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ORZRAL JTATRMENT

South of ifsscula the Upper iiallece limestone is overlain by a
soriss of argillites and quartaites which were carsfully measured and
named the Yissoula mpl by C, i. Clapp and C, F, Deiss during the
suemer of 19030, ‘The i'issoula group is divided into five formations:
Miller Peak, Hellgate, tidismare, Garnot iange, Sheep rountain, Clapp
end nefes’ used the original stretigrephio secticn of faleott® in he
Delt liountains as the type section of the sAlgonkian rocks in Lontana,
The Upper ‘‘allace umnono‘ of the m:npula section is correk ted
with the Helena limestone of the type seotion, and the iiller Pesk
munu"’ of the lMissoula section with the iarsh aiale of the type
sootion, T7The Larsh shale is the younges$ Deltian formation in the Bels

Mountaine. Conssquently the i isecula group formations above the !'iller

11:. He Clapp and C, F. Delesi Correlstion of Montane g%nkian form-
ations, Ceol, :oc. Ame, Bulls, Vol, 43, ppe 073-600 (1930} &le0

Mont,. Bur, ! ines ard G.Olo. foprint no, L ‘19&}‘

Z1dem: p. 689,

50. De 7aleott: Pre~Cambpian fossiliferous formations, Geol, soe., Am,,

Bull,, vol. 10, ppe 203-209 (1899), ‘
40. He chp’ ard C, P, DBiBs: op. 8ite, Po 691,
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Poak ore not prosent in the 3Belt iountains section,

Aftor the issoule group wes ssesured and nined, Clapp and Delse,
assisted dy A, I, lioNatir, began mepping the Coopers Lake quadrangle,
Montena, In shis avea the lNiller Feak argillite overlies the lelona
linestone and in turn is overlain by a linestone, above which is a
series of intorbedded quartsites and argillites. These rooks overly-
ing the Milley Feak wepre divided by Clapp emd Dttu‘ into two forme
ttons, tentativsly oulled tho Loke limestone end Dvans quartzite,

The lateral grsdation of the lellgate, iiollamore, Cammet Range, and
Sheep Hountain forimtions of the typs Misscula group secticm into the
lake and Dvans forsmsions of the Coopers Lake gquadrangle wus nod
studied in desall by Clapp and Deiss, The investigation of this grode
ation was made by the writer during the summer of 1033 in the attempt
%0 solve the stratigraphic relationships of the Hellgats quartsite
in the type ssotion %o the Lake limestone in the Coopers Lake quadrengle,

' %he Lake 1imeatons and Evens quartsite wore so named becouse of
thoir presenoe on the north slopes of Lake Mountein, in T, 18 M,, R
11 W,, and Evans Peek, in T, 18 N., R. 10 W,, respsctively, When Clapp
snd Deiss climbed Evanas FFeak they found thatd they had mistaken some
ignecus recks for the “wvans Quartsite, For this reason the nome lLvens
quartzite camnot bo published, tut is tantatively retained by oniena
geologistas as o fleld neme for the Beltlan quartsites and srgiliites

6
Ce Fo Duissi Dpersonal ecwmumication,

’c. ¥, Defes: porsonnl caxmmicstion,
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everlying the lake limestone, Consequently the manes Lake limestone
and Evans quardzite are heres used for the rocks so designated in the
fisld by Clapp and lLeies.

LOGATIGH CF AREA

The area inveatigated (Pl, 1) contains 400 square miles, liea be-
tween moridians 113%°05' and 113°27% west longitude and between paral-
2618 47°01¢ and 47°17% north latituds, is within Ovendo quadrangle,
Hontana, and includes part of eastern !:issoula and western owell

eoundios,

AGKNOVLIGESRNTS AND FIRLD LUk

The f£ield work was done under the auspices of the ontana Bureau
of !’ines and Geclogy. The work was mmde poasible by the active inter-
est of the diresctor of the 3Bureau, /resiient Francis A. Thanson of the
Montana Se¢hool of ilines, and of Frofesaor Charles heiss of the geology
department at ‘ontana State Univoersity,.

During the .sroater part of the field zeason !y, Donald Duncan acted
as field assistant, After the close of tim reguler season, four extra
days were used to obdtain further field evidence in the vicinity of
Salmon Lake, On tuis trip Mr, Albert Spaulding assisted,

The areal geologic mapping was done by the traverse and plene-tabdble

methods with a Richard®s model of the Brunton compass and an anoroid
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barcmeter, Distences and altitudes were checked on the “wando qualde
rangle topogrephic map, All of the roads in the area wors traversed
by automobile, andi the trails wore tmraoa by foot.

Two Jections of Upper :iller Peak argillite, Lake limestons, and
lower Evans quarssite wero measured in detail, The thicknesses given of
all formagicns are approximate,

AR et G SR Y
During 1859 and 1860 ¥, V. Hayden® iavestigsted the geology of
Nontana near the hesdwaters of the Yellowstone und issouri rivers
Whorw Beltian rooka are known to oegur. lr. Hayden later returned §o
Ain area md tn 25727 ana 1875'° oslled the streta, which are now re-
ferred %o the Delt sories, Lower Silurian, In 18881"' be referred %o

Peale's Zast Callstin mupm {Belt) a» prodedly :'iddle Cambrien, In

8. 7. Raynoldst Repo tmploretion of nd ¥
mm' 050 EXe D0OCe, N0, ‘w‘hmnm
e Ton 17 (168), B Maymolds baid:’ *Ine reporh o s . of
Profossor ¥, Ve Hayden o o » Upon the geology of this ocuntry, -
will de found $0 contain all information upon tha$ brenchuyp to date,”

)

Fo Vo m" anmial ) J Ue Se Geol, Y.,
Prelim, Repl,, kion‘.. De 140, 18;1 El&?&i.

101._7. Haylau, W Ue 3o GOOl, Surv, Terr., Sixth
Ann, Repde, pPe 72473, 2 (1873).

ut. V. Rayden: Ue 3. GoOl, Surve, Seventh Ann, Rept,, p., 98,
3885188 {

12

. Yo Hm‘n: m’ Ue Jo Qeocl, SUMWe 3izth san. ihpt., Pe 50,
1888 (1886), Hayden's spsiastans, 4. C, & , Mossured a 2,300 foot
saotion in detail,
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He had previcusly™ referred tc the Delt rocks near Callatin City as

prodbably luronisa, )
In 18068 YW, H. t'eed and L, V. M.mnm dosoribed the Rolt rocks
in the Castle Mowntains, They said:

“The Palecsoic rooks of the Castle .owmtain area ahow two dletinet
and quite different serios, The lowest of these is s group of eope«
formable streta, mainly of argillegecus shales or slatea, ¢alled the
Bels fommation, from its great development in the i s of that
RN, o o ¢ 0 bolieve it tO0 e of Algonkien age.”

