o ‘ ‘ ‘ particularly near Ruby Peak (Tysdal and others, 1987). Lower contact with the Dillon Gneiss Sando, W, J'.,.angosgﬁ(li(‘i)aerg,ug%, 538?58,511{0;:2@oipg%h‘;iissis;ippg - Str;aiigr aphy, Northern Tendoy Mountains, Southwest
3 hanging wall y footwall, suggesting down-to-the-northeast normal faulting in the Proterozoic (Schmidt and Garihan, Kibbey Formation (Mississippian)—Maroon to light gray, red-weathering fine-grained muddy is very sharp near Ruby Peak, interpreted as the base of the CRMS (James, 1990). Elsewhere, Montana: U.S. Geological Survey Bulletin 1636, p. A1-A9.
z Strike-slip fault, right-lateral offset | —==—— =2 1983). By the middle Cambrian, erosion had exhumed these rocks and formed the Great Unconformity. In quartz e}renite and interbedded lavender micrite with platy centimeter-scale bedding. Crgde, thinner marble layers are isoglinally folded ipto all .other Archean to Paleoproterozoic units, Schmidt, C.J.. and .M. Garihan, 1983, Laramide tectonic development of the Rocky Mountain foreland of Southwestern
- —Arrows show relative motion the map area, carbonate deposition occurred along the passive margin from the middle Cambrian to the low-relief channels and cross-beds are common. Rarely exposed, more commonly forming red apparently occurring at multiple tectonostratigraphic positions. Thickest near Ruby Peak, Montana, in Lowell, J.D., ed., Rocky Mountain foreland basins and uplifts: Rocky Mountain Association of
L Thrust fault—Sawteeth on N PR P Mississippian. slopes. Conodonts suggest a late Mississippian (Mer.amecian) age (Sando apd Saqdberg, 1985). At where the apparent thickness is about 3,150 ft (960 m). Geologists, p. 271-294.
7 \ \ ? hanging wall 2 —~— ..,.2 least 140 ft (43 m) thick based on measured section in Dry Creek, in the neighboring Beaverhead o _ Schmidt, C.J., O’Neill, J.M., and Brandon, W.C., 1988, Influence of Rocky Mountain foreland uplifts on the
/({0 s J 77 \ -’~ (4 T N ,‘ ‘ ‘ / , \ : - " Thrust fault with normal reactivation P Rocks above and below the Great Unconformity were horizontally shortened during the Sevier—Laramide Rock SE 7.5’ quadrangle (Tysdal, 1970) Irf)n formatign (Paleoproterozoic? to Archqan ?)—Rusty-brown-weatherlng ron format%on, development of the frontal fold and thrust belt, southwest.ern Montana, in Schmidt,.C.J., aIl.d Perry, WJ, eds.,
2\ \ 7 N / N § \ N A ! & —Sawteeth and ball — Orogeny. Above the Great Unconformity, bedding-parallel slip is common within Paleozoic sedimentary . . o ' ‘ . ‘ ‘ with alternating layers of quartz and magnetite. Rarely exposed, mo.stly near the Kelly Mine Interaction of the Rocky Mountain foreland and the Cordilleran thrust belt: Geological Society of America
B ,% 2N (( ‘ 2 : e [/ ‘ ‘ ; - and bar on hanging wall ? rocks, accommodating folding and thrust faulting. The Great Unconformity appears sheared near South Mmc | Mission Canyon Formation (Mississippian)—Light gray-weathering, massive cliff-forming (James, 1990). Mapped where two or more beds are present, following James (1990). Thick- Memoirs, v. 17, p. 171-202. .
7 %//1 5. " N NS . PR , ﬁ:*g;gﬂg{i‘ﬂ;ﬁzv}’é%‘;h on _-— Fork Canyon. Near the center of the map, from east of Ruby Peak to Hinch Creek, a strip of steeply limestone. Sparry cement often obscures primary crinoidal packestone lithology. Commonly ness less than 100 ft (30 m). St. Jean, Z.C., anddTeetelr, DR, 2004;1 Geologic map Ofthel R‘{by Dam area, southwest Montana: Montana Bureau of
