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Photograph of hillsice near Limespur where the Belt-
Czmbrizn arkose yroblem was Giscovered. A fold in-
volving Belt and Cambrian arkoses occurs on this
hillside in the area covered by sage brush.



STUDY AND CORRELATION OF BELT

AED CL¥MBRIAN ARKOSES KEA R

LINESPUR, MONTANRA.

INTRODUCTION

In the vicinity of Limespur, ‘ontans, & siding along the Northern Pacific
Rzilrosd near Whitehsll, Montana, occurs a characteristic type of arkose where-—
in many small red mineral grains sre distributed throughout the rock mass.

Tt is in this respect that this arkose differs from other arkoses in the
surraundiﬁg region, the others being wmors uniforamly gray sand green. 211
arkose has in earlier studies been considered pre-Cuumbrisn (Belt) in age. It
‘is now known that "red-cpecked™ arkose and arkoslc liszestones occur in &
Casbrien foruation (Wolsey) associated with fossil forms (Trilobites). The
purpose of this study, which was undertaken to fulfill requirements for
undergraduste thesis work at the Montana School‘of Mines, is to attempt to
establish the relstionships of these arkoses, end explsain the presence of en
arkose similsr to pre-Cambrian arkcse within a Cawbriesn foruation.

¥hile the ;re—éambrian series in Wontuna has been studied extencively
by Dr. C. Ho Clapp and others, very little attention hss been given to the
arkosic siries near Linespur. The author has been sble to find only two
references concerning this aeriesg' No reference at all has been found concern-
ing the Cambrian arkose with which this pacer deals. The area immediately

1., Tanclsy, W., Schafer, P. A., and Hunt, L. H., "A Geologic
Reconnaisance of the Tobacco Root Mountains®, Montana

Burcsu of Mines and Geology, Memoir #9.
Pecele, A. Cs, UeSeGeS. Atlas 24, Three Forks Folio, 1826,

o



surrounding Limespur has been mappec twice. The first mapping was done by
A, C. Pecle in the service of the U.S.G.S. in 1896, The second mapping was
done by members of the senior class at the Montana School of Mines in September

1937, at which time the Cambrian arkose first came to light.

«8iih ngs

Pige 1 Index map of Montana showing lecatien

of area under comsideration,

Limespur, Wontzna, lies in R2W, T1N, S19. More generally, it is about
14 miles east of Whitehall, Montana, on U.S. highway No. 10. The area is
easily accessible. The Northern Pacific Railroad, and also U. S. highway
No. 10 along which there is regular bus service, pass through Limespur, and
two roads from the highway to Morrison Cave (Lewis and Clark National Monument)
bring the greater part of the arkose outerop within easy reach.

The area surroundirg Limespur is high and semi-srid with a maximum relief
of about 2000 feet. The Jeffercon River, North and South Boulder Creeks, and
a network of intermittent streams form the drainage system for the region.

Annusl precipitation is from 10 to 15 inches, and the annual temperature



renge from 90° F. to -30° F, Veget=tion is scarce, the only growth being
such as sage brush, bunch grass, scrub pine, cottonwood and box-elder trees.
The writer wishes to acknowledge, with greates appreciation, the many
valusble suggestions of Dr. E. S. Perry both in tke field work and in the
preparation of this report, ard algo for help in lsboratory studles, to Dr.
L. L. Sloss for his advice end help in the study of forsils, and to Dr. Geo.
L. Seager for his aid and muny suggestions in the petrologic studies. Geo.
A. Johnston, an undergraduate a£ the Montans School of Mines, measured the
sections shown in the text at a time at which the author was unsble to do
g0, =nd w=s the source of many valusble sugeestions in his discussions of

the problem with the author,

GENERZL GFOLOGY OF THE ARFA

The rocks exposed in the vieinity of Limespur represent an almost comn-
plete geologic section. With the exception of the Ordivicisn and Sillurian
periods, rocks of every period sre present. The oldest exposure in the area
is that of Archeen gnelsces, These sre unconformably overlain by the Al-
gonkian Balt series. Another unconformity separstes the Belt series from
middle end up;er Cimbrian formations snd these are in turn separated from
Devonisn formations by :n unconformlity which cuts out the Ordivicien and
g8illurisn rocks. Upwards from the Devonian there is a juite complete section
of sedimentary rocks interrupted only in the upper Cretaceous by lava flows,
Fxtensive deposits of Bozeman Loke Beds (Tertiary) ere found in the area.

