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A Geologie Report On
SOUTH BOULDER CANYON

and
THE MAYFLOWER MINE - RENOVA AREAS
By B.R.'Alto

INTRODUCTION

The purpose of this report is to serve as a written ex-
planation ér the accompanying geologic maps end columner sec-
tibﬂ;‘ Also, partieipation in a geologie field trip end the
completion of this report is recquired for 6red1t in Geology
63 at the Hlontana School of mines.' _

Each year the senior students in mining and geological -
engineering at the Montana School of Mines spend two weeks in
the field where they learn the fundamentals of geologic map=-
ping end related field studies. An edditionel week is spent
at the school where meps ere esesembled, prints mede, and other
work is done in preparation for the writing of the renort.

This yeer the field trip wss mede in the vicinity of
Whitehall, liontana during the period 2nd to 13th of September
19473 end the previously mentioned classroom work wes done
during the week 15th to 20th of September, The town of White~
hall was chosen as the base of operaetions for the trip. The
students were housed at the Green end White Cabins and meals
were provided by the Borden Hotel Cafe, Transportation to and

from the field wes by private automobile,

-l-



On the first day of the trip the class wass broken up in-
to crews or”;qur members each and some preliminery work was
@dna with thé”surveying instruments, A pacing eourse ﬁgs set
up end short traverses were run with elidedes esnd Brunton
compesses, Two dsys of the trip were allotted to a study of
thé geologle column in South Boulder esnyon, The remainder of
the time wes spent in mepping two areas; the Renove - Hone
Basin ares, and an eres southeast of the Mayflower line,

I wish to take this opportunity to extend my'thenks to
Dr, E.,S8, rerry, Dr, George Kiersch, and ur. Alvin Hansen all
of the geology department for their kind assistance and ins-
truction during the trip., Also, I would like to thank the
'following men wi th whom I worked; Mr, John Downing, Mr,
Normen King, end Mr, Willard Leskela,

LOCATION AND ACCESSIBILITY

Whitehall, liontana is located in Jefferson County 32 miles
east of Butte on U,8, Highway No. 10, The Northern Pacific
Reilroad also goes through the town and the Milwaukee Railrosd
pesses within 5 miles, to the south of the town, All of the
areas thet were mepped are easily accessible:from Whitehall on
graveled county roads, Some of the minor roads are not greve-
led and become very slippery during rainy sessons, The South
Boulder Canyon is about 15 miles to the southeast of Whitehall,
Renove is locsted near the Jefferson Hiver about 8 miles south
of Vhitehall, The Mayflower iiine is aﬁout 12 miles slightly

southeast of the town,



CLIMATE AND VEGETATION

In this area the aversge ennual rainfell is from 10 to
15 inches, The country is therefore semi-arid end irrigation
must be provided for the farm lands, The orops raised in the
valley are thé usual mountein valley products such asj grains,
hey, potatoas; snd the more herdy vegetebles, The more arid
uplends sre used as grazing lends for cettle and sheep,

Along the river bottoms willows, poplers, end cottonwoods
grow in great profusion, Range grass, scrub pine, Jjunipers,
and sege brush constitute the vegetation of the uplends,

Tenperature verietions in this area are grest, fréﬁ5100°¥

in the summer to -30° F in the winter,

PHYSIOGRAPHY AND TOPOGRAPHY

The most striking features of the topography are the high
Tobacco Root Mountains rising to elevations of 10 and 11 thou-
sand feet; and the great Jefferson Valley which réaohes from
Twin Bridges to the Jefferson Cenyon., The major dreinsge in
the area is the Jefferson River which meenders through the
valley. The river flows through a deep gorge at the eest end
of the velley and Joins the lladison end Gallatin Rivers at
Three Forks to form the lMissourl River,

Only a few streems are found in the area; the drainege of
the uplends is sccomplished by intermittent streams which
carry the run-off from snows and reins, The South Boulder area
is drained by the South Boulder kiver which flows into the

Jefferson River.
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The mountains which heve been formed by the folding of
sediments rise rether suddenly from the valley floor, but have
been smoothed down to some extent by erosion, High ridges
and some cliffs are formed by the more resistent sedimentary
streta, The elevation of the valley floor is about 4000 feet

asbove sea level.

