U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

Introduction

In response to requests from the Bureau of Land Management (BLM) and the U.S. Forest Service (USFS),
the U.S. Geological Survey (USGS) conducted a mineral resource assessment in the Dillon BLM Resource Area
in Beaverhead and Madison Counties, southwestern Montana. These agencies use mineral resource data in

Southern Ruby Range (map area B)

A number of small, mafic and ultramafic bodies of apparent Archean age intrude Archean rocks of the
Ruby Range metamorphic complex (Desmarais, 1978, 1981). Compositionally, the bodies include locally
serpentinized metaperidotite (harzburgite) and metapyroxenite. The bodies tend to be aligned parallel to the

OPEN-FILE REPORT 98-224-D

o 113° 111°15' O, creating and updating land-use management plans for federal lands for the reasonably foreseeable future.  regional metamorphic foliation (Garihan, 1979). Multiple phases of ultramafic rocks have been described for ) ] )
45730 Wil o Q‘-’*‘i@ AT eI NN WA g Y % 45730 Mineral resources that have not been developed in the past may be developed in the future, based on changing  the Ruby Range bodies, and primary cumulate textures may have been obscured by metamorphism. The Ruby Table 2. Chemical analyses of metaultramafic rocks in the study area.
e\ BRI : LS (@ commodity demands and market conditions. Therefore, federal land managers need geologic information on ~ Range ultramafic rocks have been prospected for nickel and copper (Sinkler, 1942; Geach, 1972) and the Samples 95JH101 and 95JH102 are grab samples from two pyroxene-rich
W \ : : %V“ N S5 known mineral occurrences as well as on areas that are permissive for the occurrence of undiscovered mineral ~ contact zones have been explored for vermiculite (Berg, 1995, 1997). ultramafic bodies near the Elk Creek vermiculite deposit. Sample 96JH67 is
W’l? nf\ S resources. This map was prepared to provide this type of geologic information for mineral deposits that can be The fault-bounded Wolf Creek pluton of Heinrich (1960) is a northeast-trending series of exposures of a grab sample of a moderately serpentinized, pyroxene-rich ultramafic body
ATy U“x\y associated with ultramafic rocks. Areas of exposed Precambrian ultramafic rocks are labeled with uppercase = weathered peridotite bodies, also described by Sinkler (1942) and Desmarais (1978, 1981). Heinrich (1960) mapped by Hadley (1969). Refer to Hammarstrom and Van Gosen (1998)
s gek S = j letters (A-F). Sources of geologic maps used to compile this map are shown on the smaller index map ('Index to  interpreted the numerous, small ultramafic bodies in the area as one intrusion, cut by faults. Desmarais (1978) for sample locations, analytical techniques, and complete analyses.
¢ S feh cAlliSyr v Lake M ~/‘§ ;{ Geologic Mapping"); lowercase letters (a-m) on the index map are keyed to the reference list. ?}?d B?rg (1?315) intellrpret thet (stmeill k?odies zlas indivittiuz;l pods ?miolaced befori P‘retcarr.lbri)a.n foldintg,. although [Total iron reported as Fe50 55 LOI, loss on ignition; N.D., not determined;
- g ENNIS LAKE) | O e nature of the emplacement (tectonic emplacement of serpentinite or magmatic intrusion) is uncertain. m. parts per million: pob. parts per billion
= 90917 Yclutes Camp . Location of the study area Sinkler (1942) described the occurrence of nickel associated with the ultramafic body, which was later ppi, p P » PPO, P P ]
=~ lled the “Wolf Creek pluton” by Heinrich (1960), as the “Dillon nickel prospect”, and suggested that it TR
Valley Garden) o — cafled the P v ’ prospect, 98 Southern Ruby Range Virginia City area
7 S L NG / ﬁ) The study area includes the eastern part of Beaverhead County, Montana, and the western part of  represented a source of low-grade nickel silicate-bearing rocks. The pluton was prospected on the basis of its (map arez; B) 9 (rgap aregF)
; Y oL JT N {)um; 2 Madison County, Montana. The study area (see Index map), designated the "Gravelly's Landscape Analysis similari.ty to the Jak? (?reek pluton to the south (map area A), and consgquently, nickel was discoyered at Wolf Sample 95JH101 95IH102 96JH67
$ & ) o Unit" by the regional land managers of the BLM and USFS, is defined as follows: (1) The western boundary is ~ Creek in 1938. Hemnch (1960) showed a number of nickel and chromite prospects on his 99‘0109@ map of tbe
5 g’ b NG ‘ / f U.S. Interstate Highway 15 from Monida to Dillon, and State Highway 41 from Dillon to Twin Bridges; (2) The  Ppluton (table 1, sites 1, 7, 9, 10, and 12), but none of these have ever been developed. Nickel is present in . - -