> {1 ( N7 : \ \ : i SN _ | - E:% ‘ left-lateral strike-slip offset dipping Mississippian rock units is bounded between the opposite-verging North Fork and South Fork brecciated. Upper part superficially resembles the Lodgepole Formation, with tabular crystalline : . .? , ‘ ‘ . . Stic kney,lv[ﬁl.lgs.,a;ozgegazggqgffez-iﬁg i?ggg’g:ésl?i%Iflcoan?t;ﬁisg’(zg%/[ontana, in Metesh, 1.. Geology of Montana:
,-ﬂlllllllll { ) & % > 2 2 - lgentity o existence questionable faults.. Cr.osscuttmg relatlonshl.ps suggest that deformation prpgressed from west to east. Thrust . i%mestone beds and bedded to nodula'r cheﬁ. Contact 1:l)laced at t‘he lowest cliff of Ilnasswe Qy;zlrtztte (Paleopmtgrozozc. to Archean: )—;lfltreous white ttf) green 1inlcaceous 'quartlzrte Montana Bureau of Mines and Geology Special Publication 122, available at
( s Large amowhead Shows diredtion of plunge reactivation of the northeast-dipping McHessor Creek and Hinch Creek faults was followed by slip on the imestone. Upper contact not constrained in quadrangle, but unit appears to be at least about 925 with uncommon biotite and garnet. Mapped where outcrops of more than approximately 10 ft hitp://swww.mbmg.mtech.cdw/pubs/GeologyofMontana/
/‘ é \ Structure Lines Accurate Approximate Concealed east_northeast_verglng North Fork thrust fault. Shp on the North Fork fault diminishes in a ft (280 rn) thick along the range front. (3 rn) thick can be traced considerable distances. Thickness less than 50 ft (15 m) Stickney, M.C., Haller, K.M., and Machette, M.N., 2000, Quaternary faults and seismicity in Western Montana: Montana
N . S—— fault-propagation fold north of Laurin Canyon, where the fault—fold pair is truncated by the low-angle . ) . L . o . ) . ) ) Bureau of Mines and Geology Special Publication 114, 1 sheet, scale 1:750,000.
Anticline ; o Laurin Peak thrust, resulting in local younger-on-older relationships. Kinematic analysis of slickenlines Lodgepole, Sappington, and Three Forks formations, undivided (Mississippian to Devonian)— - Amphibolite (Paleoproterozoic to Archean)—Foliated to massive, medium- to coarse-grained Thomas, R.C., 2007, A field guide to the Cambrian section at Camp Creek, southwest Montana: Northwest Geology, v.
— within small splays of the Laurin Peak thrust (fig. 4) suggest that slip was directed toward the Lodgepole Formation—Gray to lavender tabular-bedded micrite and wackestone, with yellow black and white, brownish-weathering hornblende—plagioclase + garnet amphibolite (45.0 wt. 36, p. 231-244.
’ . I_ngrturned ?tnticlir:jg—Beds on one TR TR g west—southwest (259 + 17°), orthogonal to the broken Spring Canyon syncline. The Laurin Peak thrust is silty partings, grades downward into laminated gray to lavender micrite with thin continuous percent SiO,, fig 6; Mosolf and others, 2023b). Nearly equal parts amphibole and plagioclase, Tysdal, R.G., 1970, Geology of the north end of the Ruby Range, southwestern Montana: Missoula, University of
7 % ///}ﬂb .é é’i?, d?r;ec{?gﬁ otfjﬁinn?b’sarmws show —a—— | TW— a footwall imbricate to the South Fork fault, the youngest thrust fault in the quadrangle. During top to the to stringy discontinuous orange-brown-weathering chert beds. Tabular bedding dominates, on giving it a characteristic “salt and pepper” appearance. Coarse quartz stringers are common. Montana, Ph.D. dlssertatlon, 187 p., 6 plates, scale 1:24,000. . .
