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CHEMICAL ANALYSES OF IG zeus ROCKS AND V RIATION DIAGRAMS OF

PETROGRAPHIC PROVINCES OF NTANA

by

Frederick • Hilpert

INTRODUCTION

The tlVO purposes of this paper are the collection under one

cover of all the chemical analyses of igneous rocks for the state
of ontana since 1913, and the comparison of the petrographic pro-
vinces of ontana by means of Larsen's variation diagrams. The

riter, after an extensive perusal of the literature, has found 21
.ana~ses that are not listed in the United states Geological Sur-
vey Professional Paper o , 99. Paper o, 99 includes 158 chemical

an lyses of i neous rocks for ntana prior to 19130
The s condary purpose of this paper is to determine if any

similarity exists b teen the various petrographic provinces of
nt a. Larsen has presented a ne type of diagram, in hich he

has plotted the acidic oxides, minus the basic oxides, against the
bas·c oxides. Thes variation diagrams ere used in the coraparison
of the petrographic province of [ontana.

The riter, at this time, .ould .ik~ t express his gratitude
and ppreciation for the 0,portunity of pur-sum this study at the

ontana School of · .s , and ...or t!!t; coop ..r tlon and encouragement

of the faculty and gr uate students. Particularly ece thanks due,

nd offered, to Dr. 'k. S. Perry .1 to • F. S. Robe:-i",on, hose

ble guidence has een of inestimatable value in the investigation

of this probl •
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CHEMICAL Ax LYSES OF IGNEOUS ROCKS OF ONTANA

A total of 179 chemical ana~ses of igneous rocks are avail-
able for the state of ontana, but these analyses do not cover the
entire state in a satisfactory manner. There has been an emphasis
on the central part of the state," and an almost complete lack of
interest in the southern portion of ~ntana. This lack of interest
is due in part to economic reasons, since economics to a large ex-
tent governs geologic exploration.

Professional Paper o. 99 of the United states Geological Sur-
vey has listed 158 analyses of igneous rocks of Montana made prior
to 1913. These analyses have placed emphasis on n~e localities,
hich are the Butte district, FJ.khorn district, Bear-panMoWltains,

Castle}, untains, Crazy Mountains, Haystack stock, rlighwood un-

tains, Little Belt untains, and the naconda Range. Also included
in Professional Paper o. 99, is a limited number of chemical anal-
yses of igneous rocks other than those included in the above locali-

ties.

Since 1913, the i neous rocks of the Shonldn Sag, Big Belt
untains, and the Beartooth untains have received a considerable

amount,of attention. This attention has ta.ken the form of an in-

vesti ation into the constituents of the igneous rocks, as well as
an investi ation of the structural features exhibited by the above
areas. In addition to the chemical analyses of the igneous rocks
of these three ar as, a i'e~ miscellaneous chemical analyses are
iven on the follo in p ges:

2 -



CHEMICAL NALYSIS SINCE 1913

33 87 88 89 90

Si02 66.22% 47.88% 45.77% 46.06% 49.88%

A1203 16.22% 12.10% B.94% 11.05% 16.17%

Fe203 1.98 3.53% 3.63% 3.04% 3.77%
FeO 0.16 4.80% 7.13% 5.82% 3.4210

MgO 0.77% 8.64% l2.96% 8.03% 3.26%
Cao 1.32% 9.35 1l.56 10.02% 5.00%
Na20 6.49 2.94% 1.40% 2.50% 4.28%
~O 5.76% 5.61% 4060% 6.25% 7.84%
~o ... 0.08% 1.52% 0.95% 2.04% 2.64%
H20 - O.24d 0.7010 O.lg;o 0.16 0.670

P20S 0.10 1. 1.52% 1.2l% 1.33%
Ti02 0.22 0.77% 0.76% 1.07% 0.42%
MnO tr 0.1510 0.13 0.30% 0.42%
CO2 0.12% 0.00% 1.39% 0.35%
F tr