In 1899 ¥, 1. ;ifudm separated the Pelt rocks in the Liste Dels
Mountaine into a lowey Heihart quartsite and an upper Hels formatiom,

In 1999 Valeo$ published his Pels Nouatain section>?, end vised‘s

mtm“ soush of Kelheart, Hauloott divided tho Belt seriss into
eight formations: Nelharty, Chamsbderlain, Newland, Greysom, ipokane, Rn-
pire, Helema, larsh, The Belt end Camdrien formations sre separated

by an unconformity, which he disoussed in part by these words:

m&. G, Feale: s Us Se C@0l, Jurv, Terr,, 3ixth inn, Rept., pp.

172, 174, 1572 (1873),
“hu, 5. seed and i, V. iirssons Geolony of tne cestle omtats mining
W Us 5o GO0le Surv,, Bulls 130, ppe 28, ~33 .
$0) .

aslduﬂ Pe 4 1
Baw. He 20043 De

uc. De Walcott: Pre-Camhrian fossiliferous forretions, Ceol, Soe, im.,
m.. vol, 10' Fle 204208 {1690} .

”Idum PDe 208-2u0,
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*1 think that an unconfomity to the extent indiocanted 1s suffici-
ent . . » to warrang our plaoln%bo Belt terrane in the pre-~Caxbrian
Algonkian system of formations,

In 1902 Balley Willism published his Qlaslier Park section,

Willis divided the Balt series (Algonkian) into six formations: Altym,
Appelunny, Grimnell, Siyeh, Sheppard, iintla., He worked w1 th Stuart

Weller and G, L. Finlay,

28

In 1908 Valoott" published sections from the Lowis and Clark,

Swan, and Mission renges, “alcott divided the Bolt rocks into the

Ravalll, Blaskfoot, and Camp Creek series. The Ravalli series®® is

correlatad with the strata {Burke, Revett, Saint Regis] above the
Prichard and below the Jallsce of the Coeur d'ilene series, The Rlaoke

foot uﬂ.um is correlated with "the lewland limestone of ithe Belt

amnnu segblon, and the Altyn limestons of the lLowis Hange mtlenal,
anl the “allace calcareous series of the (osur 4'ilene asecticn of

I4aho,” The 'cmp Creak mium is correlated with the Creyson, Spokanme,

28
Ce Dy Walcott: op, cit., pp. 213-215,

#mmy #1llis: Stratigraphy a% structure, lewis and Livﬁgaton Ranges
Hontana, Genl, 5004 A, oy VOla 13, ppe 318324 (1002),

2. Do talootts ) vn 'ontana, Geol,
So06, Am, ,

]

Idem: p. 20,

ldem: Pe B0,

8

See Willis' GClecier lark section,

e Do Yaleotd: op, eit, ppe. 17-80.
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Bapive, Helena, and iareh formmtions of the felt Mountains, with the
Striped Peak formation of the Coeur d'Alene i‘ounteins, and with the
Appeleemy, Orinnell, Siyeh, Sheppard, and Xintda formations of the
Lewie zenge. ifaloott presented the firet Beltian correletion tahlo&.

Glapp and Deied later diseovered thass |

"the part of the Elaeki'cot limestame which appeared $0 Waleost $o
mderiis the Camp Cresk series 1o = down~faulted block of Palsomoie
Amestone, although the secticn which he measured along the ligrth Fork
of the Naekfoot River below Dry Fork is in the Belt series.”

From 1903 t0 1916 Calkine worked in the Fhilipshurg quadrengle,
Mﬁm.a and in and north of she Cosur 4'Alens diatrios of xam.”
He divided the Delt corise of ldaho and northwestsrn Montema into six
formmtions: Priohard, Burke, Revetts , Saint Hagis, “allace, Striped
Peak, Calkia®a Philipsturg secsion, oonsisting of five formations:
Neibart, iritehard, Ravalli, liswland, snd Spoksne, was gsnerally used
for all geologioal mapping in western lontensa from 1915 4o nao.m

Gozeeming the period from '1921 to 1932 C, H, Clapp stated:

"Yollowing the complesion of a recomnsissance of cenitral and ecst~

e kiontana in 1830, a recomaissance survey of the westerm part of the
state was ooxmOnced in 1921 for the ocntana Bureau of inea Ard GCOOLORYeess

3‘%. D, Walcott: op, cit., p. 18,

S‘G. Ho Clapp and C, P, Detlest Correlation ‘ontana Algonxie
M. Je0l, 3oc, m, m‘.. 82 ¥ “. P 67% lﬁm- ]

aal‘. C. Calkins and ¥, 1, Zomone!

Zopgle, bontana, Us 5o GOCLl. Burve,

m)‘. Co Calkine: A 'tenl {iasance in northemn Jdaho and
Borthvestern Yontana, Ue Be G80le SuI?s, Bulle 004, ppe 103 (1000).
3’0. He Clnpp and C, F, Doisa: op, cit., pe. 675,

le Atlas,
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*Daring the firet two noasons O, 5, Lembert, Arthur Dovan, end
¢, B, Clapp were the geologista, Barl B, Young 4id some woprk in 1022,
In 1983 Roy A, Wilson, sho had previously spent the seasons of 1919
and 1920 {n a survey of the !:ission Hange in connection with his grad-
uate work as the Univer:ity of Chicege, joined the survey, In 1984
Ge 5. Lanbert compiled from the wrk of the threo ssasons & casplets
geolegio map of wesiorn liomtans, which has not been pudlishede...