From the standpoint of geologic structurs, the area is ;uite interesting.
Mz jor znd minor faulting together with considerable folding has greatly
disturbed the strata and has introduced numerous complications. There ure
txo major faults in the areca each with 2 vertieal dicplacement of approximate-

ly 10,000 feet. In acdition to these and probably closely connected with

—5—
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them are numerous smaller faults. Considerable folding hes taken place and
has in spots so complicated the structure that mapping is most difficult.

The geologic history of the sre: is comparatively simple, Archean rocks
after deposition were severly metamorphosed and peneplaned., The Belt series
was deposited on this peneplane and then folded snd faulted slightly but
remsined unmetamorphosed. These were then subjected to a very long period
of erosion. During the Paleorole there were msny winor oscillstions of the
surfzce. This condition continued until late u.  er Cretaceous at which time
there was a gener:l elevation and deformstion of the region. The only actliv-
ity since hss been the deposition of lake bed deposits, terrace gravels, snd

alluvium,.

OCCURRFNCE OF TEF ARKOSS

The gsographic occurrence of the Belt arkose in the vicinity of Limespur
is shown on the map, (Plate 2). Near Limespur, the formation owes its
eppearance to normal faulting with displacements as high as 10,000 feet,
Ferther Qorth%ard and also to the east, the Belt is in normal contact with
Flathead usrtzite., Almost everywhere that the Belt arkose occurs in the
vicinity of Limespur, it forms stee; hills. Charp gullies cut by intermittent
streams sre numerous in thie form tion. In the northeast corner of the ares
shosn on the map, (Plate 2), the arkose levels slightly to form = rather
flat upland. ‘

One mile east of Limespur on U, &. highway No. 10 there is a fold in-
volving Relt snd Cawmbrian formstions. It is at this spot thot the problea
with which this paper deals wz. discovered, (Plate i). Here, the Belt
and Combrian arkoses asre found together., Belt srkose occupies the center

of the fold and gredes outw=rd into Volsey arkose, shale, and liumestone.
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The Meagher limestone flanks the fold on both sides, (Plate Z).

STRATIGRAPHIC POSITION OF THE ARKOUES

In the normal geologic section for the area in which Limespur 1s situ-
ated, the Bclt series uncderlies middle Cambrian formatlons the lowest member
of which is the Flathesd guartzite. The Wolcey shale lies immediately ebove
the Flathead quartzite and i: considered transitional between the Flathead
quartzite and the Mesgher limestone. Uncer normal conditions the Flathead
quartzite and Wolsey shale always occur together. The normal section measured
in South Boulder Canyon, s few miles south of Limespur, i1s shown in Plate 4.

Examination of the map, Plate §, shows the great arsal extent of the
Flathead juartzite, The formation is ¢uite wniform in thicknes and its
deposition was apperently unbroken over the southwe:stern part of Montana,
where it forus the besal member of the Cambrian. This norasl condition is
upset in the forementioned fold involving Belt eand Cambrian arkoses. Here,
the Flathead uartzite is not present in its normsl position between these
two forma:tions, Furthermore, there is no apparent line of demsrcation be-

tween the two srkosess

CHARACTERISTICS OF THE ARKOSES

Lithology
Belt Arkose

The exposure of the Belt series in the vicinity of Limcspur differs
lithologically from the tygical section in the northwestern part of the
Stete. Whils the section has not been meavured, it is estimated to have a
thicknes: of about 10,000 feet. The upper half consiste of a very fine