'-..“fﬂ‘f /] ; \ iy ’%}:’?/jjj/‘,} é% west—southwest slip on the South Fork fault, rocks in the footwall and the North Fork fault were rotated to the centir;lletg- (fl in)1 tfo decimetelz- (6 in) tfcgle, pailrti}clularly in th; k1)1pper pﬁrt.h[ivpper part Epidote, acti}rllolti)te, éiiopsilde, and chlorite are zlmcommon. Contains rare, localized pericliotite Tysdal, %S&;}?ﬁiasg;ﬂﬁi& Isnﬁfv(e)itti};aeurilgghggrliepsarltfl(;f)IF;bSYI Rsacfﬁzall\gzd(l)so%ﬂ County, Montana: U.S. Geological
W, g : D =ts 3 Asymmetric syncline —— 4 near vertical. contains highly fossiliferous wackestone beds with sharp scoured bases which fine up into outcrops with abundant olivine, pyroxene, and serpentine. Forms resistant outcrops in lenses, 2allo -1, -24,U00. )
f»:;i ' % = é{%ﬁfg j% * micrite with silty parting containing abundant bed parallel trace fossils and Zoopyhcos. Intact pods, and boudins. Whole-rock geochemistry is similar to tholeiitic basalt composition, suggest- Tysdal, R'(?"11998811 f\/F ort‘elan%detl‘onpatllc)sn mn ttheFr_lolr(tihgm If)art of thej{élby Range Otf Ssoutg;” eSttl\onnt?na’ mn "l;écker, TE,
= — 3 L é{/ I(?vgrturned sr%/nclinde_—Beds orr: one | v W | gy A dike north of Ruby Peak intrudes a normal fault that offsets Paleozoic rocks, suggesting a Tertiary age. crinoids, fenestrate bryozoan, bivalves, and disarticulate brachiopods including Orthotetes are ing a mafic igneous rock protolith (Wilson, 1981; James, 1990). Commonly interlayered with the ;1‘5:_22 4 ontana &yeological society kield Lonterence and Symposium to southwest Vontana, v. £0, p.
7 é’i’; o of T oW ShOW W 2| _y_ o At least two generations of dikes are present in the Ruby Range; Mesoproterozoic dates have been common, especially near the top of the unit. Mostly covered by talus slopes, with platy to other Archean units, but only mapped where thickness exceeds several meters. Tysdal, R.G. Lee. G.K.. Hassemer. 1. Hanna. W.F.. Schmauch. S.W.. and Berg, R.B., 1987, Mineral resources of the
/) _ documented to the So}lth (Wooden, 1975). Across the Hinch Creqk fault, a large dike and the North Fork chippy ﬂqat characterizing the IO,WE?r part. Upper contact is placed below first massive . . ) . ) ) . . ’ Rub’y Mountains Wilderness Stildy Are,a, Madison Coun‘;y, Montana: U.S. Geologicai Survey Bulletin, v. 1724,
ljsisggt?(?:] %rn?(?]%sm fold—vergence B | Hea fault show apparent right-lateral offset, but the Great Unconformity shows apparent left-lateral offset. cliff-forming l}mestone of the Mission Canyon Formgtlon. Intg:rqal contact mapped ‘where Dlllon Gnelss (Arcll‘ean)—Follated,. gray-wh1t§ to pink, reddlsh-brown—weathe.rmg, fe151.c to 22 p., 1 plate, scale 1:24,000.
This relationship is consistent with Cretaceous thrusting followed by dike emplacement and subsequent lower contact is confidently placed, at the lowest laminated micrite bed. Early to Middle intermediate microcline—quartz—plagioclase + biotite = garnet + hornblende gneiss and migmatite Wilson, M.L., 1981, Origin of Archean lithologies in the southern Tobacco Root and northern Ruby Range of
normal reactivation of the Hinch Creek fault, as has been proposed elsewhere in the Ruby Range Mississippian (Kinderhookian to Osagean) in age (Sando and Dutro, 1974). Thickness about with interlayered black, coarse- to medium-grained amphibolite. Minor granite (quartz—micro- southwestern Montana, in Tucker, T.E., ed., 1981 Montana Geological Society Field Conference and