S

BaO 0.29% 0.46 0.26% 0.52% 0.60%
srO 0.06 0.13 tr 0.08%
Cl 0.04% tr . tr
LiO tr2

Cr203 tr

iO tr

Total 99.9 99.99/0 99.79 99.64% 100.05
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128 129 130 131 132
Si02 48.96% '49.94% 50.18% 52.07% 47.76%
A 12°3 17.04% 17.02% 15.34% 18.18% 16.20%

Fe203 3.90 6.05% 6.37% 4.17% 3.98%
FeO 5.02% 3.87% 4.44% 4.73% 6.45%
MgO 4.54% 4.25% 4.11% 3.33% 4.90%

CaO 8.56% 9.22% 8.62% 7.58% 8.60%
Na20 3.59% 2.81% 4.06% 3.57% 3.20%
K20 4.75% 2.41% 2.48% 2.87% 3.76%

H20 + 1.97% 1.67 2.01% 1.12% 3.06%
H20 - 0.080 l.ll~ 0.36% 0.65% 0.31%
P205 0.75 0.41% 0.58 \ 0.•64% 0.61%
Ti02 0.61% .0.61 0.89% 0.79% 0.58%

0 012 0.13 0.12% 0.09% 0.16%
CO2 0.00% 0.00 0.00% 0.00% ·0.00%
F

s 0.05 0.14% 0.06% 0.03% 0.04%
BaO 0.1 0.13% 0.17% 0.08% 0.15%
SrO 0.0 0.00 0.030 0.02% 0.03%
Cl
LiO2
Cr203
iO

Total 100.15 99.77 99.82 99.92% 99.79%
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133 134 148 152 161
Si02 50.700 47.40 61.21% 39.19/0 65.02%
A1203 18.32% 16.24 15.20% 8.41% 14.16%
Fe203 4.62% 5026% 2.49% 3.47% 8.44%
FeO 3.01% 4.73% 3.30% 5.51%
MgO 4.09 4.47 4.]21 22.78% 0.05%
CaO 8.68% 8.16% 6.05% 8.90% 2.40%
a20 3.33 3.1 3.32% 3.23% 5.39%

K20 3.16;0 4.46% 2.31% 2.14% 2.72%
~O + 1.77% 4.27% 0.92% 3.66% 1.54%
H20 ..:. 0.60 0.24% 0.56%
P205 0.31% 0.69 0.53% 0.19%
Ti02 0.66% 0.5 0.62% 0.40% 0.61%
0 0.09 0.08% 0.24;0 0.10%

CO2 0.12 0.00 0.00%
F

S 0.28 0.08
BaO o. 0.15%
srO tr 0.04
C

LiO2
Cr203 O.ll
iO

S03 1.34%
zr02 0.10%

Tot 1 99.83 99.64 99.78 100.47 100.77of
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164 172 173 174 175
Si02 64.17% 66.11% 70.82% 65.74% 65.94%
A12°3 15.25% 15.44% 15.45% 16.49% 16.79%
Fe203 2.16% 1.30% 0.58% 0.66% 1.;A)%

FeO 2.98p 1.15% 0.65% 1.01% 0.25%
gO 2.60 0.97% 0.48% 0.83% 0.22%

CaO 402Jf,% 2.91% 1.53% 3.33% 2025%

Na20 2.62% 3.76% 4.52 4.37% 5.61%
K20 4.34% 3·91% 3.66% 2.35% 4.47%
H20 + 0.65 1.880' 0.99% 1.56% 0.57%
H20 ~ 0.16% 0.47 0.46% 0.56% 0.22%
P205 0.67 0.04 0.09% 0.06%
Ti02 0.67% 0.27% 0.12% 0.17% 0.20%
0 0.06 0.05 0.07% 0.09%

CO2 1.74% 0.55% 2.64% 1.6, v

F

S

BaO 0.22
SrO
Cl
LiO2
Cr203
iO

S03

zr02

Total 99. 4 100.12%99.74 99.87
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176
Si02 62.27/0