grained rock which has the appearance of shale but which, according to

-
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Tensley, Schafer, =nd Hartl, proves to be essentially =n erkose ugon micro-
scopic examinstion. The lower half i: an arkose renging in grsin gize from
sandy to conglomeritie, and consists of grains znd pebhles of erystalline
limestone, jusrtzite, gneiss, =nd pegmatite. The mass seems ungorbed ag a
whole but bedding is distirguishable in most places. The pebbles of the
mor: conglomeritie part may be ons foot in diameter. Certain phases greatly
resemble mud flows. (Plate 6). This exposure of Belt arkose is believed

to be 8 shore-line deposit especially since it thins sbruptly eastwsrd znd
is sbsent 15 miles to the east.

This erkose was [irst cescribed by A. C. Peele® thus: "——- coarse
sandstones and conglomerates, whose arrosic charscter is evident. They are
of somber hue, cark green snd steel gray colors predosinating." For the
greéter part of the exposure thic description is correct. Howewer, there
ere large exposures of arkose vhich are decldedly red. It is interesiing
and rertinent to note that, while in the valley bottoms the srkose is of a
decided green color, it grades on up to red st the tops of the bhills. A4Also,
boulders in the valley bottoms which are red on the outside, show green on

a fresh fracturs =nd actusl weathering rims cusn be seen.

Cambrien Arkose
The Cambrisn Arkose would probsbly Le more properly referred to as a
calcareous arkosic sandstone. It is made up essentielly of quartz and
felspar and iz typicslly reddish in color, Becding is very distinct, especial-
ly so bec use of the fact that it is interbedded with shale and limestone.
Some of the srkose beds are decidedly limey, and it is in thesec beds that

l, TIdem: - p /2
Ze Idems - p 2
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trilobite fragments =re {ound. The trilobite zones themselves differ. ©Soae
are only slightly limey snd contuin only & few fos:ils, while others «re
almost a coquina of trilobite fragments scattered through with grains of
coleite, quartz, and feldspsr, Apparently the erkose is o uite resistunt
rock because it foras prominent # lls up the side of the hill on which it
- wa: found. The following sections of Wolsey were measuredt on the fold in-
volving Belt and Wolsey formations:
(1) Section measured across Wolsey on ecast side of fold measuring
outward from contzct with Belt arkose.

Green mic&ceous Shale.............o......-..o 7 fe&t

Loosely consolid:ited brick-red arkos€eecececcss a2
Limey brosnish-green shale€seeccesccscsecscses & 7
Liuey arkose (ri, ple marked)ececsscecescsaess 6 T

B&Sic igneJUS dikeonoou'.-.t.n‘-l.lt.‘o..oc.. 2!5 feet
Limeston;} and CoaTs® ArKOS8Cesesssssssasscscsss 4 "

B&Sic igneOMS dik50|nol-¢.'oonoc.onc..-oocoil 005 b

Limestone and coarse 8rkoOS6sscessscsssecessne 4 w
Thin-bedded arkose mnd green sh&l€eeesescscse 5 "
Thin-bedded arkose and limestonCseceescceccscse 2 "
Green micaceous 8hal€escscesscenissssveccnses 106 "

(2) Section messured across Wolsey on weet side of fold measuring
outward from.contact with Belt arkose.

Fine grained red a8rkos€eccsscccescsscesscsese 88 feet
Thin-bedded limestone with red speckSeesssese 8 "
Thin-bedded green shale snd liieston€eeseeses 14 "

1 section measured by Geo. A. Johnston, Montana School of
Mines, M-rch, 1338,

.:7-



. FPlats &
Outerop of Belt arkose on road cut, This
particular outerop plainly shows strueture
resesbling mud flows,



Lilllestone "”iith thin banGS Of Sh'dlﬁ'o seessssasssesse 20 f‘:;et

Green micaceous shale
(cove?ed Witb 11:’11555‘;0“& talw ) sevsess e ?

