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' GEOLOGY AND MINERAL DEPOSITS OF THE NORTHWEST
-“.. - QUARTER WILLIS QUADRANGLE AND ADJACENT
AR BROWN' 5 LAKE AREA, BEAVERHEAD COUNTY,

SR _ MONTANA

A preliminary report by W, B. Myers

R INTRODUCTION _
L ,tl-j-,» Geologic xnappmg m the Argenta area was started in the spring
of 1946 with the support of Missouri River Basin funds from the
- : Bureau of Reclamation, This work was done to study the geology and’
;hinei'al reeources of an area adjacent to' the Kelley and the Apex dam
sites, the looations of proposed irrigdtion dame on tributaries of the
- Beaverhead River, one of the headwaters of the Missouri River in
. southw;veetern Montana. The results of the first season' s work were
- summarized in a preliminary report and geologic map of the Argenta
mining district, submitted to the Bureau of Reclamation in 1947,
4 F‘ield work was continued in the summers of 1947-1950 to
eomplete the mappmg of the four 74-minute quadrangles which con-
stitute the northwest quarter lelis 30-minute quadrangle, 'I’lus
studg was carried on with the continuing aid of Missouri River

:_;,Basin funds. in part to accurately map the distribution of the Phos-

phoria formation. In the fall of 1951 mapping was extended north-
ward ﬁto include the Brown' s Lake tungsten area.

' The geology ot the mapped area has been plotted on air

3 photos 'with an approximate scale of 1:24,000, Geologic data were
ti'ensferred to a plan.i.metric base with a Vertical Sketchmaster,




k':lf"of the forest along the east margin of the area. as well as a strip
along most of the southern margin. was compxled with the Vertical

Sketchmaster with a minimum of controlo

:The geologic map of the Brown' s Lake area was similarly

comptle& on a base adapted trom photogrammetric contour maps

3.

. made by the Forest Service. Sman errors in looat:lon of geology

tn relation to drainage and culture may be expected anywhere on the
. maps, in areas ot strong relief topographic dxstortion may result
. in errors of several hundred feeta
T : Able assistance in the field was given at different times
by R. H. Thurston, Robert A. Zeller,. Jr.. John R. Cooper,
Walter E Bauer. C. E. Weaver, and J. W; Odell. Roger W. ,
Swa.nson has reviewed the map and text and otfered many valuable

vsuggestions.
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porthwest corner of thearea withf y 'o peaks’ at altitudes ot about




corner of the aree the rugged peaks give way to rolling country

( with tsolated high points at altitudes of less than 7 500 feet, The -

" area is drained to the east by four perennial streams, Rattlesnake
. ZCreek the southernmost, flows southeast to the Beaverhead River,
. :' : ‘.’Birch Creek and Willow Creek in the central part of the area and
: *i;.w,Rock Creek in the extreme north flow easterly into the Big Hole
R:.ver. Willow Creek leaves the map area at an altitude of about
5 300 feet, the lowest point of the area, The total relief is nearly

"6,000 feet; local retief is a little more than 3,000 feet,

I GEOLOGY
’ | The mapped area lies athwart a northerly trending zone of

- _~eastjv'vard‘ overthrusting 1/ of early Tertiary age, This zone is

‘ | traceable northward from its p-oint of emergence beneath the Snake
_ 'A_‘k_\_-Ri\Arer volcanics along the Montana-Idaho border to a point a few
. nnles beyond the mapped area; farther north it is believed to be
Iinked with the great zone of thrust faulting which includes the

Lewis thrust, extending into Canada, The mapped area further

. ‘j:lies on or-very slightly west of the eastern boundary of the province
“of Iate pre-Cambrian Belt sedunents. This boundary is traceable
ioutherly to the Idaho border—in general along the zone of
ttxrtxsﬁng-—and in the opposite dxrection can be traced north~
:vt\oOtthe‘a.sterly a score of mnes. To the east the Paleozoic rocks
;r'ejt'elatively less deformed and lie directly on an older pre-
Cetnbrian crystalllne basement. To the ‘west a thick section of

'} elt sediments mtervenes between the Paleozoic rocks and the

~-1f This term is used for convenienoe and is only intended to
in a relative sense.

.



.age;mderue a.large part of the mapped area. Sandstone and

quartzite largely feldspattuc, strongly predominate with shaly

.rocks and a very little conglomerate makmg up the remamder.

‘._f‘rhese rocks crOp out in two areas of rather dﬁferent

N hlithology separated by a major thrust fault the Kelley thrust, and

=N

}a two—xmle-wide zone of lesser thrusting The western area,

'»above the Keney thrust has been displaced upward and south-

,eastward a minimum of perhaps fwe mxles in relation to the

e g e

a ross hedded arkosxc. quartzite. apparently a




<&
The’overlying light-colored qusrtzite is much less'varia;ble %‘«. %
in the two areas than the rocks that underlie it, The chief difference *
is in the nearly complete lack of feldspar and cross-bedding in
| many of the eastern rocks, Due to steep faulting of unknown dis-
placement within this unit in the eastern ares, thicknesses cannot
be eompared. but more than e. mile of tlieSe rocks appear to be‘
exposed west of the Kelley thrust,. o |
'i;he Belt strata exposed in the upper plate of the Kelley_
thrust appear to be at least 8,500 feet thick. The eastern area;
below the thrust zone, exposes a few hundred feet of beds believed
. to be stratigraphicany higher than the highest beds of the upper
plate. In addition, the base ot‘ the section is nowhere exposed in
the mapped area. Tite lowest beds exposed in th’e upp.ef plate of
- the Kelley thrust may be essentially at\the base, but even So, the
total thickness of the Belt sediments before subsequent erosion
could not have been much less than 10 000 feet,
The source area of these sediments, as evidenced by
variation in ‘grain siie and composition, a;ﬁp’ears to hsve' been
to the west or northwest rather than to the east——the direction of
) the exposed crystalline basement. The abundant microcline of
the Belt sediments pomts to granitic or gneissic source terrane.-'—
The relationlof these beds to other and better-known '
isee‘tio‘ns of Belt sediments is uncertain.,~“Boss (19-49. P. 113) .
speculates thst'they inay possibiy be equivalent to the Missoula;— h
group, the uppermost of four major divisions of the Belt series. ‘ |
No Belt rocks are exposed below the Kelley thrust south oi‘ the
latitude of Argenta. Fourteen miles to the south, in the core of .

v



S urtderlying Belt senes. Of the four mfddle Cambrian formations
generally present in southwestern Montana, only the lower two—
the Flathead qua.rtzite and the overlying Wolsey shal&—are
represented withm the mapped area.
The oldest Cambrian formation, the thhead quartzite,
is absent over most of the area of Cambrian outcrop apparently by
on-deposition in large part' but northwest of Argenta. an abnormany
o thick section of Flathead quartzite is present. The overlyxng
o WoIsey shale is believed to have been deposited over most of the -

-\)"«

area‘b‘ut Iocany ha.s been removed by la.ter Carnbrian erosion. In

been a time of upl:ltt. block taulting. and erosion. Proof of this .