STRATIGRAPHY

e e St it 8

One of the first necessities in geologic mapping is the
establishment of the geologic column for the perticuler aree.
This is often a very difficult task; becsuse very seldom are
all of the streta in en erea found to be so exposed as to fur-
nish the entire geologic sequence, Henoe,'in mrny cases the
column must be pieced together bit by bit, by correlating
fregments found throughout the area,

We were very fortunate, however, becsuse in the South
Boulder Cenyon almost the entire sequence of rocks in this
srea is found exposed, This geologic section 1s the south
1imb of a syncline. The beds dip about 40° N and have a
strike of N 65° W, Only one fault is encountered in the section
and ite effect upon the column is to repeet two of the beds.

Two days were spent studying the formations as found in
the secetion. In this time it was possible to learn the correct
geologic sequence and to meke deteiled studies of the rocks
found. This wes importent because in the arees. to be me pped
later many of these formestions were encounisre-ls, A map of the
areé wes furnished upon which we sketched the contacts between
formations,

o



 The following description of the formetions follows the
normal sequence of deposition, as they were studied, from the
oldest to the youngest, A mep of the area and a‘oolumﬁar

gsection are found on the next two peges: Pege DA and Pege 5B.

ARCHEOZOIC AND PROTEROZOIC ERAS

Pony Series:

The Pony series are the oldest known rocks of this erea,
They form the bsssl complex and ere thought to underlie all .
roeks throughout the state, The rocks are highly metemor-
phosed schists and gneisses and their arigin is doubtful,
Lack of rocks such as quartzites and merbles in the Pony series
tends to indicete thet the origin is igneous, These rocks
form the core of the Tobacco Roov Mountains, indiceting the
grent entiquity of the renge. In the field the rocks of the
Pony series orn be recognized by the typlcal gneissic characf
ter, with bands of 1ight eolored quartz and feldsper alter- |
neting with hornblende end biotite, Biotite and hornblende
schists are slso very common in the Pony series, The series
is highly contorted and folded and has complex fault systems,
In areas that are covered the rocks crn often be detected by
shiny biotite shecks in the soil, The age of the Pony series
is thought to be Archean.

Cherry Creek Series:
Alth-ugh this formestion is not found in South boulder

Cenyon, its presence in nearby arees esteblishes this position

in the genlogie column, An erosionel unconformity exists
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between the Pony and Cherry Creek series. The Cherry Creek is
also a series of highly netanorphosed gheiasea and schists,

end it is very often difficult to differentiste it from the
Pony series, However, in meny pleces bands of marble and
quartzite ere found, therefore indiceting e sedimentary:origin,
Agein, the Cherry Creek is highly folded and contorted, These

rocks tend to be lighter in color then the Pony series,

Belt Series:

Between the Cherry Creek and Belt Series there exists an
erosional unconformity. The Belt although not found et
South Boulder, is the third member of the pre-Cambrien rocks
found in this area. In the Jefferson Canyon yhg Delt formation
consists of a conglomerste thet contains pebbles ond rather
large boulders of gneiss, quartzlte,‘ahd marble, The conglom-
erate grades into an arkose to the north snd esst, At Renova
the arkose is overlain by fine grained vari-colored sheles
and argil;itea. This gredation from conglomerete to arkose to
shale in such & short distence indicates thrt a delta condition
existed, with a land mass to the southeest end a large river
pouring these clestic sediments into the sea which ley to the
north, When viewed from a distance the Belt formetion hes a
deep brown look, much derker then the overlying Paleozoic rocks.
The Belt series is thought to be late Proterozoie (Algonkisn)

in sge,
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PALEQOZOIC KRA

Cambrian

Flatheed:
The first Cambriasn formation found is the Flathead quartze

ite and is middle Cambrisn in sge, The rock shows cross bedde
ing in meny pleces, indicsting shellow depositional enviornment,
The rock is a hard, coarse grained, pink, vitreous quartzite
.cemented with silica., This resistant rock often outcrops in
conspicuous ridges accompanied by talus slopes of large, blocky,
angular quartzite boulders, This formation is from 75 to 100
feet thick, The rock gets more impure towerd the ton/gggdes
into the Wnlsey shale, (See plste 1, Pege 8)

Wolsey:

The Wolsey formetion is e green, micaceous, snd argillaceous
shale., The shsle is charscterized by peculiaf merkings which
look like worm trells, The formetion becomes more limy toward
the top snd eventuelly gredes into the overlying limestone., The
soft shale werthers essily snd therefore forms grass covered
depressions end vrlleys.. The formetion is 300 feet thick,

(See plete 2, Page 8)

Meeghers '
The Meegher limestone is a formetion sbout 450 fect thick,

Chemicelly the ock is a megnesien limestone contsining from
5 to 15% megnesium, The lower 100 feect of the formetion cone
sists of a black slebby limestone. The next member of the fore
mation is a mottled "blasck end gold" limestone, This bleck end

n7¢v



Atevviom

PLATE 1

East side of South Boulder Canyon showing pre-Cambrien
and Cambrian formations,

PLATE 2 PLATE 3
Wolsey Shale Meagher Limestone
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buff mottling is very charseteristic »f the liesgher but only
occurs in certein horizons, ¥

At the top 10 or B0 fest bf"the Mesgher there.is '@ mone
thet conteins trilobites, These trilobites sre broken up pro-
bably by wave sction in a shellow sea., Also in this horizon
there sre loceted flat limest ne fragments which can be termed
as an edgewise conglomerste, The presence of and edgewise cone
glomerste further substentiates the theory of shellow weter in
the late-stages of deposition of the leagher,

The Mesgher strnds out in outerop in relation to the ade
Jecent sheles, The dip of the formetion is 40° N end strikes

N 65° w, .(See plate 3, pege 8)

Parks:

Up 1ift in‘some remote sres, Canade or Ideho mey hsrve been
the cruse for the deposition of the Park shsle. No outcrops of
this formetion e¢'n be found becsuse it is very soft #nd weethers
into gressy slopes snd valleys,. Thé formetion is & green, rissile;
argillsceous, micaceous shale., Often on'y small chips of Park
shale csn be found in the top-soil #nd can sometimes be found
in sueh excavetions ae gopher holes, This shele is distinguisned
from the Wolsey by lack of worm trails and by the fact that it
is more fissile. The thickness of the formation is from 75 to
100 feet,

Ellgrim:
The Pilgrim formation hes the chemical composition elmost
pure dolomite, This formaetion stends out in lerge ridges and



weotheps into large blocks, another weathering feature is
shown on hend specimens by smell ridges end grooves formed in
the rock. The lower 30 or 40 feet of the rilgrim resembles
the weegher tormation. However, the rilgrim is chmracierized
by a distinetive mottling in two tones of grays %his ﬁottling
has led to the name "zebra limeatbné" to be given to the rock,
whére ere no distinetive foésils tut the two tones of $:ay and
a sugery texture sre » grert aid in identifying the rﬁck. The
formation has a thickness of sbout 400 feel and the dip‘ia
sbout 42° W, (8ee Plate 4, page 8)

Dry Creekt :
Tisis formation, the Dry Creek shele, js the uppermost of

Cambrien strete in this eres, 7The shale is szndy end very ime
pure. Dry Creek shale does not eppesr in outerop very often
end usually occurs s¢ a gress covered slope or depression,
eregnents of reddish, brown, sendy Dry Creek shsle occur as
flost #nd cen sometimes be forund where ditehes have cut‘through
the ® psoil to exponse the formetion, 71he ground in thia for=
metion hes » reddish cest due to the nresence of iron, The Dry

Creek formetion is 90 feet thick,

Ordovicisn snd Silurien
There are no Ordovieisn or Silurien rocks in this sres,
Either there wes no deposition during these periods or there
wes depositinon with subsecuent erosion to remove ell traces of

rocks or these two geologic periods,

~10~



PLATE 4
Pilgrim Formation

Limestone

LPLATE 6

%ivingstone-Formation
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Jefferson:

The Jefferson dolomite is the first formetion of the
Devonian period and lies direetly over the Ceambrian due to the
lack of Ordovieien and Silurian strata. The formation 1is
approximately 1100 feet thick and cen be divided into two
rather clearly defined horizons, The lower portion of some
300 feet cen be best desoribed as a black or dark gray, muddy,
magnesisn limestone, The upper portion of the formation is
black, sugery, crystalline dolomite, Freshly fractured
épeoimena of the rock emit a fetid ofor due perhaps to the
presence of sulfur. In some horizons the formation has |
inclusions of drusy quartz geodes, There are no diatinotive
fosails to be found in the Jefferson formation. In this
area the Jefferson is not a ridge former but in other areas

it usually does outerop as a ridge.