*prem 1984 t0 1028, exoapt for mne work dons by Laubert in 1924,
the survey was carried on at odé times by C, H, Clapp, although in the
smeme? of 1988 he worked with J, H, Bradley, Jr., for three wosks in.
the mountains north of the upper Blackfoot Vealley. In 1989 C, E, Clapp
scoampmniod by O, R, l‘egathlin began a more systematic atudy of Glacier
Park and of the Flathead and lLewis and Clark renges, . . « In 1930
G, e Clapp and C4 F. Delss carried a stratigrephitle and struoturel
seotion aoyoss the souih ends of the Mission, Swan, and Lewis amd Clark
renges fros 'sissoula to ilelena, €, !, Léngton surveyed in dctail a
small aren in the Lewiam end Clark Remge in the viciaity of Shafer lead-
ows, In 193 O, H, Clapp and G, P, Deiss assisted by Andrew lctlair
neerly campleted the geclogic mapping of the Coopers Lake (uadrangle
north of the upper Blackfoot Valley., In 1932 C. F. eiss assisted by
Andrew Lolair, in somnmection with a strasigrephio study of the rFaleogoie
rogks, revised the mapping of portions of the Flathead and Lowis and
Clark Yangess o « o« OCo He Clapp, C. P. Delas, and indrew ielair ocom=
pleted the mepping of the northesstern part of the Goopers Lake . ued-
rangle and mevised tls regoanaisssnce mapping of the southwestern part
of tho Saype (uadrangle, Ir doth 19:%8&:3& 1932 slizht revisions were
mode in the mapping of Glacier iark."

Qaude i, langton and C, I, Ghmw, in 1932 and 1939, worked in

the Sapphire snd Bisterroot ranges,

40

‘In 108 C. L. and 2, A, Fentonr  pablished their Gleoier iark seCe

tion, They divided the Bels serios inte six forra tions: datorton, Altyn,

‘oc. Le Fenton and i, A, Fontons Algne and elgal beds in the Holt series
Park, Jour, Geol.y vols 8, PPe 672+876, (1931},
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Appolnmny, Grimnall, Siyeh, Boulder Fass, 7The naze Doulder “uss is
e only new fomation name which they introdueced, The Boulder Pase
formation ineludes the Sheppard end Kintla formations of #illis es
mmbers, The name “atertom was taben from uny.u

In 195 Clapp and Deiss, after making a stratigrephio section of
the rooks neor Missouls and treoing the formmtioms from ‘‘issoula ¢o
Halens, stated;

*The results of thls wark revesled that all previous corrd ations
wspe partly correot, dbut faill %o recognize that the argillites and the
quartniten separating the Helena and Newland limestones in the Bsls
sountains thin 40 the northwest snd west %0 mich an extent tis ¢ the

muymwnmmummmlmmua-m
forwation,” '

In addition to the eight well~known Deltien stratigraphic sectioms

43,44 48 40,47,48
[ ]

pallished fram iZontena by ‘aleo s 7411is , Caliing

“c. He Ol.tw and C, ¥, jeiss: op, cit,, pp. 076«877,

“%. b, zaleott: rectamicion fosstliforous formetions, Geol. o0, s,
Mili., vol. 10, ppo BOA28 (1309)s

“c. D¢ Galeottt a jr0) of 0 ] Geol.
m. M.' MI’.mQ 7! rp. 3‘18 "m L

Datley ¥111is: op. 01%,, Dpe Al6=334,

“1’,' G Calkins {(and ¥, L. Ransome)i Th 2 ‘ore denosits o
the Coour 4°Alens 41iaty Aaho, Us e « SUrve, irof, rape 82,

48

western M A h " Bull, 354, ppe 38 $ 86-91 (B OS)

Fe C, Calkins (and W, !, Zasms): [mg_r_%u%g of the Philipsdurg
W, Ue 3¢ GOOl, Surv,, o 4tles, folio 196,
PPe 1016),
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mm“. and Clapp and Muso

mmmmmwwu,mwsawmaw.

A gorrelation tabls whioh has not been publizhed was prepared by
r.a.m;mam:.a.orm”
of the Anavonda Copper isining Compeny. .

In 1038 Normen B, A, ﬂm“ rafarred the Beit sories, .sonkian,

s two wall-known sections from Canada
+ assisted by other geologiate,

to ths Faleoaoie, Le saidt

tilgonkian strety 80 much more clossly resenbls those of the aleo~
micimthulatmmmsthammmmpummw
fhor is eonasidered the first puried of the P

The Palecsoic sie of the Pelt series hes not yet beon proven,

mm&, in 1938, disouseed tho Cambriane-Algcokian unconforsity in

0, 1. Penton and K. As Fentons Alras and algal beds in the Bolt ssries
- of Glacter National Park, Jour. wmu Yo @, 1Dv 675076 &9ii.

Co B, Clapp ard C. F» Dofos: op. oits. pp. 677~683,

un. A Daly: op tits, Pp. 49034

Pud, no, 483, pe 6 (1935),

”Id-m De So
%6

Gharies Deisss CombrieneAlgonkian meonformity in westorn kontana,
0001. 30&. m. wt' 761. “' PPe 95-13‘ (19% .
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weshare Hoptana, He aalds

“he wagnitude of the erosion interval aud of the unconformity in
mmmmumawmm:mpmeortmpn-mmm
of ¢ BJoliiexn roekm, a conolusion widuely mpwayutm that, oven
iu recont yours, has deen subjectad S0 some doubt,”

O%hor reports on the Zelt serise have been published since 1900,
Wy W, H, wudm, N. He wmﬂum, Haldenar Lm;raw, Joseph a-mu.“.

Ge R, Hanariold®®, naward sempecn®®, amgaret Muiler®®, irthur even®D,

gy

e |
¥, He Seod: Omology of whe Iittle Bel$ Younteins, Ue Ge Geols Surve,

Twentioth inn, Ropte Pty 111, ppe 29T=i81, 1399 (1900},

Charles Deiss: op., cit., p. 124,

ena, 0001, 800s ks, Bulle, §; Tpe BO3-204 (1928), ltmefieid's
payoy deale mmn with stmetm. ‘

“Patmard sampscas Wm_?a_egzmm (Avetrast), Geol.
308, Ay, m‘. wole 58. De 111 {1937},

Cartur sevens Wmm Oeol. oo, Ama, Bull.,
vol, 40, pPa 427-450 {1920) ¢
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oL

and By Re A, Wilwon, J. Se Larders, and C, i, Clappy . In addition
Joweph aamu". 7. L. fanscne®®, 0, ¥, uacnomara®?*?", u, =, Bawons’ 2272,

Aolph Ww. Reno Sa.lu“, and J, Ty Fardee end 7, C, Sohm&or” have

pabiished reports on the mining distriote in the region containing the
Melt forsations,

“ﬂ. Ae ¥iloum, J, &, Lamdeort, md €, H, Clapp: i

{Abatyaos), Geel, 00, am., Dull., YOie 13, ype .