Thin-section stucies of the two portions of the Belt srkose were made
of the fine grained zones for obvicus ressons. All of the Casbrian arkose

was sufficlently finc gr:ined for thin-sectlon study.

Green Belt Arkoce

Petrographic study of the groen portion of the Belt arkose showed the
following percentages of minerals: chlorite, 70%; .uartz, 15%; minor per-
centuges of microcline-sicroperthite, plagioclase, hornblend, snd fraguments
of feldspsthic ssndotones, All grsins were angulasr to sub-sngular, and the
chlorite, which was prescnt more or less pseudomorphlically, showed graat
tendency to fill interstices. The chlorite is probably present after horan-
blend because it is precent in hornblend pseudomorphs, =nd becsuse a few
hornblend grains in the rock show partisl altersiion to calorite. (See Plate

34).

Red Belt Arkoge™
The red portion of the Belt arkose is composed almost entirely of gusrtsz
end feldsper, Scattered grains of chlorite psrtly altered to limonite are
present. (Plate 9B), Differentiation amony the feldspars was difficult due
to the fact that most graing of these minerals vere scaked with an iron
stain--probably limonite or hemstite, However, microelinc-microperthite,

and plagioclase were recognized, Grains were for the most psrt sub-angular.

Cambrisn Arkose

The graine in this arkose are quart:z, microcline-microperthite, and

e



-Plate 7
Outcrep of Camdrian arkese on hillside,
Seft shale beds on d»oth sides leave this
resistant arkese weather eut prominemtly
in the form of a vertiecal wall, Bedding
ie vertieal.



plagioclzse. As in the csse of the red Belt =rkose, the feldspurs are scaked
with en irom stein of limonite or hematite. (Plate 2 C). The stain =appears
to permeate the rock through cracks enc along graln boudaries. OScattered
.grains of chilorite artly sltored to limonite are present. In those beds
which sre limey, the grazins lie in & matrix of crystelline calcite which

may compri:e as high zs BQ per cent of the rock.

PALFONTOLOGY

Relationships of the Fauns

The fauna found in the Cambrian arkose occurs in the liuey beds. These
beds range from a few inches to several feet in thickness and are interbedded
with shale, limestone, and pure =rkoge. The limestone is preseat as a matrix
and comprises.Srom 15 to 80 per cent of the rock. In places, the fauna is
80 sbundant as to slmost form a coqﬁina;

The fossils consists of fragments of trilobites definitely Cambrian in
character, The zbsence of any distinguishsble eyes, the distinctly three-
lobed carapace, znd the absence of surface ornauentalion and exeecs develop—
men£ of spines 2ll proint towarcs the age of the trilobites as bging Carbrisn.
Furthermore, one species bears a very striking resemblsnce to Xootenia
quadriceps, s middle Cambrian form from Utah., Consequently, while there has
as yet been no positive identification of the srecies found, the genersl
character of the trilobites and their resemblance to known middle Cambrian
species leads the suthor to believe that the fauna is of middle Cambrian sge.
Furthermore, the stratigraphic position of these stratas points rather con-
vincingly to a Cambrisn age.

The Wolssy shale near Three Forks, Montana, 1s an ebundantly fossilifer-
ous zone, The forms found in this shale, however, do not compare favorsbly

with the fauna in guestion, This part of the Wolsey shale contains Ogygopsis,



Bathyuriscus, Micromitra, Fodiscus, Agnostus, snd primitive brachiopods.
None ;f these forms are recognized in the Cambrian arkose near Limespur,
Comparison with the Burges:s shale of British Columbia 1s equslly as futile.
Forms- such as Agnostus, Obolus, Pathyuriscus, Ogygoprsis, and Neolenus occur
in this shale, With the possible exce;tion of Neolenus, there is no coin-
cidence, Most favorable comparison of the Cambrian arkose fauns is made

with fauna from near Ute Peak, Wasatch Range, Utah,

Descriptions

Neolenus
Plate 10A
known only from = single free cheek and genal spine., Doubttfully re-

ferred to this genus.