dhree Forks:

The Three Forks shale is a formation which almost
invariably forms a valley due to the soft nature of the rocks,
The formation consists of gray to greenish fissile shales
which ere intercaleted with one inch lenses of ssndstones and
limestones, Fossils are very common in this formation,
brachiopods and bryozoans being in greatest abundence,

The formation is approximately 300 feet thick.

18



Mississippien

Madisont
The Madison group of sediments is divided into two

separate formations, the lower member is known as the Lodgepole
formation end the upper member is designated as Mission Cenyon.
The totel thickness of the Madison group is ebout 23550 feet.

Lodgepole:
This lower member of the Madison group is sbout 1100 feet

thick and consists of a dense, fine grained, black limestone
with shaly partings between beds., The rock hes much the
appearance as & rine grained basalt, Crinoid stems, bryozoans,

and brechiopods are very comson is the Lodgepole formation,

Mission Cenyon:
The Mission Cenyon or upper member of the Madison

group is a white, massive, orystaliine, limeétono¢ The crystals
are easily discernable in hend specimens and look about the size
of & matoh head, Some portions of the formation have chert
zones, which are probably due ﬁo secondary f£illing of porous
zones in the limestone, The lfission Canyon stends out in bold
outerop end is often called the "mountein making limestone®,
The formation has many fossils with crinolds, brachiopods,
bryozoans, and some molluscs being comuon, The Mission Canyon

is about 1250 feet thick. (Bee plate 5, pege 11)

Amsdens:
The Amsden formation is a limestone which resembles



Mission Canyon very greatly., ZIZDowever, 10 to 20 feet of red

beds known as "Amsden reds" lie between the Madison and Amsden
limestones, If these red beds csn be discovered then the lMadison
and Amsden cen be separated, The Amsden is about 350 feet thick.
Although the Amsden is placed in the Miseissippian period by
most stratigraﬁhers it also extends into the Pennslyvenian, It
can therefore be ooﬁsidered as transitional forﬁation between

two periods,

Penns ian

Quadrant: |

As stated before, the Amsden is a transiticnal formationg
end no sharp contect between it end the overlying Quadrant :
quartzite can be found, The Quadrant is a pink hard, vitreous,
pure cuartzite., A few thin layers of interstraetified limestone
are found in the cquartzite formation, The basal beds of the
formation show eross-bedding., The formmation is very resistant
and forms ledges end ridges wherever it outorops, Large
boulders westher out and rform characterisiic talus slopes,

The Quadrent is abouti’200 feet thick,

Permian
Zhosphoria:

The basal member of this formation is a quartzite
conglomerate sbout 10 feet thick followed by e black chert,
This black chert is irregularly banded and has a chonchoidal
fracture and is vefy characteristic of the Phosphoria, Overe
lying the chert is a this bed of phosphate rock. This
phosphate rock hes an oolitic texture and weathers to a light
gray or bluish tint, known as "phosphate bloom", Several of

“ld=



these thin beds of phosphate rock are found in the formetion.
In other parts of the state the beds thicken end are mined for
the phosphate. Also found in the formation are about 30 feet
of black fissile oil shales, These shales contsin kerogen and
will produce oil upon destructive distillation, A mateh flame
held to a fragment of the shale gives off the distinctive .
pertroliferous odor, Some shaly éandstonea are aiso found in
the formation, Contrary to the 1ogica1'conclusion the fore
mation was not nemed for the phosphate present but was named
for a town in Utah; where the formation outerops. The totel
thickness of the formation is about 100 feet, .

MES0Z0IC

Triassiec
Triassic formations are absent in this portion of the state,
The permien seas perhaps withdrew at the end of the Paleozoiec
Era end this area was a lend mass in Triessic times,

Juressic
Ellis:

The Ellis formation consists of shales; limestones and
sandstones, The Ellis is rather difficult to piek out and
hence sequence in the geologic column may be the best way to
recognize the formation, The base of the formation is a yellow
chert upon which are laid a serles of brown, green, and gray
shales, The upper member of the formation is a gray massive
linestone whick conteins en index fossil for this formation.