5o 1) 3 C A northern boundary is State Highway 287 from Twin Bridges to Ennis; (3) The eastern boundary is the Madison ~ relatively small concentrations as the supergene nickel arsenate mineral, annabergite. No primary sulfide Major elements, in weight percent
() AN 2 e i . River from Ennis to Raynolds Pass and State Highway 87 from Raynolds Pass south to the Montana-ldaho ~ minerals have been recognized in the ultramafic rocks, and the nickel is probably derived from olivine or other _
' ’\y{ TR ) § border; and (4) The southern boundary is the Montana-Idaho border (the Continental Divide) between State  silicates. Sinkler (1942) reported nickel concentrations of 0.003% Ni in gabbro, 0.16% in peridotite, and 0.4% SiO, 48.1 51.7 40.0
D 277« o Highway 87 and Monida. This study area includes rugged mountains of the Blacktail, Centennial, and Henrys ~ in serpentine, and assay values up to 1.25% Ni in grab samples from the Nickel Mountain Claim Group (likely TiO, 0.35 0.26 0.11
b = e \& Lake Mountains and the Gravelly, Greenhorn, Ruby and Snowcrest Ranges, as well as the intervening basins. site 9 of table 1). The only sulfide minerals reported are pyrrhotite, pyrite, chalcopyrite and minor amounts of Al5,04 10.4 5.0 2.3
TAUTEY ‘ ;}S )‘% the nickel sulfide mineral pentlandite (along with the iron-oxide magnetite) in gabbro exposed at Ruby Nickel Fe,O4 10.1 11.3 10.7
7.5 g 3 Mineral deposit types that can be associated with ultramafic and mafic rocks Claim No. 6 on the southeastern side of the ultramafic “body”. Heinrich (1960) mapped a northwest-trending MnO 0.17 0.16 0.13
Z . /J / Y ( ‘l AN diabase dike, rather than a gabbro in this area, and the sulfide location appears to be in the area of the Nickel MgO 23.0 26.7 351
| Ny = N {,/ézﬁi;v \\’\;\L SN s/ o - e 145 y LY Metallic minerals Lode Claims (table 1, site 9). Desmarais (1981) did not mention sulfide minerals in his detailed petrologic study caO 56 3.4 11
AR \ & ﬂf@é{ NS \\\?}E{ C#?% k‘% o oL T of the Ruby Range ultramafic rocks, but did confirm the presence of nickel in silicate and oxide minerals (up to Na.O O. 67 0'15 O' 04
7‘ {@@}/2 I I N ‘s\yﬁﬁi‘f}?} A AR ‘ i 0 :/z? ) . - . , , 1 0.5% NiO in olivine; also present in orthopyroxene, clinohumite, and spinel). Mineral occurrences such as the 2 ) ) :
/2% ! ‘ $ 25N D Ultramafic rocks are igneous rocks that are distinctly dark in color and include pyroxenites, peridotites, and . . . . 5 . K>0 0.14 0.06 <0.01
o SPIEET y 3 S > S LY 5552 L . o ! . Dillon nickel prospect were not economic at the time of their discovery, and are unlikely to ever be sought as a 2
z i} .-{; b g l > ( ( a host of specialized rock types named on the basis of their mineralogy. Ultramafic rocks lack quartz and alkali source for nickel P,Og 0.03 0.05 0.02
Ak RS 5 feldspar and are essentially composed of ferromagnesian silicate minerals, sulfide and metallic oxide minerals. : . .
LA\ adio/ Toer rgvel Pit ™\ N | ’ LOI 08 06 92
\Qf 4 4 XL e oS | Mafic igneous rocks include, among others, gabbros and their extrusive equivalents, basalts; they have a Berg (1995) rgported gold (8 ppb or less), platinum (.5 ppb), and palladium (all <2 ppb) yalges for fqur Total 995 995 98.7
S X=F . . . . . samples of ultramafic rocks from the Wolf Creek pluton in the area of the Elk Creek vermiculite deposit. ota . . .
_ relatively low silica content (about 45 to 52 weight percent), and are comprised of dense minerals such as . . .
fatign I i . o . A ' . Hammarstrom and Van Gosen (1998) reported on the major and trace element chemistry of two pyroxene-rich S <0.003 <0.003 N.D.
) \ pyroxene, amphibole, olivine, plagioclase, and dark mica with little or no quartz. In some ultramafic and mafic . N . a1
. . . - . . . ultramafic rocks from the same area (table 2) as well as samples of biotite-rich schist and amphibolite that
rocks, metallic ore minerals are present in sufficient concentrations to form ore deposits that are mined for . . . . . . . -
. . . o . . developed at the metasomatic reaction contact that localized the vermiculite deposit. Chromium concentrations Selected trace elements (units)
copper, nickel, chromium, cobalt, gold, iron, titanium, vanadium, and (or) platinum-group elements (PGE). . . . . .
. ) ) : . ) are typical (about 2,000 ppm Cr) for ultramafic rocks, but nickel concentrations are relatively low (<1,000 ppm)
800 Copper, nickel, chromium, and PGE have been mined from mafic and ultramafic rocks in Montana, most . D . .
. . . . . for ultramafic rocks (Hawkes and Webb, 1962). Heinrich and Rabbitt (1960) noted that anomalous chromium Cr (ppm) 2260 3.340 4240
notably from mines developed in the Stillwater Complex near Nye, Montana, in the Beartooth uplift area. The . . L - pp J J J