“D. P, Moehannld: Econorilo foatures of northern ldaho and mﬁm
4FTR Montana, Y, Be (00 20y “dy Dlle ‘ .
w ‘ ' . gt ahe

"!. Ha nm (m& r. e. eam:u): cmmv and oyg Gy ug of the
‘A1l DRVANE O : Montens, Us 8« COOle Surve, wa o m. 9

'3'. He Besame {nnd . G, Oall'mﬂh lon she ¥
Quadrancle, Montama, U, 3. Geols am., m. stlss, touo lg {1918;,

va

Adolph Enopfs Ore de Ue T

”Rom Ya)ess Ore 3t Batte, ont Trans, ns (0Et, ine
ngr,, vol, 40, ppe 10 zlﬁl‘i.
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323 Icmmrgg

The map area may be divided into three rather distinot topographie
distriote: (1) a northern, mountainous district, (2) a aouthern and
south central, rolling district, and (3} a western, hilly district,

The northern district is covered by the acuthern end of the :wan
rangs, The wountaine attain altitudes of 6,000 to 7,000 fest in the
southern, and more than 8,000 feet in the eastern end western parts
of the distriet, !iigh eliffs are espocially developed on the north-
orn and western slopes, Although the 03t rugged scenery is in the
northern and sastorn parts of this district, the central and sonthern
parts heve deen sxtensively glaciated,

The southern and south central district is characterizol by a gla-
eial topogrephy consisting of numercus rnoraines, kamoes, druélins, and
ho.‘l".am sunken lakes, The glacial deposite are probably aeveral
hundred feet thick and are eroded thru to bed roek at only cne nowm
place, This & on Monture [1ll, thros miles west of Ovando, lLiost of
this district is 4,000 feet adove sea level, but the northera and
northeastemm parts rise to 5,000 feet,

The westorn distriot is charasterized by rounded hills which rise
to 5,000 feet adbove sea level in the southern,and to 6,400 feet in the
northern parts of the district, Cliffs are prominont in Blackfoot
River Canyon, in the vicinity of Salmon Lake, and just north of Fish

lake, Clearwater River and Treail Cresk lie in broed, terraced valleys,.

Mach of the distriet has been glaciated,
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The northeast and northwest corners of the mep area are drained
by tridutaries of the South Fork of Flatheed (iiver, Dreinage of the
yomainder of the area, which lies south of the crest of the Jwan
Range, is controlled by Monture Cresk, Cottonwood Creek, and Clearwater
Rivear, Theso strssms are trilmtaries to tho Blackfoot River end flow
southward, roughly parallel to tho strike of the strata, The Blaegk-
foot River flows westward along the southern boundary of the area and
is &« part of tho Colundbia River systeis wvhich drains into the Iaeific
Oosan,

As high as 7,000 feet above sea level ths slopes are heavily for-
osted with amall fir and pine trecs, Those trees are a source of
supply for lumber omips neay ioodworih, The slopes above 7,000 feet
are either rooky ar coveored with stunted, wind-blown pine, fir, and
Juniper, Adbundant grass provides exosllaent pasturage for cattle,
#heep, and gmee in all parts of the area, lany of the wide valleys
have basn, or are boing,oxtensively cultivated.

Roads extend along Clearwater, Blackfoot, and Cottonwood Valleys,
Other roads extend fram Ovendo to Calmon Leke via woodworth, and from
Ovando to ionture Ranger itation nmear the junaetion of Jpread and !lona-

ture Creeks, Trails of the United States Forest Lorvice afford easy

acoens t the greater part of the area,



STRATIGRATHY

DESCRIITICH UF FORLATICNS
Newland Limestons

The oldest Baltizn fommmtion exponed in the rmp area is the lew-
Jand limestone, which, in northwestorn Liontana, rangea from 2,300 to
5,400 feet in thickness, The fomation is compossd of blue-~gray, light-
gray, gray=-gresn, ond ocsasionally dark dlus-gray to blagk dolomitie
linestone and calacareous argillite, The argillite weathers light-tan
to dWomm, gray, or ia places to rad-brown, 2 few ripple rmarks gnd
eontorted laminae are present, The limestonos are interbedded with
groy-green and light-brown te dull pale-pink, caloareous sandstone
and sandy argillito, Tho sandstore and sandy ergillite weather white,
green, or lightetan to buff and Cullered, The ilewland limestone is

usually more argillaceous than the lielena and Lake limeatonea,

Spokane thuto?a

The Spokane quarizite ovorlies tho ewland limestone and ranges in
thiokness from 800 to 5,000 feat, The Spokane formation is composed
of purple, red, gzreen, and gray to white-gray argillite and quartzite,

The beds weather green, red, purple, gray-gresn, or lighte-tan to rusty,

“Hmt goologiats refer to the Ipokme as an argillite,
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Purple "“mud-flake conglomerate™ (olay gaua}”. and rmd-eracked, mice-

csous argillite occur in the upper part of the formation,
Helena Limsstone

The Helana Limeston.6 lies conformably upon the 3pokane quartzite
and ranges in thicimess from 1,500 to 6,100 foote The !slena formation
is composed of light-gray and dark bluc-gray, petroliferous limestone
and dolomitic limeatone. The laminae are often mmch contorted. Some
oolitio limestone and thin-bedded, omlcareou) argillite ere prosent,
The basal part of the formation containa an occasional bed of lichte
tan sandstone, snd tho upper part contains veins of caleite, The bods

weather tan, brownered, white, or blue-gray.
KEilller reak srgillite

The iiiller Peak argillite, the basal fomation of the .Lissoula
group, is approximatoly 1,400 to 2,900 feet in thiclimess, The forma-
tion 18 composed of alternato zones of purple and greenm, fino-grained,
micaceous argillite and quartszitie argillite, and contains en occasional
oas- to four-inch bed of massive, white, coarse-greined, silicecus
quardsite, feds of light-gray %o light purple, calcareous argillite
oceur in the lower part of th formation, In the upper part the beds
become dominantly purple and incresmsingly quartzitic., The beds weather

parple, green, red, or burf, IRiprle markes and mud oracks are ocmmon,

”
W, Ho Twanhofel: Treatise on sedimentation, p. 698 (1932),
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eapecially towards the %wp of the formation,
liellgate .uartaite

The omly exposurs of the jisllgate quarszite is in the scuthwestern
part of the map area in Blaskfoot Canyon, and only the lower part of
the formation is exponed, The Hellgate guartzite in the map area is
sonposed of pink €0 gray~white, coarse-gruined quartzite which weathers
pink, lightetan to white, buff, light-gray, or dullered, Ieds of maroon
argillite and mdeflaks oonglomerste are occasionally present,