This fossil is a star shaped crinoid stem and occurs quite

=15~



ot
it

sbundantly in the limestone, Also present in the limestone are
fragments of oyster shells which meske the rock glisten when
broken snd e fresh surface is exposed, The thickness of the

Ellis is about 300 feet,

Morrison:

The Morrison formaetion is a series of variegated sheles,
The shales are very impure in meny ceses cen be clessified as
shaly sendstones, The color variation in the Mottison is
great, Gray; green; red, buff, and maroon shales ere found,
This difference in color mey be attributed to the chemical
state of the iron precent, The ferrous iron tends to give the
duller greens and greys; while the ferric iron gives the more
vivid reds and meroons, The Mofrison formation is a Terrestrial
deposit; with the materials of deposition coming from the rising
Cordillera in the west. 24 :

In other portions of the stete end in Wyoming the Morrison
has yielded dinoseur remains, One of the best clues to the
identification of the Morrison is to correlate it with the
overlying Kootenai formationis In this erea the thickness of

the formetion is sbout 250 feet.
Cretageous

Eootegg;:

The Kootenal formation is thought to be essentially a
terrestrial deposit and consist of sendstones, shales, end

some limestone, The basal member of the formation is & medium

T



grainad'rather comprct sendstone in which are found white
quaertzite particles and black chert particles, This gives

the sandstone a characteristic appearance and it has been
given the applicable name of "sale and pepper sandstone®,
Overlying the sandstone is & series of brillient red shales
known as the "Kootenail reds", Aboul twoethirds of the way up
the formation the limestone member 75 feet thick encountered;
This limestone contains fossil gestropods end for this reeson
has been labled the "gastropod limestone", The gastropods have
been identified by paleontolagists as a fresh water species;
The formation is capped by @« sandstone which does not resemble
the basal member, The fq?mation is approximately 850 fbét~thiok.

Colorsdos .
In the plains of the eastern part of the state the

Colorado attains a thickhsss of 2000 feetj but in the mountain
regions such as South Boulder only about 100 feet if Colorade
shale is found, The shales are gray, green and bleckj and
upon wetting a very sticky gumbo is formed,

Livingstone:
The Livingstone formation is a series of sgglomerates

end lave flows which occured close to the end of Cretaceous
time end preceded Larmide folding, Thelower portion of the
formation is about 1000 feet of agglomerate and consists of

rounded pebbles of basic lave in a matrix of volesnic mud,
Overlying this egglomerate is & lava f;cw which is andesitie

character for the most part. About 500 feet of these laves
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are present, Another egglomeratle similar to the basal member
is the next in the series, Capping the formation is sbout 500
feet of porphyritic lave, This rock is a Tine greined andesite
conteining leth like orystels of white feldspar which have a
parallel orientation. The ground-mass is of a deep brown to
green in color} and the presence of white phenocrystis gves a
texture that has been celled "oatmeal rock".

The complete thickness of the Livingstone has been estime
ated to be 2000 fest., (See plate 5, page 11)

CENO

Tertiary
e Beds: ,
The Cenozolie sedimentation is represented principelly as
Tertiary leke bed deposits, These deposits cover most of the
low lying aress and primarily interstratified sands and gravels,

Streem gravels, sends, and alluvial fan deposits are aslo classe

ified here.

HISTORICAL GEOLOGY

Intense metemorphism, complicated folding, and faulting
of the Pony serles; the basgel comples, has left their origin
very obscure, These rocks were eroded and brought to = base
level with a subsequent influx of seas end deposition of the
Cherry Creek sediments, Uplift and eccompenying metemorphism
chenged the Cherry Creek to a series of schists end gniesses
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similar to the Pony series. A long period of erosinni£ol]owed
and the area was egein depressed beneath the seas, A land mess
to the southesst then furnished the sediments for the thick Belt
formation which was deposited to the northwest end covered a
large area, The Belt is the last of the pre-Cambrian formations
in the area and is labeled as Algonkisn in age, No intense
mountsin making is evident between the Proterozoic end Paleozolce
eras, however a gentle warping of the Belt sediments has been
reported,