RNt
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in the sonth-central part of the quadrangle a.gainst an upper e

Cambrian positive area comprised of block-faulted Wolsey, ' N
anthead and Belt rocks e ; S o R
',; . The interval between upper Cnmbrian and upper Devonian L
i in the mapped area, as over much of southwestern Montana, was '

one ot non-deposition though no erosion of the uppermost Cambrian

formation has been detected | ' -
Sedﬂnentation was renewed in the south-central part o{ the '
area with looal deposxtion of the Iower member of the Jefferson )
dolomite. The occurrenoe ot outcrops of this lower member 4

tentatively oorrelated wzth the Maywood formation (Emmons and |
Calkins 1913, pp. 64~ 65) is restricted to an area of less than 10 |

square zmles, weSt of Argenta in the south-central part of the

g mapped area. Although the lower J’eﬁ‘erson is absent over much
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Iower Phosphoria mth whic!x it forms a natural cartographio
‘- unit. Yet petrographicany the non-resxstant unit appears reiated

tothe older formatxon (Weaver 1949) e e -'; ;:; ..

Continuity of exposure in the mappecl area is not suﬂicient
to permit delineation ot the five indivzdual members of the Phos- '
phoria formation which are recognized over southwestern Montana
in a large number of prospect trenches (Swanson and others, 1951%. The
uppermost member, predominantly a dark-colored chert constitutes ‘
the upper one-third to one-half of the formation and forms relatively \
resistant outcrops w!nch have here been mapped as the Upper- Phos-
phoria. The underlying members are commonly less resistant
, and have been grouped as the Lower PhOSphoria.

Mesozoic i
The nchly fossihferous marine meoody formation of

lower Triassic age, which overlies the Phosphoria with apparent

- c onformity. grades upward into a calcareous red siltstone unit

'On the basis of color and genera! hthologic character tbese red
. be&s have been provismnally correiated thh the Woodside form- :

+




beeu tentatxvely correlated with the non-marine upper Jurassic

-

1* Mornson formation. , These typieally shaly rocks grade upward
‘ ,into coarse sa.ndstone a.t the base o£ the non-ma.nne lcwer Cre-

” taceous Kootenai formstiou. The Kootenai is natura.lly dnns1b1e

4-

- in the field into four members. The bashl member. of coarse

o conglomeratic sandstone and overlying red and green mudstone,

e

g 'water gastropod shelIs.

-

passes upward into a fme-gramed hmestone member, wmch in

\ turn grades mto a red mudstone member. The uppermost member

G -

of the formatmn as presently defmed is the 'gastropod limestone",

- a ridge-forming umt typr:.ed by abundant and consp:.cuous fresh-

s

About 100 teet of redchsh sxltstone overhes the limestone

and may represent the uppermost part of the Kootena1 cycle of

. ‘non—marine deposxnon. For mappmg purposes these beds have

'i?;fi' been grouped in map unit Ku1 along with more than 500 feet of

T -',

PR B
",'L4 y‘v ,‘

(Anomia sp. )(Cobban, W. A., 1950 wrztten commumcatzon) and

. ‘.,‘xv -
BS

en jndeterminable gastropod were conected from the middle




general stratigraphic position, suggesfs that the Ku3 tuff member
) may be a coarse-gramed nonvmarine equivalent of the Asyen ' ) )
formatxon of scuthwestern Wyoming and the Mowry shale cf the )
' Black Hills region. Above it Iie a grea.t tl‘nckness of varxed frie

clastics, mostly gr eenish-gray in color and charactenzed through-

P B AT R C SR R PN

out by much volcanic material

¥

This sequence, mapped as the Ku umf: has at several
locahues yielded a few Ieaf impresszons con51dered by Brown to
be of "Late Cretaceous age, probably somewhere near Judith
Riyef or ieter"' (1948, written communication). The stratig;aphicany |

lowest and best preserved assemblage was collected from calcareous

_concretions in browmsh-gray mudstane about 1,500 feet above the

base of the umt in the NW, sec, 30 T. 6 S., R. 9 Ww.. The followmg

forms were 1dentifiable~ ‘ ' I T

Araucarites longifoha (Lesquereux) Dorf

Ficus psuedopopulus Lesquereux

Trapa? microphylla Lesquereux S
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rocks are ut;deleain by a thick conglomeratic sequence which




: ~aco‘:ents of later differential uplift canyon cutting, and alpine
. glaeiatior;. Basalt flows fed from local vents poured out over
o part of the upland area. Fragmentary teeth of an Oligocene
E 4rfx.inoceras, Hyracodon sp., collected just east of the mapped
~ area from earthy tuff beds probably 2,500 feet above the base of
b the volcanics and apparently stratigraphzcauy higher than beds
exposed withm the qua.drangle. indicate a probable lower Oligocene
age. (Hough J., 1950, wrttten communication), for at least the
‘ " iupper part of the series,
| " Unconsolidated fan gravel and fan breccia of the Ts § map
: unit blanket a pedimented surface of moderate local relief cut on
the Oligocene and older rocks aiong the southern and eastern part
B ot the mapped area, Gravel extends several miles into the moun-
- tains along the side slopes of the canyon of Birch Creek and

probably was originally much more extensive in upland areas

-73-than at present recording a time of accelerated downouttmg
:T;:vrhich fouowed a long interval of mild erosion to a mature land
surfa.ce. Associated mudﬂows, from within the central mountam-
ous portion of the area, were at least in part the result of the
dlechanicany unstable bentonitic material which formed the matrix
of%thejgravel. This weathered tuffaceous matrix. probably supplied
int)ert from the underlymg Oligocene tutfs, penmtted transportation
otvezy large erratics" for a number of miles on gentle slopes.

. ‘rhe age of these gravels cannot be stated more closely than
post-ongocene and pre-Pleistocene.