Lake Limestone

The Lake limestone ranges from 1,500 to 2,100 feet in thickn. ns,
The lower part of the formation consiste of green~gray and purple,
calcarecus argillite and micaceocus argillite, gray-green, thin-bedded
limeastons, purple mude-flake oconglomerate, and occasional beds of
gremm~white, eilicscue quartzite, <ast of Cottonwood lLaks the besal
sone of the fornation contrine a lightegroen to brown, fine-grained,
slightly ealcareous sandstone which weathors green, hrown, or red-brown,
This sandstone thins northward and is absent in the Blind Canyon Creek
shction, The middle part of the formation 1o dominantly gray, groen=
gray, and bduff limestone which weathers buff, brown, gray, or orange-
rod, is banded light- and Jdurke-green, and in places is dolomiti¢ and
siliceous, The upper part of the formation i3 composed of interbedded
gray and graye-green limestone and purple and grey-green, calcareous

argiliite interbedded in placce with gray-green ergillitic quartzite,
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Evans Guartzite

The “vans quartzite ranges from 10,000 to 16,000 feot in thickness,
Rorth of Fish Lake and near the heand of nmham Creek the transition
sone between the Lake and Zvans formtions cmnaists of interbedded pink,
purple, end white-gray, fine~ and coarse-grained, massive limestone,
ergillitic limestons, and calcarecus srgillite, The lower third of
the IZvans quartaite is composed of brightered, mud-oracked argillite
intorbedded with red and white-gray quartzite and mud-flaks conglomere
ate at the base, This interval is overlain dy a succession of maseive,
pink, gray, purple, and buff silicecus quartsite} slightly calcareous
Quartzite} interbedded purple, micaesous,oslcareous argillite; greon
limestone; and asndy quartzite, Overlying these beds is a succession
of green, massive eandatone;} hacuo, ahaly sandatone; and a series of
exoeedingly thick altemating zones of purple and green, micascsous ar-
gillite end pink, white, and purple, massive, crosa-bedded, silicecus

quartzite and sandy guartzite.

DETAILMD STRATTORATIIC JUOTIUNS

The sections are arranged geographicall and are given in order
from south to north,

Two sections were moasured in dotail, wne of the sections is lo-
sated east of CotSonwood lLake, the other near the head of Blind Canyon

Creex, 4 1.0 foot steel taps wzs used for measwing the distances, and

a Brunton was used for obtaining the strike and dip, bearing, and slope
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angls, The thickness was computed from these data.

The pert of e type Lissoula group section quoted is from Clapp
snd Doin.m Becsuss the Lake and Lower Svans formatiocns are the equive
alent of the liellgate and part of the Nollamare formations, only the
2iller Peak, Nellgate, mnd the lowsy 2,420 feet of the licNamara sections
are quoted in detail., The typs ssetion of the :iller Pesk argillite’’
is the upper pars of "the southern flank of !iller reak.® The $ype
ssotion of the Hellgate qummum 15 "on the north side of lount Sen-
$insl, near the $racks of the Chicago, ¥ilwaukee & St. raul Railway,
from a point about 1; miles east of the railroad station a$ ‘issoula,
sast along Hellgate Canyon for nearly 1 mile.,” The type section of the
MeNemara argillite and quartzite’: is "slomg the Hlackfoot River in
the vieinity of :lclamara's Landing,”

*The following are the formations which ocomprise the !'issoula groupt

Foot
Sheep Mountain - — 2,300
Oarnet henge - - 7,600
MoNamare ' 3,000
Hollgate «e-« - 2,200
Miller Peak ‘ 2,900
Total e 18,000"5%

?80. He Clapp and C. F. Deisst Correlation of Mont.una Al.?nkian Form-
5".0”, 001, 0C. 2Mmey Rilley, Yolo 42, DDs 673-808 (1931).
Wldcu: De 070,

soxdmz PDPe 679-880,
8} sem;: p. 681,

ao
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The following type sections of the Lower . iesoula group fHrmations

are quoted exmetly from Clapp and Deiu.as

Type Seotions of Lower i.issoula Group Formations

Fest
Lower $wo thirds of Liokismars formegion
"ma, green, snd gray fine-grained, dense, thin-bedded argil-
lite, Sandy beds prosent near $op. ud oracks common in
acme beds v - 630

Haroon, pale green, end groy fine-grained argillite. iany

thin beds of very dense, ohertlike mreen argillite, In

geasrel rec beds eovarser-grainod than green Hods eweeemecaw 480
Oray and greenish gray argillitic thin-beddec sandstons,

lMaagive pink-white quartzite and gray sandy quartzite,
Ripple marks common in both beds. Rock weathers to thin

plates, and to buff color - - 100
Mansive quartzite intorbedde! with maroon ssndy argillite —ee- 100

Masaive pink~white guartzite, Forms talus slopes of small

froguents - 75
lsssive pink-white quartzite, Forms talus slopes of large

blocks, Buff weathering 300

asc. H, Clapp and C. F, Deiss: op, cit, pp. 678-681,



*Masaive %0 mediumebedded, pink-gray, finely banded quartz-
188, with quarts veins up to 1 inch in thiokness eeeweeeee

Kossive groy-green coarse-grained aandy quartsite, Cross-
bedded, ﬂpﬂmrh&, and « th many quarts veinlotas,

Buff weathoring

Purple to green«-gray micacecus sandy argillite, with thin
sandy quartzite beds in the upper part. Buff weethering -

TOTAL

Hellgate formation

¥assive gray-red siliceous quartzite, ‘‘eathers variegated

msaive gray ani red-gray fine- to coarce-grained finely
banded pure guartzite and sandy guartzite, Ripple mar'-

sopEnon - - ———
Massive thick beddsd pinkegray quartsitic sandstone. Buff

uuilwring
Masaive gray fine-grained siliceous quartzite, lipple marks

eomncn, Buff ~eathering -

Messiwe Yew- gray couiuo-grained quartzite, with sandy beds
up to 3 feet in thickness, Buff and dull lavender

weathering —-- ——

TOTAL ——-

22,

Fost

105

410

2,420

385

8680

1,160

95

2,200
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"iller Feak formation

Purple massive %o thin-bedded argillitic sandstone, and some

gray argillite, Lavendsr to marocn weathering —ee-cemeces 235
Red and purple sandy argillite, with sowo beds of green and

groay argillite, Ocoasional beds of argillitie sandatone

~ intercallated between argillite beds 1,440
Pale green-gray argillitic sandstons ]
Purple and greon-gray sandy, micaceocus mzuu’.; woathers to

rusty=burf oolor on joint faces 8500

Purple ssndy thin-dedded mmd-oracimid siliceous argillite.
Qecasional beds of finely micaceous argillite and gray
ssady argillits. Deds weather dull red-purple with green-

ish streaks 580
TOPAL - 2,900
TOTAL TTTIC/RESS OF SECTIONS = 7,520

Seation 2% lilcs kast of Cottonwood Lake

The section occurs along the top of a ridge, the lowest end of
which begins at a point 2} miles S, 56°%, of the south end of Lower
Cottonwnod Lake, The ridge strikes first I, and them X, E, The
section was measursd along the part of the ridge which strikee Ii,%,