A1z03 17.20
Fe203 0.88%
FeO 0.49%

0.47
CaO 1.9
a20 6.07

K20 3.35
H20 .f. 0.63
H20 - 0.11

P205 0.13
Ti02 0.19%

0 0.04%
CO2 0.9
F

s

0 0.09

SrQ

C1
Li20
Cr203
iO

S03
Zr02

atl 99.74
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No. 33

Location: Gray Butte, Bea.rpawMountains, Montana

Analyst: H. N. Stokes
Reference: J. E. Blixt, Iont.ana Bureau or Mines and Geology, em-

oir 8, p. 9, 193?
Description: Quartz syenite porphyry

o. 87
Location: Shonkin Sag, ontana

Analyst: T. F. Hillebrand

Reference: F. F. Osbourne and E. J. Roberts, Am. Jor. Sci., 5 Ser.,

Vol. 22, p. 344, 1931
Description: Shonkini te

r~o. ss
Location: Shonkin Sag, ontana

Analyst: E. J. Roberts

Reference: F. F. Osbourne and E. J. Roberts, Am. Jor. Sci., 5 Ser~,

Vol. 22, p. 344, 1931
Description: Shonkinite

o. 89
Location: Shonkin Sag, ontana

Analyst: E. J. Roberts
Ref renee: F. F. Osbourne and • J. Roberts, Am. Jor. Sci., 5 Ser ,

Vol. 22, p. 344, 1931
Description: Shonkinite

o. 90
location: Shonkin Sag, ontana

- 8 -



Analyst: E. J. Roberts
Reference: F. F. Osbourne and E. J. Roberts, Am. Jor. Sci., 5 Ser.,

Vol. 22, p. 344, 1931
Description: Syenite mediumgrained

No. 128

location:

Analyst:
Reference:

Big Belt untains, Montana
F. • Gony'er

J. B. Lyons, G. S. of A. B. 55, p. 466, 1944
Description: Not given

No. 129
Location: Big Belt ountains, ontana
Analyst: F. • Gonyer
Reference: J. B. Lyons, G. S. of A. B. 55, p. 445, 1944
Description: Not given

o. 130
Location: Big Belt untains, ontana
Analyst: F. A. Gonyer

Refelence: J. B. Lyons, G. S. of A. B. 55, p. 445, 1944
Description: Not given

o, 131

Location: Big Belt ountadns , ontana

Analyst: F. A. Gonyer

Reference: J. B. Lyons, G. S. of A. B. 55, p. 445,1944
Description: ot given

o , 132

Location: Big B It aunt ins, ontana

nalyst: F. Gonyer

- 9 -



Reference: J•. B. Lyons, G. S. of A. B. 55, p. 445, 1944
Description: Not given

No. 132
Location:
Analyst:

Big Belt LioWltains,

F. A. Gonyer

ohtana

Reference: J. B. Lyons, G. S. of • B. 55, p. 445, 1944
Description: Not given

No. 134

Location: Big Belt 'ountains, ontana
Analyst: F. A. Gonyer

Reference: J. B. Lyons, G. S. of A. B. 55, p. 445, 1944
Description: Not given

o , 148

IDeation: Bannack , Montana
Analyst: • S. Yarwood

Reference: P. J. Shenan, Mont. Bur. of Mines and Geol., B. 6,
p. 20, 1931

Description: Biotite hornblende granodiorite

No. 152
Location: Tionett, Fergus Co ,, ontana
Analyst: J. G. Fairchild
Reference: C. S. Ross, Am. Jor. Sci., Vol. 11, 5 Ser., p. 222, 1926
Description: ephelite-bauynite alnoite

o. 161
Location: orth occasin ountains, ontana
Analyst: L. J. Hartzell

Reference: J. • Blixt, ont. Bur. of · es and Geol., am. 8, p. 9,
1933

- 10-........-------------------------



Description: Not given

No. 164

Location: Frohner · e, Helena, Montana

Analyst: H. I!. Stokes

Reference: P. J. Shenan, nt. Bur. of Mines and Geol., B. 6,
p. 20, 1931

Description: Quartz monzonite

o. 172
Location: Round untain, Nye uadrangle, Beartooth MoWltains, Montana

Analyst: T. Kameda

Reference: J. T. Rouse, H. H. Hess, J. S. Vhay and K. P. ilson,
J. G., Vol 45, o. 7, p. 732, 1937