An overlying unit of limestone pebble gravel is exposed
mr a coosiderable area northeast of Argenta. Lowell (oral ,
ommunication) reports similar gravel members interbedded with
13



the cemented eqmvalent of the toffaceous boulder gravel in the
quadrangle to the south. .
Brown-stamed quartz:.te gravel locally forms a cons;ncuous
] veneer, commonly no more than a fe\v feet thlck on a prominent '
pedimented surface cut act:oss ?l‘ert:ary gravels aaé ulder rocks
in the low foothills east of Argonta. Mappmg mdicates that thls
gravel is either hmited to areas underlam by Térﬁanx‘ ‘tui‘b- ‘
. aceous boulder gravel or lies downslope from such area. Else- A'
: where the pechment surface is thinly soil-mantled Thxs gravel
» and the pedzment surface beneath it are referred more or less
: | arbxtranly to the Plelstocene.
-'  The lower course of Rattlesnake Creek is through a flat
gravel-floored valley a few hundred feet to several hundred yards

~in mdth above Argenta and wxdening rapxdly to a broad plain down~

A f stream. These gravel deposits, and a simllar gravel on a broad

\‘-

graded surface formed by an earlier course of B:.roh Creek have

44444

< heen mapped as Pliestocene valley gravel The present stream |

,z R

| »‘ channels are ae nmch ao 80 feet below trne older gravel surface. .

i Alpine glaciers have deposlted extensxve morauks \vitlmz
'the mountains of the'c‘;uadrangle At least,two stages are recog—




ea

' " and sou which effectively mantle the bedroclr some of these later

silicic lava and andesiuc pyroclasuc rocks occur Iocaﬂy and rnany :

Post-glacxal deposxts include Recent talus, .-muvial nm ngs A
of glacial basins. and most if not all of the anuvium anng the i

preSent stream courses. On the map Recent talus and alluvmm have

been shown separatel’y. Older, weathered talus has been znapped
as part of the multifarious "cover" unit which aIso includes Iand-
slide debris slope wash and areas of residual rock fragments B

dep051ts would be included by many geologxsts in a more broadly
defmed alluvial unit, These diverse deposits grouped in the cover" o
unit probably range in age t‘rom Tertiary to Recent. :

__g'neous R@cks (B

IR i' e Volcanic rocks

The earhest 1gneous activity recorded in the rocks of this

£

. .
. ',.' \. « ',f Ly

- . b c "—;—; ;‘
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southeastern i‘oothills Two small plugs appearﬂto be the source

of part of the basaltic laira. Mxnor masses of intrusive rhyolite :
' may have been feeders for the tuft and rhyolitic lava. 4 '

L™

o - Intrusx.ve rocks o L

S Lo

Plutonic intruswe rocks of granitic texture, emplaced B
during the interval between the Paleocene volcam’.c rocks and the'
Oligocene volcanic rocks occupy the entire northwestern part of
the area. They also occur as smaller masses thhm the belt ot‘
Paleozoxc carbonate rocks running southerly from the eastem
margm of the ma;or pluton. The magcr pluton and the ma;onty
of the smaller masses are dommantly biotite-hornblende quartz
monzomte. The rocks of the smaller masses are distinctly fmer

grained and more variable in composition, but lack the associated

bxotite quartz monzomte facies which characterizes the larger S '

;v; ‘_.

ts.ming orthoclase phenocrysts commonly a centirneter across. ~

e :The gramte 1s dxscontinuously exposed along the walls ot Rock

,‘.vvt i’ '.\. "

- snd acccrda:i{sngets& aplite‘are lccally'ahundan'" near the contact -
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The remamder of the smaller plutonic masses are grano- g

"y

dioritxc in oomposztion' ln a few instances, adjacent dikes of ‘
andesxte porphyry appear to grade to granodxorite porphyry wmch
in turn merges into granodxonte, Andesite porphyry masses
distant trom granodiorite exposures occur m the southern part
of the quadrangle, notably at the Ermant mlnes. These bodies
are ln part szll-like and in part emplaced along pre-exxsting faults.
Independent evxdence for both the quartz monzomte plutons |
and the granodzonte-andesxte masses mdzcates that these rocks |
were emplaced after the cessatxon of thrustmg and later than most
but not all of the associated steep faultmg. No ev1dence as to the
relative age of the two rock groups has been recognized.' The biotite
gramte at Brown' s Lake is presumed to be younger than the quartz
monzonite but defmzte evidence is lackmg. ; }
:'» : ' Latite porpbyry sxlls and sill-hke bod1es mtruded along

thrust faults occur on French Creek and extend southward across

Rattlesnake Creek This rock resembles the trachyte porphyry s




"‘. . Contact metamorphic effects o
An the plutonic rocks--the granodiorxte, the quartz
monzonite, and the Brown' s Lake granite—-have contact-meta-

¥, 38 e L 5.

;'»i.j’morphosed the intruded rock.s. : The znost extenszve area of

e

: ,,contact-metamorphosed rocks Iies adjacent to the eastern margin
ot the main quartz monzonite mass: NorthtoLost Creek trom a

i'"point near the Greenstone mine the sediments have been meta- e
_' morphosed for a distance ranging from a nnle toa mile and a half
east trom the contact. North of Lost Creek contact metamorphism
is even more extensxve but limits have not yet been closely de-

' termined. At Tower Mountam, in the central part of the mapped
" area, the sediments in the broad thrust zone beneath the Kelley

: _thrust have been contact-metamorphosed for a distance of two
~miles south of the closest exposure of quartz monzonite. At

-"_;_,both these Iocahtzes. and at numerous others more restricted in

extent the carbonate rocks have been t‘ecrystamz e d to marbxe STl

--J~¥

especiany those with an appreczable pro;‘:ortion:ot carbonate. have '

5)" g

by faults of Iarge 'displacement before the ‘deposftion of th



underlying Belt rocks were block-taulted and locally folded be-
fore the deposition ‘of upper Cambrian beds. Mild local folding

: occurred during the post-Triassic pre-upper Jurassic erosional
',_tnteml. N Folding at the end of Cretaceous time was followed by
i :;f’_strong folding and thrusting during the Eocene epoch, There is
suggestion that minor addiuonal uplift and i'olding may have re-
“sulted from the intrusion of platonic igneous masses after most of
the faulting and prior to the deposition of the Iower(?) Oligocene
volcanic rooks. Later steep faults cut the Oligocene volcanic
rocks. Faults of this period of movement are believed to have

): -A‘ modiﬁed the conﬁguration of the mountain range. No faults of
Quaternary age are recognized in the mapped area although they

ocour withm the region.
Pre-middle Cambr:an foldmg and faultmg

On the east flank of Humbolt Mountain

fore xniddle Caxnbrian time. ‘



fault as measured by the pre-Cambriah rocks is down on the north-
east, The lack of an unfaﬁlted section of the upper unit of the Belt
rocks on Humbolt Mountain precludes measurement d‘ the probable
o pre-middle Cambria.n throw on this fault.
Near the western boundary of the quadrangle, at a point a
-~ mile and a half northeast of Black Mountain, a northeast-trending
| "fauit'in a poorly exposed area appears to drop Wolsey shale in the
’soutvheast block against Belt quartzite on the northwest, However,
thé throw of the fault as measured by the pre-Cambrian rocks is
up to the southeast by a large amount.. Similar relations appear to
occur a mile farther to the northeast where the net stratigraphic
~ throw of the Belt sediments'is believed to be of the order of 5,000
- feet,
Many other faults, active in later periods may well have
_been in existence in pre-middle Cambriém time. Present evidence
V, indicates faults of northwest and norfh-northeas§ trend; the orientation
of fold axes cannot be confidently stated from present knowledge,
| b‘t_xt available evidence suggests a northerly trend.
' A | A Mid-Cambrxan block faultmg
\ After the depositwn of the xmddle Cambnan Flathead and