Y

from a point 5,500 feet in elevation near the center of the N.W. ,



set, 7, T, 16 Ne, He 13 iy along a bearing approximately N, 42030 to
the center of the 3, B, ., e8¢, 6, T, 16 N., R, 13 ¥, at an altitude

of 6,800 feet,
Poots
lowey Kysns foruation
ppartaite: pink, white, grey, massive, coarse-grained, sili-
ooous, sandy; weethars pink, white, or grey, and to
rounded odges, Interwal largely aovered 40

Quartszite: pale-purple, pink, massive, coarse-grained, sili-

esous, sandy; weathers purple, banded-pink, Interbvedded

with light-brown, coarse-grained quartzitioc sandestone,

Oconstonal bed of dull~purple argillite - 748
Quartsite: pink, gray, buff, massive, scarse-grained, argil-

1itie, sondy, Severzl beds of pslo-jpurple, more massive

quartsite; woathers gray-white, “pper 188 feet of inter-
val com$ains en ococasional dbed of dull-purple, micaceous

argillite 475
Gueartzite: gray, pink, purple, messive, coarse-grained, argil-

1itic; weathers gm-vhno(or banded-pink, Zones up %o

8 fest thick of brightwred, finsegrained, micacecus argil-

1ite - 72
Cuarisite: pink, gray, buff, pale-purple, massive, 0OLrse~

greined, sandy, ripple-searksd; weathers gray-white, buff,

piak, Hright-red, micacecus, mude-cracked argillite,

Guartzite is not bandedepink - 127



Quartzite: gray, duff, massive, coarse-greinsd, ssndy, argile
1itic; contains streaks of purple argillite and laminae,
3 ineh epers, of pink quartsite., Bright-red, micaseous
argillite, All beds weather banded-pink, light-gray,
buff, or browmn

Covered Interval -

Argillise: dull- and bright-purple, brightered, thin-becded,
shaly, fine-grained, micaceous, amd-oracked, GreT end
pale-purple, coarss~-grained argillitic quartzite; con-
tains purple and red laminas

TOTAL THLORNKSS OF DZASURT: BYANT ®ORMUATION -
bake formation
Limsstone: gray, green, massive, eoarse- and fine-grained,

dolemitic, silicecus; weathers gray, dbuff, or in places
%0 dullepurple, The ¢ourse-~grained rockz coatain laminze

ond flalas of purple argillite
Limestone: gray, dolomitic, Interval largely coverod eweeemws

 Limestone: gray-greesn, massive, dolanitio, sillceous; weathers

wff, browm, of in placna to gray ==-
Limsstone: green, gray, btuff, fine-grained, argillitie,

Interval largoly ocovered
Linestone: gray, Shick- and thinebsdded, fine-grained;

wathers gray, buff, hrown, or in places to orange-reil ---

25,

1,781

173

72
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Feed
Apgillite: light-green, messive, fine~greinsd, in places sili-
esous, (me 4~inch bed of vhite, massive, coarse-grained,
silicocus quartzite 72
Argillite; green-gray, massive, slightly sandy, quartzitio;
eomtaina an oceasicnal lamina of duil-purple argillite,
Float of yellow-brown, f{ine-gmined sandstone 78

Argillite: green, in places &ull-purple, thick- and thine
bedded, fins-grained, slightly micaceous., Ococasional
sone of green, thin<bedded, fine- and coarss-grained
limostone in lowsr 75 feet of interwml, Upper part of
insorval contains float of light-green and brown, finew

grained sendstone; weathors green, drown, oOr red-brown «—w- ae

TOTAL THICKNTIS OF LAXR IPORLAT LU 1,475
Miller Psak fdrmation

Argillite: lig:t-green, gray, coarse-grainsd, quartszitic,
Interval largely ocovered - 178

Argillite: dull-purple, light-green, fine-grained, micaceous;
weathers brown, greea, or purple, UJccasional bed of
purple, mesaive, laminated argillitic quartzite, :iud
aracks oogur in upper and middle pards of interval eseeeme 2%
Argillite: purple, thin-bedded, micaceous; contains an ocea-
sional ripple mark and rud oreck. Dasal scne of gieen,
gray, thin-bedded, coaras-grained argiliitic quartzite.



%tddle part of interval contains white and pale-purple,

nassive, coarse-grained, silicecus quartzite
Argillite: purple, thick- and thin~bedded; contains laminse
of light dull-purple, coarse-grained argillite, Cray to
white,coerass-grained, siliceous argillitic quartzite «eme=
Argillite; purple, massive, Light-gray argillitic quartzite;
contains purple argillite streaks, Two beds, one at top
of interval and one 7% feet below top, of pufplonms,h.

coarse-graineds siliceous quartzite
Argillites greem, fine-greined; weathers green or browm, (me
bed of purple, micaceous argillite in upper part of

interval -

Argillite: purple, light~ and darkegreen, thin-bedded, mica-
osous; shows an ocoasional rud crack and ripple mark,
Purple-gruy, massive, fine-grained quartzitic argillite;
oontaing laminae and flakes of dullepurpls argillite.
Occanionsl bed of light-purple, masive, coarse-grained,

silicecus quartzits

POTAL THICRHMESS OF HBASINMED MILLFR PUAK FORATIN ---

TOTAL THICKNASS CF THE SBCTIGN —————

27

74

159

namaca
1.0

———————h b

4,821



Seation Near Heed of Eiind Camyom Creek

The base of the section is on the north 5145 of an unnomed creek
vhiah enters Hiind Canyon Cresk from the sast at the point at whieh
BEltad Canyom Creek turns from a north to a west direction, The section
wms measured from a point 6,250 feed in elevation nesr the camtor of
ﬁi R, Bu5, 000, 14, T, 17 N., R, 14 W, along a bearing approximately
N, 70°E %o s Clearvater—douth Fork of Flathead Divids at an sleve-
tiom of 7,500 feet, and then east along the divide to the south boundary
of the S,R, }, see, 13, T. 17 B,, R 13 W, at an altitude of 7,300 feet,