Kootenia
Plate 1CB
Only specimen is a single pygidium. ©Smsll and ellipsoidal, with high
axial lobe, marked pleural grooves, and six spines on each side., Compares

favorably in appearance with Kootenia quadricepsl.

Idzhoia
Plate 10C
Broad frontal limb., No glabellar or occipital furrows. Dorsal furrow
well marked and transverse in front of glabells which tapers slightly. Probsb-

ly an occipitzl spine.

1 Ball end Whitfield, U.S.G.S. 40th Parallel Survey, Vol. 4, p 240.



RELATIONGHIP OF THY ARKOSES

In lithologic studies there is one outstending festure which helps in
the correlastion of the arkoses, namely, that the green portion of the Belt
arkose grades always upward into the red portion. In the valley bottouws
the green arkose is exposed, whereas on the hilltops the exposure is slmost
exclucively of the red arkose. In zoneg which azre clesrly transitionsl be-
tween green and red arkose, boulders of apparently red arkose will, om
fresh break, show green interiors, This is a true weathering phenomenon
and gives one good resson to believe thet the red arkose is the weathered
produet of the green arkose. There asre no good lithologie correlations which
czn be made between Belt and Cambrian srkoses.

In thé petrographic examinations, thin-sections of four types of arkose,
namely, green Beltarkose, red Belt arkose, Cambrisn arkose, and limey Cam-
brisn arkose, were studied, All of thege types showed an abundsnce of gusrtz,
considersble microcline-microperthite, and scattered grains of plsgioclase
feldspar, Grain size shows a decresse of from 1/256" to 1/50" in the Belt
arkose, to 1/50" to 1/100"» in the C smbrian arkose. No noticesble dif-
ference was noted in the angulsarity of the grains. OSince =1l of these factors
are more or less constsnt, it remained for the ferro-megnesium miner:ils in
the rocks to supply the means of correlation. :

In the green Belt arkose, the ferro-magrnesium minerals consist of chlorite
and hormblend. Very little fresh hornblend was found. The chlorite in
places showed pseudomorphs after hormblend, but w:s present for the most part
as irregular magses. The ferro-magnesium minerals in the red Belt arkose are
limonite and chlorite. The chlorite showed definite replacement by limonite,
and the limonite shoved s tendency to permeste the rock by following grain
boundaries snd then to apparently completely soak the feldspsur minerals
present, Limonite is the ferro-magnesium minersl in the Cazbrian arkose.

Here it is present in exactly the same form as in the red Belt arkose.
ni



The following sre the conclusions drawn from petrographic studies:
Hormblend wes present in the rock from which the Belt srkose was derived.
This, upon deposition of the arkose, was altered to chlorite. When the
Belt srkose -as exposed to superficial conditions, the chlorite started to
alter to limonite., Given sufficient time it would become completely altered,
The Cazbrisn arkose was derived from Belt arkose under conditions such that
complete alteration of the chlorite to limonite had taken place before the

consolidation of the rocke.

ORIGIN OF THE CAVBRIAN ARKOSE

In a discussion of the origin of the Cambrisn arkose, there are two
chief §01nts to be considered:s (1) The Flathead quartzite, while [resent
gt the basé of the Cambrian in 2ll other exposures in the area, is missing
between the Belt and Wolsey arkoses; (2) Petrographie studies lead to believe
that the Cambrisn arkose was derived directly from the Belt arkose. These
consicerations condense the problem of origin of the Combrisn arkose to an
explanation of conditions which would cut out the Flathead quartzite over a
smail arez, and which would deposit arkose derived from Belt arkose inm vhat
were normally shale and limestone depositing conditions.