(Schmidt and Garihan, 1983). Isolated exposures of basement rock along the trace of the Ruby Range 700 ft (215 m). cline) pegmatite dikes, intrusions, and gneisses and quartz—plagioclase + garnet leucogneiss. Symposium to Southwest Montana, v. 26, p. 37-43. . .
Orientation Points northern border fault also suggest reactivation of an older thrust fault during Cenozoic extension (see Sappington Formatzon—Yellow-‘wea.thermg partly calcareous siltstone to very fine sandstone. ‘ Legcggnelss is often mylopltlzed, Wlth quartz and feldspar ribbons defining a‘hneatlon and Wooden, J.L., Vitaliano, C.J., Koehler, S.W.,‘ and Ragland, P.C., 1978, The late Precambrian mafic dikes of the so.ut}'lern
cross-section). Latest Devonian (late Famennian) in age (di Pasquo and others, 2017). Not exposed, except in foliation. Generally recessive, forming sparsely vegetated slopes. Rare quartzite and marble Tobacco Root Mountains, Montana: Geochemistry, Rb-Sr geochronology and relationship to Belt tectonics:
. Inclined fault—Showing dip value and direction Bogue Canyon where it has a measured thickness of about 70 ft (20 m; di Pasquo and others, interbeds of a few meters thick. Lack of schist differentiates the Dillon Gneiss from the CRMS. In Canadian Journal of Earth Science, v. 15, p. 467-479.
Cenozoic normal faults have since dissected the compressional features, particularly the Ruby Range 2017). the southwestern Ruby Range, average composition of the Dillon Gneiss is granitic, with a mean
o ; e + Small, minor indlined joint—Showing strike and dip northern border fault, which defines the prominent active range front with a topographic escarpment that Three F orks Formation—Light mint green to Fiegp req chippy m.udstone', siltstone, and breccia of 74 wt. perqent Sio, (J ames, 1990), with mic‘rocline, quart‘z, and plagiqclgse being the dominant
-y, AN bounds the western edge of the southern Ruby River Valley below the reservoir. Fault scarps, truncated and light gray-brown, orange-weathering micrite with mud chip breccia. Rarely exposed. minerals (Garihan and Williams, 1976). The wide range of lithologic variation observed on the
. ;2'? %\.}# }_ Inclined bedding—Showing strike and dip alluvial fan deposits, and range front triangular facets suggest Quaternary displacement on the Ruby These hthologles l‘1kely belong to the Logan Gulch Mengber, in the lower part of the unit. outcrop scale may represent a comple?( sednn‘entary,.volcamc, ‘and igneous protolith (James and
g_g : 5 NS ?/ Range northern border fault. Deformed older alluvial fans (Qafo) south of Laurin Canyon suggest that }rJI}gOH;Ilf\l;m Stl)lty llf?}?StI%fllle EXIPOSUY:S, Susltlhastnearﬁﬁblilson Cén}l’olfllﬁlaytPel((’gg t((;bthe g‘edg;(’j)l 9{5}0#;&3me: 1]?)9{))- %'I;b datm% ;)}fercon yields at Wslzi%hted Itnean age 0ft2,453 i.% Ma
== AW . . . . uaternary fault movement occurred within the past 130,000 years. North of Laurin Canyon the Rub rident Member or the Knoll limestone at the top of the Logan Gulch Memboer (Sandberg, 1g. . values below U.1 suggest this age represents Faleoproterozoic metamorphism
b %%'f S8 'I' Vertical bedding—Showing strike gange norr}t/hern border fault exhibits triangular fgcets, but the ¥race of the fault is concealZd by rock te}lllus 1965). Latest Devonian (early to middle Famennian) in age (di Pasquo and others, 2017). (Brennan and others, in prep.). The upper contact with the overlying marble is generally sharp,