. . ) ) . . - concentrations can be obtained for the Wolf Creek pluton even though no significant amounts of chromite are Ni 815 926 1.795
Stillwater Complex is a Late Archean (2,700 Ma) ultramafic to mafic layered igneous intrusion that hosts . . . o Y i (ppm) )
y > . . . . o . present, because a chromium spinel mineral occurs throughout the peridotite; chromite is present as an
LY essentially all of the identified lode resources of PGE and more than half of the identified chromium resources of . R . . . Co (ppm) 85 93 117
W o], . . . . accessory mineral on a local scale. Low-level geochemical signatures in NURE stream sediments from this area
& the U.S., along with copper, nickel and other metals (Zientek, 1993, and references therein). Many layered . . . . . > Cu (ppm) 11 99 7
d . . . . . . . . L include iron, chromium, nickel, titanium, vanadium, and cobalt.
: intrusions consist of cyclic units of different ultramafic to mafic rock types, such as peridotite, gabbro, and . . . . Au (ppb) 1 1 4
R ) ) L ) ) . . The Elk Creek vermiculite deposit was mapped and sampled by Berg (1995) and studied by Desmarais
7 anorthosite; layers enriched in disseminated sulfide minerals or chromite can be present throughout the . . . T . L . Pt (ppb) 7.6 12.2 13.4
LR Q . . " . - . (1978, 1981). The vermiculite deposit formed from weathering of biotite in a very coarse-grained biotite schist.
S K intrusion. In addition to the very rare large, layered intrusions such as the Stillwater Complex that were o . . . . . . Pd (ppb) 1.9 28 1.7
SN . . S . . . . This biotite schist developed from a metasomatic reaction during regional metamorphism at the contact of pp : : .
g7 7 ok emplaced in tectonically stable areas, metallic mineral deposits can also be associated with smaller (typically . . ) . . . ) - Rh b 1.1 1.7 2.4
Co7 F By, . . . ) . ) quartzofeldspathic gneiss with the ultramafic bodies (Desmarais, 1978). Where the ultramafic rock is in contact (ppb) . . .
45553, podiform or lense-shaped) bodies of ultramafic and mafic rocks emplaced in tectonically unstable areas (for - o L L . . I
2 2672 . . L7 . with amphibolite, the biotite schist is absent (Berg, 1995; Desmarais, 1978). The potential for vermiculite Ir (ppb) 2.8 3.2 3.6
R example, see Albers, 1986, and Page, 1986). The igneous fabric of these smaller bodies is typically obscured . - . . . ) .
s bu motamorphism. and olivine and purexene can be partly or completelv replaced bu serpentine resources is therefore limited to areas of quartzofeldspathic gneiss in contact with ultramafic bodies. Total PGE 13.4 19.9 21.1
bt 4 P ’ . Py . party ompletely rep Y serper ) . Heinrich and Rabbitt (1960) and James (1990) mapped and described numerous other small (<1,000 ft (ppb)
Chromite deposits can be present in layered intrusions that formed in relatively stable tectonic . L
. . ; . o ] o long) ultramafic bodies in the southern part of the Ruby Range to the west and north of the Wolf Creek pluton.
environments, such as the Stillwater Complex, or in podiform deposits in ultramafic parts of ophiolite complexes . ) . . . . .
. . . - ) . These include: (1) coarse-grained, chromite- and pyrrhotite-bearing enstatite-olivine rocks that may represent
that formed in unstable tectonic environments (Albers, 1986; Page, 1986). Podiform ultramafic bodies are 0. . i . . SN
. 1 . . . . eroded remnants of a sheet-like intrusion exposed in the Timber Gulch area; (2) a serpentinized peridotite dike
typically composed of peridotite and pyroxenite and their hydrated equivalents, serpentinite. In the past, 1 . -
. . . . ) . and altered peridotite pods and lenses near the Crystal graphite mine; and (3) a number of other lenses of
chromite was produced from a number of small, highly altered and tectonically disrupted ultramafic bodies near altered peridotite and diabase dikes
- Red Lodge, Montana; both stratiform and podiform origins have been postulated for these deposits. Most of P )
\ Pegrson these were mined out or have been inactive since the 1940's, and were developed with government subsidies to R : : :
: a ation ’ eferences Cited and References to Geologic Mappin
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<% Clark ege’%‘;’r 74 &( 3 X \ “i’/ to the Stillwater Complex. No prospects are associated with these ultramafic rocks. Some of the stream sediments sampled for a study of Albers, J .P.,'1986, Descriptive deQI of podiform _Chromlte’ in Cox, D.P. and Singer, D.A., eds., Mineral
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N o 3 ﬁ g ok \0& 1) 3 b/\q = Carpe NN\ Rares A / = N . . _ . . . . No mines, prospects, or mineral occurrences of ultramafic-associated mineral deposit types are known to b 1995, Geology of the Elk Creek vermiculite deposit, Madison and Beaverhead Counties, Montana:
- % A R %;:'\\ o - 7 7 N N Low-temperature metamorphism of minerals that comprise mafic and ultramafic rocks (dark mica, o » prospects, ; Hitranl eposit Iyp Montana Bureau of Mines and Geology Open-File Report 335, 9 p. pamphlet, 2 plates, scales
‘ N chy S 52 Nty S, £ o WG & e e pyroxene, serpentine) can form vermiculite, a hydrated sheet silicate mineral that is mined for industrial uses in ~ €Xist in the small .bodles of ultramafic rocks mapped mn this area. Alﬂ'}OUQh chrorrnum, nickel, and PGE are 1:6,000.
7 2L Re 5\-.\ ~? ~ 0 o =2 2 < / ke NS N GO % N horticulture, waste treatment, and lightweight aggregate. Bush (1976) recognized three types of vermiculite elevatec! (table 2.) ' a sam ple' O.f a rr‘10d.erately serpentinized, pyroxene-rich ultrarpahc body ”Tapped by Hadley 1997, Montana's changing industrial minerals industry, in Jones, R.W., and Harris, R.E., eds.,
P NN dL'8 RS , P /\p /LA \\é : %\\ 7 deposits: (1) hydrothermal deposits formed in large ultramafic intrusive bodies cut by siliceous rocks, such as (1969) in the Vlrgima City mining district, these leve‘ls do‘not represent economic concent.ratlons.‘ The NURE Proceedings of the 32nd Annual Forum on the Geology of Industrial Minerals, Laramie, Wyoming.
A ‘ qar Qe {2} BRI = \}‘\ &S Eéé%g’ granites; (2) hydrothermal deposits associated with smaller ultramafic bodies, such as peridotite or pyroxenite stream sediments in map area D show no geochemical signatures that are typically associated with ultramafic Wuoming State Geoloaical S Public Inf tion Cireudar No. 38, o, 167175 ,
] A2 1 = Y Jal 727 MO R ( T_?-\ Ranch SIS N ~ D d ’b " k d3)d its f d b heri f ’1 fi ks. Vermiculi * and mafic rocks. The NURE stream sediments of map areas E and F contain low-level signatures in iron yorming wtate \aeological Survey FUDC Informaton rcuar 170. 29, b. j
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B # % 5 S | B aig0%7 e ) DA SN : -1, . : ) ‘ “ ’ ’ ’ exchange chromatography with inductively coupled plasma atomic emission spectrometric detection:
h S A i) _ \ ' Z until 1990, when the mine was closed due to concerns over potential environmental problems associated with i i y
Al S : \ §\\ ) \ N //\" ¢ \ N\ Oo g /9» ke \i?\ ISSOUR \& \/ 2 8 N fibrous minerals such as tremolite (Harben and Kuzvart, 1995; Berg, 1997). At oneptime, the now-reclaimed ~ Henrys Lake Mountains Bush, AArll_a{ytllcga;lg h\?g;;i[irc%li\t/'e ?r? ’t;l: .ler’li‘ije.d6gt6at229i'n Eleventh Industrial Minerals Forum: Montana Bureau
\Ra ) X QY 24 )) NEk . N 3 S & Z ) > C, e N A 0 J )| deposit at Libby (an example of a type (1) deposit, above) represented the world’s largest single source of of Mines and Geology Special Publication 74, p. 145-155.
— / SN B f ) N J'v/f ‘ D%n %) { 78 4(%& v if\ﬁ\ A 7 - & af* 6 yermigulite (Harben and Bate.s,. 1990). Berg (1990) des:cribed four other vermiculite c.leposits ip Montanfa, No mines, pr.ospects., or .mineraill occurrences indi.cative of ultramafic—asso.ciated mineral deposit types are Desmarais, N.R., 1978, Structural and petrologic study of Precambrian ultramafic rocks, Ruby Range,
54 AR o > 4 ) a S o A //@?\ \::l\\‘ # L}ie ("‘/::J N7 N 5 - including 'the Elk Creek deposit in the study area (area B,.s@ number 13 on the map), which was dlscoyered in  known .to bg associated with dikes, sills, and small k.)O(jhes of r.netagabk?ro described by Sonderegger and .oth.ers southwestern Montana: Missoula, University of Montana, M.S. thesis, 88 p.
IS SN . % ) 7 2 ) fx" 2 \ N P RN ; LZO N H. the 1970's. In 1990 and 1991, a small amount of vermiculite was produced from the Elk Creek deposit at the  (1982) in this area. One body near Saddle Mountain is described as discordant to the surrounding amphibolite. _ 1981, Metamorphosed Precambrian ultramafic rocks in the Ruby Range, Montana: Precambrian
) 0 <] ( - N\ M A2 o K ) \\ﬁ{> 24 NG i‘\ N | (L open-pit Monolite mine (McCulloch, 1992, p. 70; Berg, 1997). Berg (1995) noted similarities between the Elk ~ The age of these rocks is unknown, and they appear to be more felsic than the rocks in the northern part of the Research, v. 16, p. 67-101.
45" f Q) (W R Y LA D) \B o RS A 7000 oA % Sl v N — \;\%3 A (@ = : v 45 Creek deposit and the type 2 hydrothermal vermiculite deposits in the Blue Ridge Mountains of North Carolina.  study area and may have had a different origin and tectonic history. No sulfide minerals are reported. Most of Garihan, J.M., 1979, Geology and structure of the central Ruby Range, Madison County,