Wolsey sediments but prior to the deposmon of the upper ‘Cambrian Pil-
o 'gtim.(?') dolomite. the rocks in the lower plate of the Kelley thrust
'were broken by a mosaic ot steep faults, mostly of small displace-~

o ;xnent. Two miles northwest of Argenta, the Pilgnm( ?) ddoamte of

7+ upper Cambnan age and the Jefferson dolomite of upper Devonian
age overlap Belt and Flathead rocks. The older rocks are broken
s by fault.s t;'ending a little east of north, as well aS‘ by faults of

R

20



wester(y and northwesterly trend, Later movement on these faulfs
has af!ected the overlymg rocks but Cambrian displacement is
. made evxdent exther by a change in rock units below the surface of
| g ; monformity or by a ditference in the amount or direction of throw
as measured above and below the unconformity, The largest fault
appears to have a Cambrian throw o!,' Several hundred feet,
‘ In the s.rea prevxously descrxbed the rmks below the uncon-
tormity dip gently southward the dolomxte beds above the uncon-
!’ormity strxke about N. 30’ E. and dip 30te 45 degrees to the south-
east, At the nme of deposition of thg dolomite beds the rocks below
' the unconformity in general trad nortrr-northea.st trends and dipped
to the northwest at angles of 15 to 40 degrees. The strongly angular

relations along this contact are believed to be the result of erosion

of a ﬁnear flexure ot‘ north—northeast trend poss1b1y a Cambnan

A t’orerunner of the ma;or antzcline trendmg southward {from Humbolt
s A

Mountain Coarse boulder breccia exposed along this contact just

"north of Rattlesnake Creek indicates Iocal sharp relief on the older



yes't, in&olé\e volcanic rocks ‘which are of probable Paleocene
o I{'-a'gé' and are overlapped by volcanic rocks of probable lower Oligocene
.‘agé.: In th‘e'-‘ northwestern third of the at‘ea this structural pattern is
: obhterated by a large pluton of quartz monzonite, younger than most
" of the faulting and folding and older than. the Oligocene volcanic rocks.
, . -/ The dominant structural element is the Kelley thrust which
- ‘ oo_torops in the west-central part of the area. 'This fault, which has
‘la i.n:iesterly' dip Hlear the‘ surface, carries Beit rdéks over tightly folded
- Mesozoic and Paleozoic rocks. North of Kelley ﬂam on Rattlesaalte_
C,t'eek the thtjust has an average dip of about 45 degrees to the west
at the surface. South of Kelley Dam the fault appears to flatten
, ahd locally may be almost horizontal,. Throughout a distance of
- ;tw'elire ond a half miles the undulating trace of the fault almost
E evéryinhét'e coincides within a few degrees with observed local
'f& strikes in the overlying quartzite beds,
: Beneath the Kelley thrust the Paleozoic and Mesozoic rocks |
- are folded into a series of narrow synclines and antxclmes, over- ‘
turned toward the east and broken by relatively minor thrusts., These

) -:"n__faults which vary . in number from four to eight at chffetent localities, .

form a two—xmle-wide zZone wlnchsimulates the undulating trace of
the major thrust. The dxsplacement across the Kelley thrust and the
3 nnderlying zone of lesser thrusts is unknown but can hardly be less
thanﬁve miles~ it may be much greater.

.Iust east of the thrust zone in the central part of the area,
ot‘th-plunging Belt rocks are exposed along a major fold, the
Hutnbolt mountam a.nticlme. In the southern part of the area south-

phmging Paleozoic rocks are exposed along the southern extension



of the anticline. This corrlpoun& structural higlt, wlrlch probebly "

had its mception ina pre-mlddle Cambnan perxod of {oldlng and

- faulting, was certalnly aﬂ’ected by rm.ddle Cambrian orogeny. The
" early Tertiary axis, strongly modi!iecl from the earlier axes, is

m.olded into conformtty mtlx the trace of the broad thrust zone that

parallels the Kelley thrust itself I '-j_‘.f_

The Humbolt Mountain anticline 15 2 broad fold | dxpsAsteeper
than 45‘ are uncommon withm a distance of two miles east of the
’".".a[xis‘..j Farther east the beds steepen ancl are thrown into a series
“of assymetrm folds, generally wfth west-d:.ppmg axxal planes. In
townslnps 4 and 5 aﬁouth the folds plunge to the north at angles up to
{"fj, 25‘;: 'I’o the south in T. 6 S. the plunge angles are smaller and not

T

consxstent in dxrection. T

A

The Humbolt Mountain anticline and the folds to the east are

S bel.‘leved to lie in the upper plate of a ma;or Iow-angle thrust. | Tlus“

..v.l

fa.ult the Ermont thrust is vexposed in rollmg country of low rehef h

along the south border of the map area. south and east of the Ermont—‘

ne. Z mine. Ca.rboniterous limestone dipping gently towards the N

“r ’ - "su-,
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The Ermont thrust is not exposed within the mapped area
north of the Iocaliues descnbed above. Neither does any PaIeocene(?)
volcamc rock crop out north of these Iocalities although such rocks |
" occur i.n a broad area in the quadrangle to the south (Lowell)
From the foregomg it is postulated that the trace of, the -'
Ermont thrust trends east-southeasterly bmath graveis froin near
the i'}ramut mines to some poin;t near the southeast corner of |
the mapped area and there bows to the north beneath Oligocene '
volcamc rocks. Minor Iow-angIe thrustmg in ughtly folded Meso- '
zoic sediments at two locah’nes near the eastern margm of the
pre-thrust rooks suggests the presence of the ma,]or thrust at )
| " a shallow depth The diSplacement on the Ermont thrust is un- .
known, but must be at least several zmles.. Two mtles southeast) ot‘

the Ermont xmnes, east trending minor t‘olds w:.th north-dzppmg

axial planes in andesm.c rocks beneath the thrust suggest southward

'~-_1'; movement of the upper plate. _'

hy the early Tertiary faults that vthe 'orogeny took place in several
o episodes o! thrust movement, each touowed by a.n episode ot steep ‘_ _".'