Q ‘\\\ S ‘ # + _ _ _ _ colluvium (Qc). The western edge of the Laurin Canyon fan complex (Qafy) follows the trend and Thickness is poorly constrained, but is likely around 80 ft (25 m). with local infolding of the two units. At least 7,500 ft (2,290 m) thick.
S A == Overturned bedding—Showing strike and dip ¢ hic break of th led Rubv R. rthern border fault. B ic radi lid
: W , ™ opographic break of the concealed Ruby Range northern border fault. '“Be cosmogenic radionuclides . ) ' .
b\ )éé__‘_ _ _ _ _ _ surface exposure dating from five boulders collected on the Laurin Canyon fan yielded a model age of - Jefferson Formation (Devonian)—Gray to bleached white tabular-bedded crystalline dolostone.
Pl é% } Upright bedding where tops are known—Showing strike and dip 37.8 £0.7 ka (table 1, fig. 2), and suggest fault displacement on the Ruby Range northern border fault Recessive with sparse outcrops, often with “elephant skin” weathering. Pervasive secondary
N, e == { Overtumed bedding, where top direction of beds is known occurred since deposition and surface abandonment of the Laurin Canyon Fan in the past 40,000 years. dolomite obscures much of the original sedimentary structure, although mottled textures remain
_ ,»‘yh"""ll’”’?'i : “ from local features—Showing strike and dip The Ruby Range northern border fault was initially inferred and mapped as an approximately 22-km-long common. Brown brecciated dolostone beds are uncommon. Where secondary dolomite is Table 1. Cosmogenic °Be sample data and modeled surface exposure ages.
= Y /2 . s A\ _ _ _ _ Quaternary fault by Stickney and others (2000) and is included within the USGS Quaternary Fault and minimal, bedsets of tabular dolostone alternate from thin-bedded and laminated to thick-bedded
= @ , [ Inclined cleavage—Showing strike and dip Fold Database. Fault slip rates are unconstrained, but estimated to be less than 0.2 mm/yr, similar to other and mottled, with rare graded bedding and mud chips. A marker unit of cliff-forming, very thick S.ample Quartz Shield 198e/°Be °Be Concentration
+ potential seismogenic faults in southwestern Montana (Stickney and others, 2000). The USGS earthquake (3—6 ft, 1-2 m) tabular bedded vitreous white dolostone occurs near the base of the unit in many Sample Lat Long Elev (m) Thickness ¢ Age (ka)®'
+ DESCRIPTION OF MAP UNITS Dorobek and others, 1991). Thickness is about 245 ft (75 m) near Laurin Peak. YG23LCO09 45.3449 -112.1768 1693 1.50 25.00 0.974272 121.2+1.8 623.35 +9.28 37115
/" Approximate plunge direction of inclined lineation Red L d Pilorim f p divided ( Cambrian)—Tan, tabular ) YG23LC10 453447 1121770 1695 2.50 04.34 0.996478 27.0+0.5 802.80 + 1.51 46.8+2.0
, , ) Alluvium (Holocene)—Unconsolidated, poorly sorted to well-sorted gravel, sand, silt, and cla ed Lion and Filgrim formations, undivided (upper Cambrian)—lan, tabular to massive
f{; // / / IL%IR ed-S“C{( enlcljne %n f|aUIt surface deposited b(y modern Ztreams and rivers. "lPhickr}l,ess generally less thang15 ft (5 m), but as thick zs - grainy weathering dqlostone, gray to tan wavy thip—tabular bedded (“ribboned,” Tysdal, .1970) YG23LC11 45.3441 -112.4773 1698 1.75 25.00 0.996478 17.9+1.6 607.15+8.11 353+ 14
" Z owing trend and plunge 30 ft (10 m) within the channel thalweg. dolo-wackestones with pale green to red silty partings and rare cross-bedded quartz arenite with YG23LC12 453426  -112.1789 1711 1.75 25.00 0.996478 136.4+1.8 702.36 £ 9.36 40.2+1.6
4 s