s 5V ik ‘ i o\ &(% ; ey h - == () 3 ! / ‘L7 h _ q AR The other known vermiculite deposits in Montana all lie north of the study area and are undeveloped. In 1997,  the pyroxene is replaced by amphibole, and one of the intensely altered metagabbro bodies contains scapolite (a Montana—Summary: Geological Society of America Bulletin, Part I, v. 90, no. 4, p. 323-326.
‘ N 2 Yap WP T o= s { SRy 17 ) a vermiculite deposit in the Tobacco Root Mountains near Pony, Montana, was drilled (McCulloch, 1998). possible alteration product of the basic plagioclases found in mafic and ultramafic rocks). Geochemical Geach, R.D., 1972, Mines and mineral deposits (except fuels), Beaverhead County, Montana: Montana
T ; e ' N .N;-r]/_/_' X ‘% ==="" N N\ : % s N j e Sty G Q signatures indicative of ultramafic and mafic rocks, and associated mineral deposits, are almost non-existent in Bureau of Mines and Geology Bulletin 85, 194 p
. n. / f . - . . . . ? :
| \i A \\5/ ANL \ - . NS /_ i.%ij il > o~ i / ’/y% W 7 %@7 2k l o » Ultramafic rocks in the study area iche Il\IUIl%E sgriamlsedlments from this area; one sample shows a low-level nickel value and scattered sites have Hadley, J.B., 1969, Geologic map of the Varney quadrangle, Madison County, Montana: U.S. Geological
, : \y \) : SR T A , : T P TR S ow-level cobalt values. Su Geologic Quadrangle Map GQ-814, scale 1:24,000
N ) \ A S N 7 S - 689 e s 7l AV , ¥ 8 N NN S S rvey Geologic Quadrangle Map , scale ,000.
A @ . Y P00 ) b : 2 3> _f‘ i i (a 5 < - ”/\/ = 229 €52 WA AN SR ‘ /’/ <7J 7 C B v ; \ . Small bodies of ultramafic and mafic rocks are scattered throughout the Archean gneisses in the study Hammarstrom, J.M., and Van Gosen, B.S., 1998, Selected geochemical data for the Dillon BLM Resource
O ‘ LR \:\ . = : GOOOV'J:\? NG \/1‘%\ 5 . i fb % So=I les L I” N2 0 : ;\J NS OBGA B > area. This map shows areas of exposed ultramafic rocks that are large enough to show at a scale of 1:250,000.  Ultramafic rocks adjacent to the study area Area (including the Virginia City mining district), Madison and Beaverhead Counties, southwest
' h ' ? : s i N 5 ® \i‘<;'\nanc"§ r L8 \0 5 e ay \ 2 k;_.:_gﬁ“—‘ ~ ; o % B = o QN Some of these rocks were prospected for nickel and chromium before 1950, but no metal mining or recent Montana—Mineral-resource and mineral-environmental considerations: U.S. Geological Survey Open-
N = 9N & ) T \( ‘%ﬁ 5 g) O 2R o< a % £ / <' ,.lifa_.i S i L‘}‘ T “ L : D 2 W J S0 exploration has been reported. The only vermiculite occurrence known within the study area is associated with Scattered pods of complexly metamorphosed mafic and ultramafic rocks are mapped throughout areas of File Report 98-224-C, 106 p.
2 R T NS ‘ _\m ) \ kY 2 m 5):_1 \.,_ \* \c g ’}.‘ AL VALLEY AKES KATIQ ALWILDLIFR eeeuce | Y7\ AR\ EY P ISty Sering i O‘? the ultramafic rocks of the southern Ruby Range (map area B on the large map). The following descriptions of ~ Archean gneiss in southwestern Montana. Vitaliano and Cordua (1979) described the meta-ultramafic rocks of Hammarstrom, J.M., Wilson, A.B., and Van Gosen, B.S., eds., in prep., Mineral and energy resource
\% | ul .H\'%f_“_i N\ RS RN (@AY WY H e T N : N L o I . '/-s o NE = = ! SJ IS, e 3 & the ultramafic rocks are based on the references cited in the map explanation. The origin of these bodies is  the southern Tobacco Root Mountains, just north of the study area (see Index map), as small lenses, pods, and assessment of the Gallatin National Forest (exclusive of the Absaroka-Beartooth study area) in Gallatin,
5 4 NIRRT Y : S \ Salh ; W"" = M Req’ o) AR L SRR 70 °;L§wer 2 ==X o\ Q‘)"“”{;‘;k& | oy, N (2 Avigd, -i f/ ;\(i‘ O erkys Like s uncertain because of their complex metamorphic history; they may have been emplaced as igneous intrusions,  stock-like bodies of metamorphosed and intensely altered harzburgite, lherzolite, and peridotite that may have Madison, Meagher, Park, and Sweet Grass Counties, south-central Montana: U.S. Geological Survey
: SR\ 5> { : AR 21t~ = ‘“‘%& TENNIAL CAKLEY . T ﬁ :Q A ?Oi 5 A k Lak ( ( A5 & - 1 NS e)C d N o%oe S p ) or they may have been emplaced during tectonism as already metamorphosed, cold, ultramafic bodies. Many of =~ been emplaced in their present setting as solid bodies rather than as magmas. Samples of small pods and lenses Professional Paper.
} st F@ N ‘ ‘ » ! » , . ! g \,_. l o = ao » g /‘.&\6 (3 | 1 e Upper@ > s et Q @ s P\> X\J A | S Sy the bodies are sill-like, or parallel to the foliation of the enclosing gneiss. Most of the prospects (table 1) and the  of ultramafic rocks from the northern part of the Tobacco Root Mountains were analyzed as part of a study of Harben, P.W., and Bates, R.L., 1990, Industrial minerals—Geology and world deposits: London, Industrial
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EXPLANATION