R




Later}} Tertiary folding and faulting

Mapping indicates that Oligocene lavas have been displaced
| agamst older rocks by steep generally north-trendmg faults at o

posures ozf actual fault surfaces have been seen nor has any hydro-A

thermal alteration or mineralization been noted along the presumed

fault contacts. lt is possible that some of these steeply dippmg o
linear contacts represent accntnu!ation ot' Lava agalnsm older 1‘ault
scarps as has been reoognized at one locality along the Kelley

thrust but it 1s believed unlikely that all may be due to tlus process. '

None of these presumed fault displacements need be greater than

severalhundredfeet. “ I AR A

'I'he major quartz monzonite pluton is cut by north-northeast

trendxng fanlts believed post-Ohgocene in age. Along the canyon

of North Creek in the northeast part of the area the quartz monzonite

“which has offset the\ beds in the northwestem block as- muclr ashalt

e S
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o - To the West three a:nd one-half miles from the can;ron of |
North Creek a parallel pre-glacial trench is beheved to be under-
lain by a sxmilar fault zone. The trench extends completely across
the northwestern ‘quarter of the Willis quadrangle and is every-

: where mantled with moraine. In the southern part of the Brown's
;;.-Lake area a deep saddle in the quartz monzonite marks the zone
and north. of‘\t.he oroad morainal cover in Rock Creek canyon pre-
15"’pio'ton‘ic sediments are slightly offset by the continuation of the zone
. which here has a northerly trend. “This offset, which cannot be

- more than several hundred feet. may well be the result of later
Tertia.ry movemenr superimposed on Eacene pre-plutonic dis-
placement ‘fhe postolated post;quartz monzonite movement is

. believed to have elevated the western block.

The Ohgocene volcamc rocks are commonly gently warped

and tolded. , D1ps up to 20 degrees are common, but to an uncertain

,,r

extent are due to inchned depositxon. East of the southern part of

:j ‘the mapped area a thick tuff section in the Frying Pan Basin has a

”:regi‘onal east dip towards the axis of Beaverhea.d Valley, commonly |
s*s‘t.eep as 20-25 degrees. Two and a half miles north in secuons
and 8 T. 6 S., R. 9 W., Mesozoic sediments on the strongly
overtorned and thrust-faulted east limb of a ma.Jor anticline are
overlapped by Oligocene tuff, These Tertiary rocks in general strike
orthand dip east a.t moderate angles but about a half mile east of -

’e \veootact, they steepen rather suddenly to 80 degrees. The base

an. overlying thick tlow sequence is vertical and individual flow
lzxers dip steeply westward, " Tertiary fan gravels lap across

the'volcanic rocks to the east and cover most of the area along the
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the strike. ’rhe locany intense folding 1s beueved due to a renewal

ot movement on the Ermont thrust, which 1n this vxcinity is sus-

pected from independent evzdence, to underlie the Mesozoxc rocks

ECONOMIC MINERAL DEPOSITS
: Ore Deposits

The metanic mineral deposits of the mapped area are
estimated to have yxelded ores worth about $5,000, 000,00, Almost
all the production has come from the Argenta district, which em-

braces a large area south of the Birch Creek dramage divide, Most

“of the remainder has come from the small Utopxa district on Birch

- ER
> .‘ -

Creek. A

However,

Monta.na, fwas origina.lly a producer of lead and silver.

R g g e sa pdg et N o el ks
ﬁﬂ%};‘: Py ey,

During the nexthtive 'yea.re_thre umore lead-silver deposits were

re

,,& :}r‘

187 six-of the nine largest lead-silver producers in the
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ln the succeedmg years new deposits were found a.nd the ores
were smelted in the Argenta. smelters until after the buildmg of the
o razlroad in 1882 sznce that tixne the ores have been shipped to '

‘r-o

- smelters or 1n a few cases mﬁled locany and the Argenta smelters

V.f:.have Iong been aba.ndoned Z/ _ -' A f" ' .I ;: ‘

YR e R R -t

| ; Although some gold was produced from earlier mming ot

A ,t

Alead-silver ore, the Golden Era dewsi the tirst in which the ore

wes largely valuable for the gold contex:t was not discovered until
'1“4’:1880 the bulk of the gold production has come from deposits dis-
: covered sirxce 1926 -In that year the first of the Ermont deposits
o was located gold produced from the Ermont mines in the decade
from 1932 to 1942 accounts for more than one-thitd of the esti-

"",mated total production of the Argenta distriot. !

P
v N

1:‘ The UtOpia chstrict on Birch Creek, has been a smau

producer of copper. Copper ore was discovered durmg the 1860* s

but.no bsignificant production was made untxl after 1900 A sman

i

O

_/s?est: tor historical sketch taken Iargely frox# Shenon, 1931 o
PP. 37-38.




nTwo groups of lode gold mines and a sman placer gold de- |
-posit have in the aggregate yieldeci about $Z 00(.. 000 00 The lode gold

..-,‘

-productioxt makes up by far the greater part of. the totaI and has all

boew

jbeen won since 1932 Gold is the only metal of commercial importance,
;although sﬂver occurs in small amounts and antimony and mercury Y i

are associated locally. A cons:.derable additional gold production




: ""‘zone'.‘ ‘The no. 2 mine produced ore from an acute strike-wise wedge
g of partiany silicified basal Three Forks dolomitic shale under a

$ gently transgressing sill-like hanging wall of andesite. Post-

andesite fractnring is not conspicuous in the underground workings;

oniy a minor amount of ore was won from the andesite, Mining was

>-""-:fl"‘k'near1y continuous along a strike length of 350 feet and down the dip

'i'f:iffn‘from outcrop for about 400 feet at which lower point the andesite -
;:{"'_‘_cut nearly vertzcauy dowmvard across the gently dipping favorable
'shale beds, All the ore seen by the writer from these two mines is
o:ndized limonite as pseudomorphs of pyrite is the only metallic
}constituent recognizable, gold is but rarely detectable by panning.
-The operators report that unoxidized ore was found on the bottom
‘level of the now caved no. 19 mine. A small nearby deposit along

'a. northwest-trending fault zone in dolomitic shale produced some

ore containing a considerable amount of stibnite and a little cinnabar.