Description: Dacite porpQyry

No. 173

Location: ROWld ount.adn;: Nye Quadrangle, Beartooth MoWltains, Montana

nalyst: T. Kameda
Reference: J. T. Rouse, H. H. Hess, H. S. Vhay and K. P. 'lilson,

J. G., Vol 45, No.7, p. 732, 1937
Description: uartz-kera tophyre porphyry

o. 174
location: Timberline Creel<, Beartooth untains, ontana
nalyst: R. B. Ellstad

Reference: J. T. Rouse, H. H. Hess, J. S. Vhayand K. P. ilson,
J. G., Vol 45, No.7, p. 732, 1937

J

Description: Gray quartz-monzonite porphyry

o. 175
Location: Beartooth Plat u, Beartooth ountadns , ontana

nalyst: • B. Ellst d
-ll-



Reference: J. T. Rouse, H. H. Hess, J. S. Vhay and K. P. ilson,
J. G., Vol 45, No.7, p. 732,1937

Description: Bro n quartz-monzonite porphyry

No. 176
Locat~on: Rock Creek, Beartooth ounta~s, Montana
Analyst: R. B. Ellstad

Reference: J. T. ouse , H ..H. Hess, J. S. Vhay and K. P. 1~ilson,

J. G., Vol 45, No.7, p. 732, 1937
Description: Gray quartz-monzonite porphyry

GENERAL DESCRIPTIO OF lD.JOR IGNOOUS AREAS

Ana~ses of igneous rocks sufficient for comparisons are avail-
able of seven igneous localities in ontana, therefore a brief des-
cription of the igneous rocks of these localities will follo :

Boulder Batholith: The Boulder batholith is divided' into the Butte
district, and the Elkhorn district. The Butte district, according to
eed (7), is in the southern part of the batholith,. and is char-

acterized by a change from the hornblende granite of the batholith
to the local quartz monzonite. This monzonite at Butte is of a
greenish color due to the greenish alterations of the feldspars pre-
sent. There are t va other types of rocks present; aplite, and fine-
grained diorite, v~hich is not present in the inmediate vicinity of
Butte.

The Elkhorn district also is a part of the Boulder batholith, but
associated igneous bodies are present. ccording to Barrell (1) the
first of the i neous intrusions ere dikes emanating from a syenitic
magma. The e dikes show an extreme differentiation from acidic to basic
types. fter the fir t intrusions, there followed eruptions from a dior-
itic and g bbr~ C formin stocks, laccoliths, and dikes. The next
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intrusion was of a quartz diorite followed by the quartz monzonite
of the Boulder batholith. Aplite dikes intruding the batholith was
the last stage of igneous activity.

Bearpaw Mountains: The Bearpaw Mountains, according to eed and

Pirrson (8), have had two periods of igneous activity. The first
period consisted of an extrusive stock, which in turn is related
to extrusive breccias. The second period of activity was made up
of dikes that cut and altered the sedimentary beds and the igneous

rock of the stock. The intrusive igneous rocks of the area range

from a syenite porphyry to mica-bearing basic pegmatite.

Castle Mountains: Igneous rocks in these mountadns 'Were considered
by 1eed "and Pirs50n (9) to be a dissected volcano that yielded lava

flows and fragmental deposits. The igneous rocks are all considered
to be related to the volcano source, and to result from differentia-

tion in the original homogenous mass. These rocks range from rhyolite
to a basic basalt.

Crazz MOuntains: The igneous rocks of these mountains as described
by 1t~olff(12), have formed stocks, laccoliths, Sills, and dikes,
and range from a granitite to a theralite. The basaltic rocks are
coarsely grained and porphyritic when occurring in thin sheets or
dikes due to the quicker cooling of the smaller bodies. The gran-
itite probably comes from small dikes in a dioritic stock.