3 Prospect or mineral occurrence reporting chromium, nickel, or platinum-group elements—Number

indexed to Table 1 below

Areas of exposed Precambrian ultramafic rocks located within the study area

@ "dake Creek ultramafic body" in the center of the Blacktail Mountains—Described and mapped by

Tysdal (1988) at a scale of 1:24,000; shown in SW¥4 section 18, T. 10 S., R. 7 W. and SEV4 section 13, T.
10 S., R. 8 W. Character and petrology described by Sinkler (1942, p. 137) and Heinrich and Rabbitt
(1960, p. 38). Four other bodies of exposed ultramafic rocks are shown by Tysdal (1988) in sections 6-8, T.
10S.,R. 7W.

Ultramafic rocks of the southern Ruby Range, including the "Wolf Creek pluton" and the "Elk

Creek vermiculite deposit"—The exposed ultramafic rocks of this area were mapped and described by
Heinrich and Rabbitt (1960), Okuma (1971), and James (1990). A description and detailed map (scale
1:6,000) of the Elk Creek vermiculite deposit (within the Wolf Creek pluton) is provided by Berg (1995).
The Wolf Creek pluton is exposed in sections 1, 2 and 11, T. 9 S., R. 7 W.; section 6, T. 9S., R. 6 W,;
section 31, T. 8 S., R. 6 W.; and section 36, T. 8 S., R. 7 W. The petrology and mineralogy of this pluton
is described by Sinkler (1942), Heinrich (1963), and Desmarais (1978, 1981). James (1990) mapped the
pluton at a scale of 1:24,000. He also shows a number of small exposed bodies of ultramafic rocks, which
are too small to show at the scale of this map (<1,600 ft long and <250 ft wide); these bodies outcrop
throughout an area of about 35 square miles to the north and west of the Wolf Creek pluton

© Ultramafic rocks exposed in the northern Ruby Range—Four small exposed bodies of ultramafic rocks,

too small to show at the scale of this map (<750 ft across), occur in section 25, T. 6 S., R. 5 W., and
sections 29 and 33, T. 6 S., R. 4 W. Mapped by Karasevich (1981) at a scale of 1:24,000, and described
and mapped by Tysdal and others (1987) at a scale of 1:24,000

@ Two metamorphosed bodies of ultramafic rocks exposed in the northern Greenhorn Range—These

two small bodies, each <500 ft in diameter, were described and mapped by Berg (1979) at a scale of
1:28,800; they are exposed in NWVa SEVa section 14, T. 7 S., R. 4 W. and SEVa SWV4 section 24, T. 8 S.,
R. 4 W.

@ Numerous exposed bodies of ultramafic rocks in the northern part of the Virginia City mining

district—The outcrops of these ultramafic rocks were mapped by Wier (1982) at a scale of 1:12,000. The
largest exposed ultramafic body (about 1 mile long and 1,700 ft wide) outcrops in NEVa section 32, SW¥
section 28 and SEV4 section 29, T. 6 S., R. 3 W.

@ Body of ultramafic rock exposed in the southern part of the Virginia City mining district—Body

mapped by Hadley (1969) at a scale of 1:62,500. Exposed for about 2,500 ft in SEV4 section 3 and NEVa
section 10, T. 7 S., R. 7 W.