Shafer group.--The Shafer group of gold deposits, on French

reek. was discovered in 1934. . The group has been exploited by
four mines. the Discovery, the Park the Cross. and the Yellow Band.
They }are in Jefferson dolomite along or a little below a gently
t:dipping thrust fault, At the Discovery mine strongly crushed
e-grained gray quartz containing visible metallic gold has re- -

~~~~~~

')hced handed cave sedixnents(?) formed in the footwall of a thrust

fault. k‘rhefa.ult dips westerly 22 to 28 degrees carrying upper Mission
Canyon ] limestone over the Jeiferson dolomite. The deposit has been

toped along the strike for about 200 feet a.nd down the dip for 240
_feet.‘ with trial stopes for an additional 175 !eet of dip length. Several
smalljnorth- rending steep faults have inﬂuenced ore deposition. At
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the Yenow Band deposit discovered in 1946 banded cave sediments
deposited in bedding-plane opemngs in the nearly horizontal black
'dolomite ha.ve been faulted buckled and sihcifled to t‘orm the host -
‘ ‘rock for the gold North-trendmg steep faults appear to have Ioca]iized
.A the mmeralizat:.on. Th:.s deposit has been the richest ot the groupi |

e R
x -

‘ 'During the three-year period 1946-1943 5, 150 tons of gold smeltmg
ore averaging 0.774 oz. gold and Z. 95 ozﬂ.\sﬂver to the ton was
shipped from the Shafer group (Minerals Yearbooks, 1946-1948).
This ore, with an average value of $29.74 a ton had a total value of
“ $153, 1'50. 00‘- and was almost all mined from the Yellow Band deposit.
. The ore is commortly a finely crushed light-gray or white quartz
.carrying visible gold, locally it contains stibnite a.nd cinnabar. 'ch-' .<
. ducuon was stopped by a cave-in in the fall of 1950
| . 4 Lead and szlver |

The lead and sxlver production has come from a Iarge group '
N of xmnes in the Argenta dxstmct some of wl'nch have also produced :

g conszderable amounts of gold others zmc or copper.

Replacement deposits in Paleozoxc carbonate rocks are the

—»-.f"most numerous and a.ccount for the largest production. ' Lead is

'
AT



surtace except where galena 13 the only sulphide. The presence of
—‘ much pyrite has 1nvariably resulted in nearly complete axtiddtion of

. the ores.. L ', |

j..ii. ff' Fissure vein depcsits along steep faults and fractures in Belt
'i-..-‘,‘shale and Belt and Flathead quartmte have yielded ore estimated to
B be worth more than 2 half million dollars, Gold is the most valuable
:"-'_:t;.'product with Iead and silver as poor second and t}nrd in value re-
"?fi‘?’spectively. The ratio of the gold value to the sum of the lead and
silver values appears to be considerably greater in those deposits

- | occurring mostly in shale than in those largely in quartzite, The
\deposits bave in general produced relatively lugh-grade ore. Ore
P from one substanual producer for several years averaged about 0, 75

,,:;'oz. gold and 7 5 oz. sxlver to the ton, and perhaps 2,5 percent lead,

fé'_'-The veins appear for the most part, to be simple fissure filhngs
tvhich vary m thickness from several mches to several feet, and
consist of galena and pynte, m some cases accompanied by dark
spbalerxte, in a. quartz gangue. _ Oxidation of the ores has generally

notwheen as severe as the oxidatxon of sxmilar ores in carbonate
rocks b tinkone d 'posit that exploited by the Midnight mine, the
Oxidized zone was ,reported to extend to a depth of 200 feet (Winchen

‘ruscaror‘ ancl Tilden mines.--'rhe Tuscarora mine in the

.,.,\.,

north-central part ct the Argenta distnct was discovered in 1865 and
1 adjoining Tﬁden mine within afew years Iater (Shenon, 1931, p. 60). |
Muast of the' productxou Wes made before 3900 according to Shenon, who




estimates a total yield of from 7, 000 to 10; 000 tons (1931 pi 60),
- Most of the underground workmgs of the Tuscarora mine are inac-
~ cessible; the Tilden workings are accessxble 1n part,

o These mines have yielded lead ore largely from the lower gray
meinbér of the Jefferson dolomite a short distance south of the Tuscaror.
fault, an east-trending vertical fault zone, pre-mineral in age, which
bringé these rocks against the upper merﬁber of the formation. The
rucks trend noz;theast and dip 20 to 40 degrees southeastwurd.

Close to the Tuscarora fault, the intersection of fractures
parallel to that fault with one or several favorable bedding zones a
few feef thick has controlled the formation of pipe-like ore shoots
- which locally coalesce to "Mantos". In the Tilden mine the favorable
. zone is about 55 feet below the top of the lower member of the Jef-
teréén. At a greater distance froni the Tuscarora fault, particularly
in the Tilden wofkings, steep joints and faults of very small dis-
placement trending from N, 10° W, to N. 30° W, have controlled
gmaﬁ ore shoots, These include vertical tabular bodies along the
fractures as well as underlying, nearly homzontal small pipes at
the intersection with the favorable bedding zone. These shoots
~?tex'minai:e at distances of 100 to 120 feet from theieast trending
‘:'.Tuscarora tault.} :

South of the Tuscarora tault several north-trending faults, pre-~
Amineral in age but only weakly mineralized, have progressively raised
:the Iower member to the east, repeating the favorable zone or zones,
North of the Tuscarora fault in the Tilden mine is a pipe-like ore shoot
}controﬁed by the intersectzon of that fault and the uppermost beds of the
lower member of. the Jefferson.
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» At these mines ore has been produced discontinuously along an
- east-west stnke length of about 800 feet and to a maximum vertical
: depth of about 150 feet. The ore ‘was largely oxidized, much of it
B is reported to have been a granular " sand carbonate. " but locally
2 , lumbojarosite was mmed residual galena can be found in the siliceous
i. ', rinds or casmgs left on the walls of some ‘of the pipes. |
3 The ore shoots are believed to have replaced the dolomite, but
some present the appearance of havmg formed as fillings of solution
. caves. The tubulular openlngs of the ore-pipes, now stripped of their
| ’ oxidized lead ore, are strikingly similar to those formed by under-
- ground circulation of metermc waters, The uppermost parts of some
: 'of the tuhes, away from which the ore contracted during shrmkmg
.' ca.used by oxldation, isa gently undulating solution surface on wmch
| neither Bedding planes nor fractures can be detected

f Mauldin mine.—-The Mauldm mzne, atop the low hill just north

of the vlllage of Argenta, was located early in the history of the
district The mine was little developed until 1942, the beginning of

the present period of operatzon. In recent years the mine has pro-
duced the majority of the distrlct‘ s annual yxeld with a total ore value
- ot, ssa'r.zso oo m the three~year period 1947-1949 (Minerals Year-

ks '947-1949) _ PRI ,
-_Iate December of 1949 the m.ine worki.ngs totaled about 2,500




lower part of the Amsden formation, ha.ve a general northerly strike