dolomite cement. Laminated and mottled beds common, recrystallized dolomite mudchips
uncommon. Lower portion forms prominent cliffs and is carbonate rich. Upper portion contains
more siliciclastic material, including “ribbon rock.” Cross-bedded sandstone is a marker unit, near
the upper part. Ribbon rock varies from graded dolostone beds with trace amounts of
siliciclastics, to red graded very fine sandstone to siltstones, with rippled muddy partings and

Sediment transport direction determined from imbricated clasts YG23LC13 453422  -112.1782 1713 2.75 25.00 0.995440 131.8+1.8 680.12 + 9.09 393+1.6

Note:2 Sample thickness represents the average sampling interval of material modeled for '°Be exposure.

® Geometric shielding correction using CRONUS online calculator that includes strike and dip of the sampled surface.

°All uncertainties reported at 10. Blank corrected °Be/°Be ratios. Total measurement uncertainty for the '°Be concentration includes the uncertainty in the °Be carrier concentration, AMS measure-
ment uncertainty, and uncertainty in the process blank correction. Combined, these uncertainties totaled to within 2% or 1c.

Younger alluvial fan deposits (Holocene)—Unconsolidated deposits of clay- to boulder-sized
angular to subangular clasts forming broad incised surfaces along modern drainages. Deposited as
coalescent alluvial fan channels to debris-flow fans along steep range fronts. Surfaces of these
deposits stand at lower levels and shallower slopes than older alluvial fans. Surface exposure

it ; ® Sample: Geochemical data (fig. 6)

>

Sample: U-Pb geochronology (table 2)

(O Sample: °Be geochronology (table 1, fig. 2)

dating on five quartzite boulders using cosmogenic '°Be yielded a surface abandonment age that
ranges between 35.3 = 1.4 ka and 46.8 + 2.0 ka, with a combined model age of 37.8 + 0.7 ka

extensive bioturbation. Gradational contacts separate these lithologies at multiple stratigraphic
positions, and along-strike changes in thickness and lithology are common. A 2 ft (<1 m) bed of
green shale is rarely observed, in sharp contact below ribbon rock, interpreted by Tysdal (1970) as

dAges reported using LSDn (Nuclide-dependent scaling age models by Lifton-Stato-Dunai; Lifton and others, 2014).

¢Assumed value of zero erosion rates for stable and very resistant quartzite boulders.

fAge results generated by CRONUS-Earth online calculators (Balco and others, 2008), and using Promontory Point production rate calibration (Lifton and others, 2015). https://hess.ess.washing-

1A table 1, fig. 2). As thick as 30 ft (10 m) at the surface but inferred to be up to about 300 ft (90 m ton.edu/
2 in the subsurface. a sequence boundary marking the base of the Dry Creek Member of the Red Lion Formation.
\ ) 7 ; W& 753 However, in much of the quadrangle the shale is absent, and ribboned rock occurs both above and
$$ g ﬁ\ " 'J/I/ 11t — i \ L X ) : 2 P; g Alluvium and colluvium (Holocene)—Dominantly sand, silt, clay, and subordinate gravel below t‘he cross-bedded sandstone marker. Therefore, the Red Lion Formation may largely be
54 60 Ve ‘ locally, deposited on relatively gentle slopes primarily by sheetwash and gravity processes. absent in the quadrangle, except where the internal contact of the shale member has been mapped.
N\ / Thickness generally less than approximately 30 ft (10 m). Lower contact is marked by the lowest outcrop of dolostone. Upper contact is placed below first . Table 2. U-Pb i h |
\\ 1) //f resistant thick-bedded bleached crystallized dolomite bed of the Jefferson Formation. Age is Foidite | Basanite Eggﬁ{}jc able 2. U-Fb zircon geochronology.
N 11§ M / R T R . 5 Landslide deposit (Holocene)—Mass-wasting deposit that consists of unsorted mixtures of clay- likely upper Cambrian based on correlative strata in southwestern Montana (e.g., Bush and others, = 6F foach- andesite ] _ _ Latitude  Longitude No. of Spot Weighted
N “-'-{&ﬂ P ////7{ ’ | . \ to boulder-sized sediment. Color and lithology reflect that of nearby parent rocks and transported 2012; Link and others, 2017). A thickness of 560 ft (170 m) was measured in McHessor Creek 8 5L basal Rhyolite | Sample Lithology Unit (N) (W) Analyses® MeanAge 20  MSWD
vf’{m /(L A < y , == Vel Ji o) A\ '\ st MONTAN A \.““ surficial material. Variable thickness, typically less than approximately 100 ft (30 m). (Tysdal, 1970). g Dacite (Ma)
\ ) m#/";-' J e E : ! > 2N 1\ { m - &{; o | o] D R_Great Falls \ % 41 SP22LC08 Andesi - YG22LCO01 sandy ash beds Tsc 45.3025 -112.1468 34/34 8.0 0.1 4.0
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.y ‘\‘ 2 7 o~ AR k ‘ Q,e?’qgc"’ P \ i . (n=5) o 1k bécsr:”"Pzcho7 i YG23LCO08 quartzofeldspathic gneiss ~ XAcu  45.2799 -112.1328 8*/44 2431.6 12.1 0.7
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Base map produced by the United States Geological Survey My . 2 9 | MILE Maps may be obtained from: 2 dates >1400 Ma. Only dates with <10% discordance were used in age calculations. MSWD is the Mean Square Weighted
Laurin Canyon 1:24,000-scale quadrangle map o 1000 0 1000 2000 3000 4000 5000 6000 7000 FEET Publications Office _% SiOZ(weight percent) Deviation. Reported 20-uncertainties take into account overdispersion. Zircon separates were prepared at the MBMG and
Control by: USGS and USC&GC ' e == ; = — : . : : — KILOME'TER Montana Bureau of Mines and Geology 51 Ei 6. Whol K hemical data f . Tdi q analyzed by LA-ICPMS at the University of California, Santa Barbara. Latitudes and longitudes are in the 1984 World Geodetic
Compiled from aerial photographs taken 1961 “HEMILS I [ SR 1300 West Park Street 5 igure 6. Whole-rock geochemical data from igneous (Tdia) and Survey (WGS84) datum.
Field checked: 1963 s CONTOUR INTERVAL 40 FEET Butte, Montana 59701-8997 £ meta-igneous (XAam) rocks plotted on a total alkali silica classification aNumerator denotes the number of spot analyses used to calculated weighted mean age; denominator denotes the total number
z