Exposed metamorposed mafic rocks in the Henrys Lake Mountains

Unit described and mapped (scale of 1:62,500) by Sonderegger and others (1982) as "metagabbro”. Same rock
unit was described and mapped (scale of 1:62,500) by Witkind (1972, 1976) as "metagranodiorite”

Map showing the potential for mineral deposits associated with Precambrian mafic and
ultramatfic rocks in the Blacktail and Henrys Lake Mountains and
the Greenhorn and Ruby Ranges of southwestern Montana
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magnetic high associated with peridotites of the Wolf Creek Pluton. A magnetic high that exceeds others in the
Ruby and Blacktail Ranges by over 200 nT (nanoTeslas) is associated with ultramafic rocks at area C (northern
Ruby Range). The anomaly is similar to those interpreted to be caused by varying amounts of magnetite in local
bodies throughout the Ranges, and the anomaly may be augmented by ultramafic rocks at this location, but it is
more likely that the high values arise from iron formation which is also present. In the Greenhorn Range and
Virginia City mining district, area D lies on a magnetic gradient, area E is associated with a broad, high nose,
and area F with a narrow, low nose. Map areas A, B, and C all occur at culminations of the regional gravity
highs that define the Blacktail and Ruby Ranges. No gravity measurements were obtained near area E, however
those obtained on outcrops of ultramafic rocks at areas D and F did not produce high anomalies, suggesting that
the volume of ultramafic rocks in these locations is insignificant, of minimal density contrast, or both. If all
ultramafic rocks of the Blacktail and Ruby Ranges are considered to be of similar density, we may infer that the
high gravity culminations at A, B, and C are related to the thickness of the metamorphic rocks of the uplifts
contrasted with low density fill in the surrounding basins, rather than to buried ultramafic bodies of significant
extent. Two bodies of ultramafic rocks crop out in the Henrys Lake Mountains, and also have inconsistent
gravity and magnetic expressions. The northeastern body is associated with a magnetic low of 15 nT, and a
minor gravity high, while the southwestern body is associated with a magnetic gradient and a minor gravity low.
The differing responses suggest that there is no correlation with the ultramafic rocks, and thus the geophysical
data cannot be used to infer any subsurface extent of these bodies.

Regional-scale stream sediment geochemical data produced as a result of the National Uranium Resource
Evaluation (NURE) program are available for the study area from Smith (1998). The data for 3,680 samples
collected in and adjacent to the study area were examined for chemical signatures indicative of ultramafic and
mafic rocks and any associated mineral occurrences. The relatively wide spacing of sampled sites is not well
suited to characterizing the small ultramafic and mafic bodies exposed in the study area. In addition, the now-
obsolete analytical methods used on these samples provided element detection levels with limited usefulness for
mineral resource evaluation. Likewise, the analytical element suite chosen for the NURE program left important
gaps in an examination for general mineral resources associated with ultramafic and mafic rocks (for example,
no PGE analyses). No highly anomalous chemical signatures for ultramafic and mafic rocks and their associated
mineral deposit types were detected. Low-level chemical signatures that were detected for these rocks and
deposit types are described within the discussions of each map area.

Blacktail Mountains (map area A)

The ultramafic rocks in the Blacktail Mountains include the Jake Creek ultramafic body and small plugs of
serpentinized dark-green to black metamorphosed pyroxenite and peridotite. The Jake Creek body is sheet-like,
ranges in thickness from about 50 to 100 ft, and crops out over a distance of about 1,800 ft (Tysdal, 1988).
According to Sinkler (1942), nickel was discovered on Jake Creek in 1915 and the ultramafic rock reportedly
contains up to 2 percent nickel and a trace of platinum; however, no primary or secondary nickel minerals have
been discovered (Heinrich and Rabbitt, 1960, p. 38). Low-level geochemical signatures in NURE stream
sediments from this area include iron, chromium, nickel, titanium, vanadium, and cobalt.

ppm or less) (Hammarstrom and others, in preparation).
Mineral resource potential

Rock types that are broadly permissive for the occurrence of metallic mineral deposits of chromium,
nickel, and PGE crop out in and near the study area. However, no mines have been developed, prospects are
few, and no recent exploration for these deposit types has occurred. Anecdotal reports of platinum recovered
from placer gold mining and other unsubstantiated occurrences of platinum are associated with the Dillon
Resource Area. Platinum-group elements typically occur in lower concentrations than other trace elements
(parts per billion) and are difficult to analyze. False positive bias in PGE and gold concentrations can result from
ICP-AES (inductively coupled plasma-atomic emission spectrometry) techniques following simple aqua-regia
leach of iron-rich samples due to inter-element interferences (Brown and Biggs, 1984). Thus, reports of PGE
mineral occurrences should be carefully scrutinized. These inter-element interferences can be eliminated by
more sophisticated analytical techniques. All of the ultramafic rocks we sampled contain very small amounts of
PGE (table 2), but none are anomalous for these types of rocks, or comparable to the concentrations reported
for the Lady of the Lake Complex in the Tobacco Root Mountains (Horn and others, 1991). PGE-enriched
layers could be present within some of these rocks, but detailed exploration by drilling and geochemical analysis
would be required to document any occurrences, and general lack of sulfides and the small size of the bodies
suggest that significant tonnages are unlikely. Chromium and nickel concentrations for ultramafic rock samples
from the study area are not anomalous. Although these ultramafic bodies have not been fully evaluated for
chromium and nickel, they are small and discontinuous and there is no indication that they contain significant
tonnages of ore-grade metal concentrations (for example, >1% nickel, 40% chromium oxide, or parts per
million levels of PGE).