aud dip 20 to 30 degrees eastward; They have been contact-metamor-
phosed by the Argenta quartz monzonite stock which outcrops a few

;_“hundred feet to the south. The upper limit of commereial mineral-

ERCEN

f:::"."ization in at least several of the veins is formed by the intersection,
iin the eastern block of the vein fault ot the fault surface and the base

A u_.\ B -—__f ,x.,,, » N L M v:,rew< -vr oY '<~ Are- ‘q,.., 3 4*'

: »ot a thlck hed of sheared sericitized hornfel,s overlying carbonate beds.

Just below the horu!‘els the vein comptonly swens outward into a pipe
,.parallel to the mtersectton. One ore shoot has been mined along a
o strike length o ISO feet and through a dip Iength of more than 100

t

 feet, commonly to widths ot a few teet.
- Much of the ore, especially in the upper part of the mine,
), ) ;was a mixture of jarosite and plumbo;arosite, tormed by complete

‘;f"oxida.tion ot a.n original sulphtde assemblage that probably contained

much pyrite. ; This ore is soft and massive vnth a velvety surface,

i is mlnutely toliated “and varies Ln color from yellow to clove-brown. '
When lightly rubbed'with'the ﬁngers, the tiny scales adhere to the hkﬂn

ais\"

barren marble : C_erussite and residua.l galena are‘ common locally

o N e il

ore was: produced havlng;ag a*"zkéf'age value !or.the coutained metals of

vt - ».»qr* k‘,,v S LR [N ;-;w?.,' '

3 ‘Average for 1948-1949° only.i‘
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L comer o
; Most of the copper production has come trom one mine the
Indian Queen. In addiuon, the Greenstone mine in the Utopza di.strict ;
B \has produced a small amount of copper from pockets of oxidized ore - ,“.
in tactite adjacent to quartz monzom’.te, but the greater part of the B

remammg copper productmn has come from four small lead-zinc- -
."“copper mines in the quartz monzonite stock at Argenta. , These mines 3
"~ worked small tabular ore shoots in north-northwest-trendmg verucal |

fractures and fracture zones. ‘

Indian Queen mine,—The inﬁie’is said to have been found in .

. 1887 (Stevens, 1906 P- 581), but apparently did not yield more than
' 'test lots of ore untzl the early 1900' s. Most of the mine' s recorded

output was made from 1903 to 1908 but lessees contmued te make

- small Spora.dzc shxpments of copper ore until 1923 mostly, if not
."_'entirely. from reworkmg of stope ﬁll and dumps. “ L




‘«".

"with malachite a.nd azurite predominaﬁng 'l‘!hi tﬂuch tich chaIcocite
i vore was xmned bornite and chalcopyrite were reported by Winchen
e, pT 63). e
- - - / _:.f: Regional ox'e control . S
o | A north—northeast alignment of hydrothermal mmeral deposits \
- and districts is nouceable in the mapped area and vicinity From the
X Bannack distnct south of the mapped area to the Utopia district on’
| Birch Creek a span o 20 miles is marked by 5 sman districts orul"
groups of deposzts in a remarkably lineararrangement. These |
i . entities, the Bannack district, the Blue ng dzstrict the Ermont.
i'deposits, the cluster around the Tusdarora-'nlden deposits in the |
northem part of the Argenta distnct and the Utop:.a d).stnct ac-
| -count for nearly one-half of the mmeral production of the connty.
::.The alignment of these small camps disregards the surﬁcial structural
: pa.tterns, and whxle no more than 1ntrigumg perrmﬁs the speculation |
thaf.' a. through-going basement nneament may have been a fundamental

control in the location of the ore-dist:;icts, i A. R

" ‘{qr tnngsten caus ‘d ,large’price Increeses Iate"in 1950 and

«:




the earlier Prevailing prices. Thfs féctot‘ and the more‘ favorable e
. buying schedules for high-molybdenum tungsten ores resulted in an

unprecedented search for a.nd development of tungsten deposits in 4

the area. LT ; LT j \f{'{.
Insofar as is known at present tungsten mineralization in

more than trace amounts is confined to areas of contact rocks along

-

the margm of the major pluton of quartz monzomte. The only known

el

B exception is the reported presence of 1solated molybdenum—free
scheehte crystals in quartz vems within the major intruswe ata
consxderable dxstance from the margin Most of the tungsten pros-
pects tha.t from present knowledge give prozm.se of commerca.al grade

| and tonnage lie in contact-metamorphosed carbonatic rocks of the -
Amsden formatlon along the eastern margin of the ma.in quartz o
monzomte mass. However, _older hmestone of Carboniferous age

. ': and dolomite of Upper Cambrian age have been nnneralized south oi

Birch Creek in the Utopia dzstrict. No roof pendants or mappable

inclusions ere known except a very small and neerry barren one west




remnants of carbonate rocks and interbedded, more or fess carbonatic
3 shaly rocks are the host for the tungsten mineralization,
: Five known areas of contact-metamorphosed Amsden formation
e are recognized along ihis segment of the pluton's margin; each area
: : contains more or less tungsten., Tungsten, as fine-grained high-
“powei‘nt'e scheelite, is largely confined to bodies of tactite formed
" by addititive 'contact-inetamor;‘)hism of marble and hornfels, The
dominant and ever-present component of the tactite is brown and-
radite gax;net& typically in well-formed crystals up to a centimeter
| or more in diameter; which in many places makes up almost the
_entire volume of the rock, It is generally accompanied by more or
| iess interstitial quartz, in some places by calcite, Epidote and/or
S diopside occur.locally in variable amounts, accompanied in some areas
by magnetite or specular hematite, The high-powellite scheelite
7 'commonly occurs as very small equant crystals, typically a few
tenths of millimeter across, sprinkled through interstitial quartz
and the outer shells of garnet crystals. Secondary powellite is wide-
spread as small disseminated grains and also fills joints and fractures,

_The scheelite almost invariably fluoresces a creamy yellow or golden

;iyeilow so nearly identical to the fluorescence of powellite that the two
Iminerals commonly cannot be distinguished by this property.

‘ From the Greenstone copper mine north for about 5 miles to
-,Bost Creek the contact is roughly accordant with the sediments, which
"-Strike north a.nd dip east. In general the dip steepens from about
»4-0“ degrees in the south to about 75 degrees in the north. At the
iGréenstone mine several very small shoots of high-powellite scheelite

occur associated with oxidized copper ore sheared magnetite and
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:»».‘A;\'E'a‘_rnet'-trieh tactife roc’k; at the hanging wall of a thick bo‘&y of tactite,
‘ Three huhdred yards south of the mine a conspicuous dip-slope ex-
kposure of contact rocks can be traced for a strike length of about
i;’?‘“«:’éoo feet. At the nud-point the exposure is about 175 feet in width
‘ but i‘s relatively thin, made up of a veneer of Amsden tactite underlain
by a layer of gametized quartz monzonite, Fine-grained high-powel-
lite scbeelite and splotches of powellite occur throughout the exposure