With the esdvent of Cembrien time the entire Montena area
wes a low-lying land surface and hence no lower Cambrian sedie
ments are found., Advencing middle Cambrien seas begen the
sedimentztion of the Paleozoic era, The era was marked by
widely fluctuating seas; with complete submergence in meny
periods and occessional emergence and partiel erosion of the
rocks, All of the Paleozoic strata are neerly parallel, however
meny hiatuses in the depositional ecyele indicate emergence as
low 1lying lend surfaces., A condition such as this maj account
for the absence of Silurian sedimentation or perhaps erosion of
the rocks may be the chlerl cause,

Life was sbundent during the Paleozolc era and warm waters
had to be present at times to account for the presence of corals,

Limestones sre the predominent rocks of the perlod which would

‘indicete that erosion was teking place over widespread low

lying lands,
No mountein making took place during the Paleozoic era,

however a broad regional upwarping is evident. The era



approached its close with a widespread deposition of esnds which
would indicate that uplift was tsking place in some distent
region, The Pennsylvanian and Permian seas were shallow as is
evidenced by the ripple-marked snd cross-bedded Quadrant forma-
tion and the special shallow sea conditions which must have
existed to deposit the oolitic phosphate of the Phosphoria,

At the close of the era the Permian seas withdrew and left
a large low lying erea with a desert climate, Hence the
Mesozoic ere is represented by Jurassic and Cretaceous sediments
only, Complete submergence in Jurassic resulted in the deposition
of shales and limestones, :

The lower Cretaceous is marked by widespread pledmont end
coastal plain lénds with tke beginning of the gfeat Laramide
uplift in the west, The upper Cretaceous sess fluctuated
widely snd resulted in en interfingering of marine shales and
terrestriel coastal plain deposits. As opposed to the great
thicknesses of Paleozolc limestones, the Mesozoic 1s best
represented by shales and sandstones.

At the end of Cretaceous time igneous activity began to
play an importsent role and the great thicknesses of Livingstone
Voleanices were spilled out upon the surface and into the seas,
Intrusion of such masses as the Boulder and Tobacco Rooﬁ
batholiths took place at this time or perhaps in very early
Tertiary (Paleocene).

In Tertiary times the mountsins uplifted by the Larsmide
orogany underwent deep erosion and an approach to base level,
Block raulting; warping and uplift in the west then oocuredAin



Eocene time, The down dropped blocks caused a series of moune-
tain valley lakes to be formed such as the Jefferson valley. The
subsequent erosion hes caused drainage of most of the lakes and
has produced our present topography.

The Pliestocene glaciers have left their merk upon the
topography with cirques; U-shaped valleys, such as South
Boulder Canyon; and glacial moraine,

IGNEOUS ROCKS

Most of the igneous rocks of the areas in whick work was
done have been discussed to come extent in the section on rock
desoriptions. The pre-Cembrian Pony and Cherry Creek series
have been intruded by cerk colored Sills; granitic rooks; and
pegmatites, Also; it is very difficult to det@rminehthe origin
of many of the schists end gnesses of the pre-Cembrien. The
minersl composition of many of these rocks, however, suggesta
that their origin might well be igneous,

The entire Paleozolc era transpired without igneous activity,
Late in the Mesozoic era in upper Cretaceous time a great series
of lava flows spilled out over the flat lying sediments of the
area, These volcanics are discgssed under stratigraphy and are
known ag the Livingstone formation,

In early Tertiary (Paleocene) times came the intrusion of
the Boulder batholith end other related igneous masses, It is
thought that such igneous bodies as the Tobacco Root batholith
were intruded at the seme timej and perh&Ps all of these plutong
are aoctually from the same source. IEffects of these large
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igneous bodies were tremendous, but out area has not been

affected to eny great extent.