The metagabbros in the Henrys Lake Mountains have not been investigated for their resource potential.
However, no prospects or mineral occurrences are reported near here and the area’s stream sediment
geochemical data do not suggest the presence of ultramafic-related mineral deposits.

U.S. production of vermiculite declined during the period 1990 to 1995. Should market trends change in
the future, exploration for additional resources, and development of identified resources associated with the Wolf
Creek pluton, could be expected in the study area. Weathering or hydrothermal alteration of biotite and
phlogopite typically form the best vermiculite because of their large particle size. For commercial value,
vermiculites particle size should be >0.25 mm, ores should contain a minimum of about 20 percent vermiculite,
and the vermiculite must have good exfoliation characteristics. Vermiculite is only stable at near-surface
conditions (Harben and Kuzvart, 1996), so any undiscovered deposits are likely to be shallow. Potential
exploration guides for vermiculite deposits include: (1) contacts of ultramafic bodies with biotite-rich gneiss; (2)
regional structural trends, because the bodies appear to be relatively concordant with foliations in the host
gneiss; (3) geophysical data (magnetic anomalies) at appropriate scales to detect small bodies; and (4) stream
sediment or soil geochemical surveys. In areas of weathered ultramafic rocks in South Carolina, for example,
geochemical surveys have demonstrated that chromium, cobalt, copper, phosphorous and nickel can serve as
pathfinders for vermiculite exploration (Maybin and Carpenter, 1990). This same suite of elements would also
indicate potential mafic- and ultramafic-hosted metal deposits.

Table 1. Prospects and mineral occurrences in the region.

MRDS database (Mason and Arndt, 1996)]

Map Site Name  Quadrangle Location Latitude

No.

1 Chromium Elk Guich SEY. SWY4 of sec. 2, 45-04-30N
occurrence T.9S.,R.7W.

2 Chromium Copper Mountain NEY2 SWY4 sec. 5, 45-25-49N
occurrence T.5S.,R.4W.

3 Horse Creek Copper Mountain center of sec. 27, 45-27-33N
Chromium Deposit T.4S.,R.4W.

4 Jane Chromite ~ Copper Mountain center of sec. 4, 45-25-50N
Claims T.5S.,R.4W.

5 Nash Group Copper Mountain NWv2 SWY, sec. 33, 45-26-28N

T.4S,R.4W.
6 Spook Chromite Ramshorn Mountain SW¥2 NW¥%: NEV. sec.  45-28-34N
22, T.4S.,R.3W.

7 Dillon Nickel Elk Guich SEY4 NWY4 sec.2, 45-04-55N
Prospect T.9S.,R.7W.

8 Jake Creek Beech Creek SW¥, SW¥, sec. 18, 44-57-32N
Nickel deposit T.10S.,R. 7W.

9 Nickel Lode Elk Gulch SWv, SEVa NW¥ sec.  45-04-54N
Claims 1, T.9S,R. 7W.

10 Unnamed nickel Elk Gulch SW¥, SW¥s sec. 31, 45-05-24N
deposit T.8S.,R.6W.

11 Unnamed nickel Elk Gulch center of sec. 35, 45-05-48N
deposit T.8S.,R.7W.

12 Wolf Creek Elk Guich NWv2 NWY4 sec. 6, 45-05-12N
Nickel Deposit T.9S.,R.6W.

13 Elk Creek Elk Guich SEY4 SEY4 sec. 2, 45-04-31N
Vermiculite deposit T.9S.,R.7W.

[Numbers in the “Reference” column refer to mineral localities in the MAS/MILS (Kaas, 1996) and MRDS databases (Mason and Arndt, 1996). Numbers
beginning with “0300" are the “sequence #” in the MAS/MILS database (Kaas, 1996); numbers beginning with “DC” or “W” are the “record number” in the

Longitude Commodity Status Reference

112-25-37W  Chromium 0300010303; Heinrich

Mineral location

and Rabbitt (1960)
112-07-20W  Chromium Mineral location 0300570489
112-04-52W  Chromium Mineral location 0300570546
112-06-02W  Chromium Explored prospect 0300570534
112-06-27W  Chromium Explored prospect 0300570359;
DC09996
111-57-18W  Chromium Raw prospect 0300570027
112-25-44W  Nickel Explored prospect 0300010235;
WO026525; Heinrich
and Rabbitt (1960)
112-31-00W  Nickel Mineral location Heinrich and Rabbitt

(1960); Tysdal (1988)

112-24-28W  Nickel Explored prospect 0300010060; Heinrich

and Rabbitt (1960)
112-23-27W  Nickel Mineral location 0300570452; Heinrich

and Rabbitt (1960)
112-25-30W  Nickel Mineral location 0300570457

112-23-35W  Nickel 0300010324; Heinrich

and Rabbitt (1960)

Mineral location

112-25-14W  Vermiculite Developed prospect Desmarais (1978);

Berg (1995)
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