but available information suggests that the tungsten content is very
low, The intrusive transgresses the Amsden eocks north of the mine;
1 ,000 feet north the quartz monzonite is in contact with the overlying
Quadrant quartzite. |
N The southern tip of a mile-long belt of Amsden sediments
.hes 600 yards north of the Greenstone mine, Scheelite occurs in
;.v ,i:tactite at several pomts accompanied at one locahty by considerable
';;-_ molybdenite, To the north no contact zones have been recognized

hetween this belt and a long band of contact-metamorphosed Amsden

sediments extending for a xmle and a quarter south of Lost Creek,

/ .

ftomthefint:uswe by 50 to 75 feet of tactxte and marble, The mineral-

ized zone»appears to be about 150 feet below the gradational base of

Y Y



fthe Quadrant quartzite but lack of adequate exposures precludes a

det'inite statement. At the southern limit of exploration, just north-

east of West Adams Peak, bulldozer cuts have exposed a very

__"promising tactite body for 550 feet of strike length. The intrusive
f"_’contact is crosscutting in part and an apparently continuous tactite
body follows the contact. A score of feet from the intrusive the
:?;f‘.ﬁf,-ﬁtactite breaks up into fmgers at several stratigraphic horizons,
L separated by bands of marble. The richest concentratlon of
Scheelite is believed to occur where the quartz monzonite cuts across
‘.;jthe bedded rocks and in part is locahzed just beneath steeply dipping
marble hangmg walls. ‘

o N  Present information suggests that the Lost Creek area may
: contain a very large tonnage of marginal ore.

North of Lost Creek the margm of the quartz monzonite pluton

;Vvhas a rather linear northwest trend and a very steep dip and is believed
to have been controlled by a pre-intrus:.ve fault zone, The intrusive
ross-cuts the’ sedzments which in general dip gently eastward, Half
-a;;mile north of Lost Creek a small area of contact-metamorphosed
Anxsden rocks contams pcwellite and a little scheelite, A quarter of
,,mile‘farther to the northwest a bulldozer cut is reported to have

xposed unmineralized carbonate rccks at the contact. These were

‘ot‘aeen by the writer. Northward to the Ivanhoe tungsten prospect

on Bock Creek the quartz monzonite at the surface is in contact with

rocks: 'strattgraphically above the Amsden formation,
The Amsden formation is exposed along both walls of Rock

_‘,eek canyon east of the quartz monzonite intrusive; here the beds

‘generallyi trend a little west of north and dip gently eastward. A



So-toot unit of ftne-grained thin-bedded quartzite, Believed to be )
the basal unit of the tormation, forms the accordant roof of a mass
of biotite granite. On the v;est the granite is in trregnlar gradational

contact with the quartz monzonite approximately along the projected
trend of the east margm ot the xnajor pluton. The granite is presumed

to be younger than the quartz monzonite and is eertainly younger than
most of the faults exposed m ithe north wau of the canyon. : o

» | Tactite is hmited to the lower part of the Amsden formation
ma short distance above the biotite gramte.. Scheelite concentrations
of commerczal promise appear to be restricted to & northwest-trending

) zone which lies along the projected trend of the east margin of the
qua.rtz monzonite. \ ‘

| 2 o The Ivanhoe tungsten prOSpect is located on the steep, ghciated
south Wan of the canyon in an isoIated I 300 foot strip of outcrop

are on the ivest nmb c! a smau mﬂcnmAMWe, :the beds strike




N '3"-:

- bedding-plane shear zones in both tactite and marble. Chaicopyi'ite
and bornite are the common sulphides. Three cars of ore were shipped
~ in 1928 and 1929 (Minera.ls Yearbooks 1928-1929).

R i Scheelite-xmpregnated gamet-rich tactite overlying biotite
granite is exposed along the north wall of the canyon at the Mammoth

B St TR e, e

adit. ‘ 'I’he tactite, beheved correlative wzth the lower part of the

‘ tactite zone at the Ivanhoe proSpect has replaced a smgle bed about
. 8 feet thzok. and is separated from the granite by 15 feet of marble, The
;westward.eatehsma of the tactite is sovered by glacial moraine but
| several hundred feet to the west a prospect pit discloses scheelite-
impregnated tactite with veinlets and small mass'es of malachite and
aanrite; Qﬁartz monzooite of the maior pluton is exposed a short
_ dxstance southwest of the pit
_ | At the Star claims ahout half a mne north-northwest along
o the east margin of the quartz monzonite, scheeute-impregnated

tactite is exposed in two pits abouty?OO feet apart. These were dug

b;r'the guarfz monzonite pkuton,

et ok




I,QOO feet beyond the Star no, 1 pit, either as float in the covered
R o.xjea or fa_rther'to the northwest alorig the exposed contact of the in-
* trusive in the extreme northern tip of }the mapped area. The carbonate
rocks here weremapped as Amsden but may include some older rocks,

~ ot

"7 Non-Metallic Deposits

T | Pho'sphate
P A few prospect pits and hand trenches have been opened in
the Phosphona formation by prwate individuals but no phosphate has
R "been mlned Durlng 1948 the phosphatic shale of the Phosphoria
f;;formation was trenched and sampled by the Geological Survey at four
_ :lilooalities in the NW% Willis quadrangle (Swanson and others, 1951),
‘ ;The relatwely low grade of the thin phosphate rock layers makes it
’,»;;'very improbable that they will be exploited in the foreseeable future.

E%

Petroleum possibilities

Anﬁcllnal tolds traced by the prominent outcrops of Mesozoic
.,;":”sediments ln the Frying Pan Basin have on several occasions attracted
‘ vthe' attention of wildcatters. Two dry holes were drilled about 1920

: on the m-deﬁned surface trace of the axial plane of the eastern anti-

’ cnne, one hole m the NW} sec, 35, T. 6 S.u R. 10 Wy ; the other a mile
to:the;south in the msuL sec. 2, T. 7., R. 10 W. Both holes collared
the shale member of the Dinwoody formation of Triassic age, the
depths 'to“which the holes were drilled is not known. Very little

Pk

clos'ure .seexfls_ provable along either anticline. However, anothe£
factor of'.:o:xl'e'-fuodamental importance ln assessing the oil possi-
ti"r s ot the area is the probabillty that the Ermont thrust underlies
these anticlines at a depth not more than a few thousand feet, This

does: not rule out the possibility of structural traps in the upper plate



I of the thrust or of compound traps beidw the thrust, but will render
o any search for oil essentially a blind risk until the subsurface position
and configuration of the thrust surface is known with some accuracy.

: _< F The effect of the nearby plutonic igneous rocks on the oil
jpossiblllties of the Frylng Pan Basin area 1s uncertain Quartz
"'kk-f_‘monzonite of the Argenta stock whlch has strongly contact-meta-

s ';i,from the axis of the eastem anticline, yet fresh Dinwoody shale
near the site of the southern dry hole has a strong odor of

e petroleum. -
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