Projection: Polyconic NATIONAL GEODETIC VERTICAL DATUM OF 1929 Phone: (406) 496-4174 diagram (after Le Bas and others, 1986). Plotted values are normalized of concordant analyses in the sample.

Vert_ical Datum: National Geodetic V.ertical Datum of 1929 https://mbmg.mtech.edu to 100%. *Qutlier was not included in weighted mean age calculation.
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Figure 1. Simplified geologic map of the Ruby Range and surrounding area, showing the r1|—||‘| HHHHHHH”HHHHH = Qe GeOIOgIC Map Of the Laurln Canyon
general geography and major faults. Extent of Paleozoic sedimentary rocks and Precambrian o - T "'HH'TI IRE ULI"' 7 5 ' d 1
0 crystalline basement rocks shown. Laurin Canyon 7.5’ quadrangle shown in box. Normal faults |:| H HHH““HUUU I_I L . Qua I'ang e,
with Quaternary displacement shown in red. Focal mechanisms shown for recent earthquakes T T |°|.|° I L I L B I B :
No vertical exagg_eratlon. o meters E) : : | 1o : : : 2000 : : : 30IOOI with a magnitude of Mw >4.5. o 2000 2500 3000 3500 Madlson COunty, Montana
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Figure 3. Lower hemisphere stereographic projection of foliation planes
immediately beneath the Great Unconformity, after restoration of
Cambrian strata to horizontal. Foliation planes were restored by
rotating bedding planes above the Great Unconformity to horizontal.
Mean restored planes shown in large stereogram, with dip magnitude
labeled. Small stereograms show the restored planes for each
structural block. Structural blocks are defined by fault hanging walls.

SCALE: 1:24,000 .
Figure 5. Weighted mean age of U-Pb zircon dates from Stuart D. Parker and Yann G. Gavillot
sandy ash beds within the Sixmile Creek Formation (Tsc)
near the Ruby Range northern border fault. Boxes show
age and 2o-uncertainty envelope for individual grains with

<10% discordance, ranked by date.

Figure 7. Probability density plots of 2°’Pb/?°®Pb zircon ages with
<10% discordance. Bandwidths and bin widths of 10 m.y. and
50 m.y. were used on plots. Circles show individual age
analyses. See table 2 for more information regarding weighted 2024
mean ages. Data reported in Mosolf and others (2023a), and

Brennan and others (in prep.).
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