Poot

Evans formm$ion

mnﬁm brighte=red, thiock-~bedded, fine~ and coarse=-
grained, md-cracked., Red and white-gray, massive,
osarso-~grained quartaite; contains flakes and mud-
eracked laminase of bright-red and purple argillite ceewcwee 93

TOTAL THXICKNZSS OF LEASURED BEVALL FORMATIA eeveswes 93

lake formation

Covered Interval -« - 43
Limsstone: gray and lightegreem, thick- and thine~bedded,

silicacus; weathers buff, Meny beds of light-green,

massive argillitio quartzite; contains laminas of dull-

parple argillite, Iurple, thin-badded argillite,

Interval largely covered - 66
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Limestone: light-green, in places gray, messive, coarss-
grained, silisecus, Light~green argillitic quartzite,
Purple, thin-bedded argillite; becomes brighter and red
in upper interval 2la

Covered Interwal - 101

Limsatons: gray, gray-green, silisecus; weathars gray, buff,
brom, or in plsces orsnge-red, Upper part of interval
is more siliceous than lowsr part 173

Limestone: grayj weathers gray, buff, brown, or in places
erange-red. Upper part of interval contains an oceasion-
al bed of gray-green, masaive, oocarse~greined, quartzitio

1izestone; weathers gray and lightegreen 247

Limestons: gray. Interval largely ocovered 128
Limestone: gray; weathers light-gray, buff, or orenge~red == 257

Linestons: gray; Interval largely covered . 138
Limestones gray, $hick- and thin-badded; veathers duff or

aray 41
Limestone: green, thick~ and thin-beddsd. Interval largely

covored - 34
Limestone; light- and durkegreen, gray, argillitioe; weathers
green, buff, gray, or in places brown, One l8-inch bed

of gray and bluwe~gray, contorted limestons in middle

part of interval - 152
Limeatons: lighte and dark-green, dull-purple, thick- and
thin-bedded, quartzitie, Caloareous, micaceous
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Peot

argtllise, A1l &du woather green, purple, light-brown
%0 light~red, or in plesces white-green 108
Covered Interval 192

Limeatone: light-gresn, fine- and cosrae-grained, ripple-
maried o 19
Cuartaites light-green and dull-purple, coarse-grained, argil-
1itic; weathers light-green or red, One 4-inch bed of

white, ocarse-grained, silicecus quartaite, rurple, mass-

ive, slightly micaceous, cclecarecus argillite in lower

part of interval; weathers purple, light-brown, or red «== 10
Limestons: light-gray, light-grsen, gray-green, light-purple,

thick« and thin=bedded, Oocecasional bed of green and

purple, calcareous argillite end quartzits, Bed, 2 feet

thisk, of darkegray, oontorted appesring limestones 39

fest adove hase of interval., All beds weather green, gray-

green, or purple, No purple argillite seen in upper 46

feet of interwal 135

Linestone: darke-gray and blue~gray, massive, contorted;
weathers gray, buff, brown, or in places red-bhrown =~eweees 8
Argillite: light-green, bright-purple to red, fine-grained,
mid-gracked, ripple-marked, micaceous. Interdedded with
green limastons and light-green, slightly red-white,
massive, cosrse-grained, siliceous quartzite, Two 18-
iach beds of darkegray and blue-gray, massive, contorted

limestone in upper part of interval - 4
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feot
Limsstone: light-grecn. Calcareous guartxite and wicaceous
argillite — 18
Quartsite: purple-gruy, gray, massive, coarse-grained, argile

1itie; wnataing laminae of dullepurple, alightly caloare
eous, micaceocus argillits; weathers jurple 22

Limsstone: lightegresn, thicke and thine~bedded; wesathers green
or in places brown-red; shows good ripple marks in lower
part of interval, Interbedded with light-green, alightly
oaloarecus quartzits and micaceous argillite, C(ccasional

bed of green-white, corree~grained, silicoous quartzite = 1

D g ]

POTAL TUICKNZSS OF LAXE PC . ATICN 2,099

Mller Ieak formation
Avglilite: brighte and dull-purple, fincegrained, micaceous,

Furple-gray quartaite; contu ins argillite lamines ee——ewww 1
Argillite: dull-purple, and lightegreen, thinebedded, fine-

grained, mud-cracked, micucesous; weathers light-green or

ia places roed«jrown., DPurple-gray, coarse=grained gquartz-

1te; camins laminae of purple to red argillite, One

2=ineh and two 4~inch beds of purple-white, coarse-grained,

silisecus Quartzite, Two zones, esach 1 foot thiok, of

light-green, thin-bedded, caloarscus argillite ~wweccewne= 162

TOTAL THICKNESS OF MEASURED !ILLER . AN FUUATIUMN == 163

TOTAL THICINESS OF ‘(% IRCTION --= 2,433
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CORRELATION uF FORCATIONS

The Hellgete quartzite conforzadbly overlies the !'iller 'eak argile
1ite wead of the I.ission thrust near Blackfoot Canyon (¥le. 2 & 3).
In this place the iiellgate quartzite wes probdebly 2,000 feet in thiock-
sesd before the upper part was remcved by ercsion., The former thicke
ness of 2,000 feet ie indicated by the 2,300 foet of the Hellgate forme
ation in the type section’ and by "the persistence and the wmiform
ﬁaum”'&. of the :ilssoula group fomations over northweastorn mntman.
Rast of Fish lLake, six miles unorth of Blaskfoct Canyon, the lLake
limestone confemmably ovarlies the killer Feak argillite and may be
1,000 fest in thickness, ioor exposures prevented the msasuring of a
seodton in this vicinity, but farther north, 10 miles frum Blackfoot
Cenyon and 23 miles east of Lower Cottonwood Lake, a section was measured
in detail. In this section the Lake limestons lies conformably upon
the NMiller Peak argillite, is 1,475 feet in thicimess, and is argillae

esous and arensceous in the lower part, Un the north slope of Lake

850. He Clapp and C, ¥, Deias: op, cit., p. 079,

&charlu Delsss mbrimozg%mkigg \megormitx in western lMontana,
Geol. Soe. Am,, Bulls, vol, 46, p. {1038}, ‘

“mu statement may seem to be sontredistory after having given the
thigkness of the Miller Feak argilliite as 1,400 ¢o 2,900 foet,