The "Flathead quartzite was laid down on a very flat pemeplane of Belt.
This fact is= juite evident when the great areal extent and uniform thickness
of the formation are considered. The problem of the loeal sbsence of the
Flathead cuartzite is open to two possible explanations: (1) That the for-
metion was deposited znd later eroded away bef:re deposition of the Wolseys;
(2) That the formstion was never deposited in the area under consideration.
If the Flathead guartzite was deposited, and uplift must have taken place
in order that it be ercded away, since there 1s no sharp break between tre

Flathead and Wolsey and consequently no recescion of the sea at that time,
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This uplift could be the result of folding or faulting. This would sllow
the stripping away of the Flathead and the deposition of Wolsey direcctly on
Belt. This view is open to the following erguments: (1) The time of the
deposition of middle Cambrizn formations, was not a time of even local dis-
turbances, =z witnessed by the conformity end regulsr occurrence together
of the Flathead and Wolsey formations wherever exposed; (2) The Wolsey is
commonly recognized as being transitional between the Flathead below and
the Meagher above; (3) There are not enough jusrtzite fragments in the
Wolsey shale where they would necessarily have to be if the Flathead w:s
eroded away, because the deposition in the area wss continuous. Furthermore,
it may not be considered that the Flatheazd was broken down to grain éize,
thus giving the juartz grain: in the Wolsey arkoce, because while the
quartz grains of the Flathead are for the most part rounded, those of the
Wolsey arkose are angular to sub-anguler. s

In considering the second possible expl:ination for the absence of the
Flathead, numely, non-deposition, we must assume an upstanding topographic
feature on the belt peneplane something of the nature of an island. This
feature might be an erosional reunant, a fold, or sn upfaulted blocke. The
exact nature is not essentisl to the problem. This feature would locally
cut out the deposition of the Flathead and allow the deposition of Wolsey
directly on Belt. There are two mein srguments agsinst this view: (1)
An upstunding erosional feature would be unlikely on such a complete pene-—
plane; (2) Local folding or faulting, such as required here, has not been
obsérved on the Belt peneplane prior to the deposition of the Flethead at
eny other point in the area.

Once the absence of the Flathead has been explained, the problem of
origin becones simplified. A small islund of Bslt arkose protruded above

a sea which was depositing shales with bands of limestone. The Belt arkose
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wes weathered by the action of the -ea, and detritus of the westhered product
interfingered with the shales and limestones, sowe being deposited simul-
tanecusly, thus producing the shaly and limey arkose beds which occur in the
formstion, (Sce plste 8). It may be due to this condition that the Belt

and Wolsey appesar to grede into ezch other.

SUMMARY AMD CONCLUSTONS

In the vicinity of Limespur, Montana, arkose members are found in both
Belt and Cambrien formutions, The Belt arkose consists of two apparently
different types, one red, und one green. The Cambrizn srkose is interbedded
and intermingled with fossiliferous shale snd limestone beds. The Flathead
formation, which ie normally present between Belt and Wolsey, is miscing in
one small area. In this srea, where the only occurrence of Cawbrian arkose
is found, the Belt and Cambrizn arkoses apear to grade into one unother
and are involved in s fold.

The suthor has reached the following conclusions; (1) That the red
arkose is the result of the westhering of the green arkose since recent ex-
posure; (2) That the Cambrian arkose was derived from the Belt arkose, being
deposited as red arkose; (B) That an erosional feature on the Belt peneplane
stapped the depositiqn of Flathead guartzite over a small ares and was re-
spongible for the exposure of Belt over Flathead therefore producing an

arkose derived from Belt in the Wolsey formation,.
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EXPLANATION OF PLATE IX
A: Photomicrograph of thin section of green Belt arkose showing hornblend

erystals partly replaced by chlorite.

B: Photomicrograph of thin-scction of Red Belt arkose showing grain of

microcline-microperthite (note twinning) and irom stained feldspar.

C: Photonicrogravh of thin-section of Cambrisn arkose showing grain of

microcline-microperthite and iron.stfined feldspare.



PLATE 9
Photomierograph of Arkose near Limespur (x55)

(C) Cambrisn Arkose
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