STRUCTURE

The strudtural geology of this area cen best be brought out
by é brief discussion of broad overall regilonal structure,

Intense folding and complicated fault patterns in the pre-
Cambrien systems indicate great orogenic forces as being active
in those times, Very little work has been done in conjunction
wlth the structure in these rocks,

With the sdvent of the Laremide orogeny in late Cretaceous
time the sediments of the Paleozoic and llezozolic eras were
subjected to intense folding end feulting. Synclines and enti-
clines were rorméd first as a result of gentle upwarping, greater
and continuing forces tended to overturn many of the folds and
in many ceses frooturing and overiding of beds ocurred., Cone
Bequently; western Montena is marked by a series of low angle
thrust feults with lateral displacements of great magnitude,

After the great mountsin building activity had died out
block frulting of large megnitude and wide extent took place,
Probable reesons for this block faulting are exﬁleined as'being
a relaxation in the greet tangential forces which had csused
the mountain building., These feult blocks find expression
today éa the 1arge {inter-montane valleys of western Montana,

Looally; structures will vary and many minor faults and folds
have been formed, These local structures in our area will beﬁdis-

cussed in the section where these areas are taken up in detail.



DESCRIPTION OF THE MAYFLOWER AND RENOVA AREAS

Several crews worked on the map of the Mayflower area,
which accompenies this report. The maps were combined to show
a better picture of the structure,.

The map shows a syncline thet plunges to the southeast,
The south 1imb of the syncline dips to the north at about 40°,
The north limb of the syncline has been cut by the lMayflower
fault, which has thrown strata of Cambrian ege against Creta-
ceous rocks., A cross section A-A has been drawn to illustrate
the structure, Cembrian strata at the north end o the cross
section dip elmost vertically and are cut off by the fault,

The more gently dipping beds to the south also terminste at the
fault, See cross sectlon on page 244,

An eiplanation of this structure is as followe, A series
of fat lying sediments were subjected to tangentisl north and
south forces, A syncline developed, but with en inereese in
force the north limb became almost vertical., These brittle
rocks did not become overturned but rather & fault developed to
take up the stress, Tk fault is a high engle thrust feult
with a dip of about 60 to 70°, Some lateral movement along
the fault is also evident by the displaced strate in the north-
east section of the map. Hence, the llayflower fault may be
termed s e hinge fault. :

At the south end of cross section A-A another feault is
encountered, This is a normal fault as shown on the cross
section, end repests two of the formations, Quadrant end

Phosphoria,
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The map labled as the Renova - Bone Basin Area, was drawn
up from work don by three crews, Our area of this map is
shown in the ledgend as the work done by erew No, 1.

In this area we followed Cembrien strete along high ridgeé
which they hed formed., A series of short choppy faults were
encountered and are shown on the map., These faults appear to
be about vertieal and have the seme generel trend in strike.
lost of the frults have a strike of about N 50° E, It was
proposed thet perhaps one of these faults is a cantinuation
of’the gtrong Mayflower fault, This is possible because the
faults have the same genersl trend, However, the area between
the lisyflower end Renova was not mapped so that this idea
cannot be verified.

It hes been stated by Tansley and Schafer that, "these
faults appear to be an sdjustment of relstively brittle roock
1z yers to the sherp folding of ?aleozoic rocks eround the
northern nose of the range--the broken apex of a subordinate
fold on the major déme.“-i

The rocks found in this erea are much the ssme as stulied
“in the South Boulder Section, and not much difficulty was
encountered in the identification of the strata, The faults

also were identified guite easily except on talus covered slopes,

1 Tansley, Schefer, and Hart, ‘%bGeologloal Reconnaissence of
the Tobacco Root Mounteins, P 204 —
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PLATE 8

Mayflower line

Madison County, kiontena



The greatest percentage of Montana's mineral wealth has
been produced from the south-west portion of the state, Mountain
nmaking and igneous activity have cszused this great concentration
of mineralization.

The specific ereas discussed in this report have only. two
mines of economic consideration. These mines are the Mayflower
end Florence,

Aveilable figures on production show that between the years
of 1896 and 1901 the Mayflower mine yeilded about $1;250;ooo.
This was produced from a high grade gold ore which averaged
about $150.,00 a ton., During this period the property was
ovmed by Williem A. Clark, At present the mine is owned by the
Anaconda Copper Mining Company and has been shut down since the
wartime ban on gold mining went into effect,

The Mayflower ore shoots are of the fissure type and lle
on the northwest side of the Mayflower fault. The ore shoots
dip steeply and are associated with the Wolsey shale of the
Cembrian period. :

The Florence mine at present is being operated by a single
lessee and no figures are available as to prior production.

A piecture of the Mayflower mine is shown on Plate 8, page 25,
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