* bu$ Clapp and Deiss stated in Xontana Alsonkian formations (pp.
690-691) that the i"iller Peak is aboud 1,400 feet thiok from
Prickly Fear Cresk to ualmon Leke and is 2,000 feet in thickness
in the :issoula ssotion,
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Mountain, 16 miles saat of the Cottonwood Lake section, the Lake lime-
om“ liss conformably upon the !'iller Pesk argillite, is approximate-
1y 1,500 feos in thickness, and is argillaceous and arenaceous in the
lower part. DBsocause limestones are deposited more slowly than sands,
this change from 2,000 feet of Hellgate quartzite to 1,500 feet of lake
limestone is interpreted as indicating eontemporaneous depositiom of
these two fommations, Unfortunately a transition zone, wanich may have
besn prescnt in the map ares, detweon the ilellgate end Lake formations
has been renvved by erosion, Contemporanecus deposition of the ilell-
gate quartsite and Lake limestone aiso ssems to bs indicated by the
~unu'om thicknoss and lithelogioal chearacter of the underliying :iller
Feak srgillite, and by the thick transition zones btetwean the iller
Peak and Hepllgate and bvetween th.l Killer reak and Lake formations,

In the seation sast of Cottonwood Lake the basal mone of the Lake
formation contains much float but no outorops of light green and browm,
fins-grained, slightly celeareocus sandstone, This sandstone thins
northward and is absent five miles to the north in the Blind Canyom
Creek asction, The lower part of the Lake formatiocn eontains numerous
beds of caloarscus qrgillite and, in places, quartsite, Thess deds
are ot prominent in the lower 470 feed of the formation in the Cotton-
wood lake ssoction and in the lower 250 feed in the Rlind Canyon Creek
ssotion, The argillaceocus, arenacecus, and quartzitic beds in the

lower part of the Lake formation mey indicate interlapping of the

88
Cs Fo Doiss: personal commmnication,



fellgate quartzite and the laie limestone but no definite conclusion
can be madm,

%eer the head of Blind Canyon Cresk, five miles north of tha Cotton-
wood Lake section, the Lais limestons has fnoreased in thickness to
2,100 fest, This increesse in thicknoss 4 the lake limestone appsars
to be partly oompensated by the porthward thinning of the lower beds
of the overlying “wans quartzite.

The transition mone between the lLake and Hvana formations is rather
thin but no break in sedimsntesion 1is apperent.

The Ivans quartzite in the Coopars Lake and Cvando quadrangles
shows a similar sequence of quertzites and argillites, and 18 litho-
logically similar to the licNamara and Carnet Range formations in the
Aype liisscula group section. In thees quadrangles the Evona guartzite
is tentesively correlated with the loNamare and Garnet Runsi formations

of the type "ismoula groupe

STRUCTU

The area lies within tho northern geologic division®  of western
Montana, The rooks strike i, 40%W, and aip 10°-—48° 1.%., in general,
end have been broksa by one normal strike and four thrust (reverse)
strike high-angle foulss.

87
Ce Ho Clapp: (eology of 8 portion of the Roeky ¥ountains of northe

_ v:n;;rn Vontana, Mont, Bur, Kines end Geol,, ilem, noy &, PPe 17-18
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The Mission thrust dips S8°N.R,, strikes H. 60%., and orosses the
southweat comer of the map area (Pls, 2 & 3). The faul$ ie plainly
exposed at the south and of 3aimon Lake whare the Newland limestone,
on ths north side of the thrus¥, has been upthrown againat tis 'iller
Peak argillite, At Blaskfoot Canyon the Spokane quarizite has beea
upthrown against the Hellgate quartsite (Fls. 2 & 3).

AS Fish lake, five miles west of Woodworith, a thrues fomlt, whieh
etcikes N. 78°W. and dips approximately 40%5.%,, has upthrowa the Spo-
ksne quartzite againss the iake limsetone (Ple. 2 & 3). Because the
fault line is covered by glacisl drift and alluvium, the fauld has not
besnn acowrwmtely loesaied,

Between the iiseton thrust and the ome at Fish Lake is a syncline
in which the Newland, Spokane, and Helena formations are exposed ( Ils,
8 & 3). Apparently the trensition wzone in which the quartzite of the
Hellgate formation on the south graded laterslly into the limestons of
the Lake formnation ou the north lay within this synoline, Unfortunate-
1y this trenaition zane has been eroded fron tho synelins,

The Swan $hrust, which strikes N. 60°W. and dips 70°N.E,, extends
from the North Fork of Blackfoot fiver to approximately two miles west
of Cottonwood Lake, The fzull there apparentl; turns northward and
strikes o 30°%, %0 the sorthwest corner of the map area (i1s, 2 & 3).
The fault line is coversd by glacial drift sand alluvium, btut the fsult
has boen fairly acourssely located in Cottonwoed Vallasy, The extension
of the Swar thruat southeast of Cottonwood Valley =as plotted from
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C* H. Clapp's88 map of a portion
of northwestern Montana.

A normal fault, the ends of
which appear to lie agcdnst the
Swan thrust (Pis. 2 & 3 and Fig. 1)
is well exposed along Blind Canyon
Creek and near the head of the
first southward flowing stream
west of Dunham Creek. The fault
dips 70"S.W. and strikes in gen-
eral H. 45~. The southwestern
side has slipped downwards. The
throw reaches a maximum of approx-
imately 2,500 feet but diminishes
to almost nothing at each end of
the fault.

Dioritic intrusives, too
small to map, occur near the normal
fault in sec. 22, T. 17 N., B. 14
W. and in sec. 22" T. 16 R. 15
W. Such occurences are comnon

in northwestern Montana.

88C. H. Clapps op. cit., See geo-
logic map at end.

89
Idem: p. 27.
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A thrust fauls, which strikes &, 10°--25%, and dips 60°N.%., ex-
tends along onture Creek Valley (rFls, £ & 3), 7rom north to muth the
Newland, Spokans, ilelena, :‘iller Peak, Lake, and lLvans formations east
of the fault have besn upthrown against the Gvens formation to the west.
™he southern end of the fault appears to lie against the Swan thrust
{Pls. 2 & 8).

tach of the area, sapecially in the south and west and at the head
of Lodgepole Creek, has been covered by Pleiatocene glacial 4drift, prob-

ably of two stages, and by Recent aluviwn (Pla. 3 & 3o

C%CLEIONS

1., The lLake limestone is tontat.ivol& correolated with the ilellgate
quartzite, and the Kvans quartzite with the lL'cNamara and Carnet Range
foraations,

8, The Lake limestone to the north apparently replaces the iell-
gate quartsite.

3, Deposition of the Lake limestone and iellgate quartzite appesrs

10 have been contemporaneousl.
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