Haystack stock: This stock near Cowles in Park County is described
by Emmons(2) as having an irregular shape, and cutting through

the pre-Cambrian schists, Cambrian sedimentary rocks, and early acid

breccia. The stock itself is described as essentially a coarse-
grained gabbro diori te 'i th rela ted rocks ranging from quartz mon-

-14-



zonite to olivene gabbro. The related rocks are thought to be the
result of differentiation in the original magma. The outcrop area

of the igneous rocks is about two and a half square miles.

ins: The High ood ountains, also described by ~eed----
and Pirsson (10), are a group of deepl.y eroded extinct volcanos,
in vhich their central cores are now left as the main canals to
large bodies of magma presumed to lie at depth. On the southeast
of the mountains is a restricted area of intruded sheets and lac-
coliths. Also large masses of breccias occur mingled with the vent,
hich produced the lava £101S. series of radiating dikes sur-

round the central cores. The igneous rocks of this area range from
a syenite to a basic shonkinite.

Little Belt ountains: The igneous rocks of the Little Belt oun-
tains, again described by eed and Pirsson' (11), are divided into
four general groups. The first of these groups is a granular non-
porphyritic granitic rock of plutonic origin, whicll occurs as stocks
and a few of the dikes. The next group consists of acid feldspathic

porphyries that are found in the laccoliths and a large number of
the dikes and sills. The third group embraces the lamprophyres that

are found in the dikes and sills only. The last group is the ex-
trusive rocks, lhich are restricted to two occurrences of basalt.

Bi ~ ountains: The Bi Belt ountains, escribed by Lyons (5),

include a thick volcanic sequence of flow breccias and agglomerates
folded alon a north esterly trending axis. The extrusive rocks

are restricted to orthoclase basalts and analcime tracllY basalts.

The intrusive roc s range from gabbros to quartz monzonites. s arm
of di es radiate fro the Three Sisters composite stock, occasiona~

- 15 -



these bodies have changed their mode of occurrence and form lac-
coliths and sills.

Anaconda Range: Igneous rocks occupy about half the area of the
Anaconda and Flint Creek ranges, according to Emmonsand Calkins

(3). In general they occur in large irregular or domelike masses,
and to a lesser extent as dikes and sills. These rocks, being more
resistant to weathering, make up the high parts of the mountains
along v ith the metamorphosed sediments. The large intrusives of
the area range from diabase to a siliceous granitoid rock with
muscovite and biotite.

lARSEN'S VARI TION DIAGRAMS

Larsen has this to say about his variation diagrams (4-506).

uIn petrographic provinces here the rocks range from basalt or

gabbro to rhyolite or granite, the silica increases rather regularly,
and in most batholiths the earliest intrusions 1ere low in sUica

and later intrusions ere progressively more siliceous. There is
some justification, therefore, with such rocks ,for plotting the
other oxides against silica. However, potash increases, and lime,
total iron, and magnesia decrease about as regularly as sUica

changes. oreover, it is about as likely that there is an analytical

error in the deterInination of silica as of the other oxides, and
magmas are as likely to be erratic in their silica content, through
contamination or some other process, as in their other oxides.1I

"After making many plots, it seems best to the author to deterlnine
the position of the roc on the basis of all its variable major constit-
uents, which are Si02, CaO, , total iron, and K20• lwnina is erratic
and does not have a uniform slope; soda is nearly constant. The vari-

ation curves show that the range in percentages -from rhyolite to basalt-
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for all the constituents except Si02 is about the same, and the
latter has about three times this range. In the plots advocated
in this paper, the position of the analysis is determined by the

sum of one-third Si02 and K20 minus the sum of the MgO, CaO, and

total iron calculated as FeO."

Explanation 2.! the Calculations: A sample calculation is shown

on the .fOllOl'Jing page for the purpose of explaining the method used

in arriving at the position of the two axes. The first step in

the calculations is the transcribing of the information from the
source to the calculation form as shownin column1. Since Fe203

must be converted to FeO, the Fe203 is multiplied by 0.9 and the

MnO, if any, is added. This answer is then changed to the nearest
tenth and added to the FeO and placed in colwnn 2. The BaO and

SrQ, if any, are added to the CaO, acadn changed to the nearest

tenth, as shown, and placed in column 2. The values from H20 do n
are not included in the calculations. Colwnn 2 is then added a d
adjusted to as close to 100% as possible. Upon completion of the
primary calculations, 1/3 of the Si02, plus the K20, minus the FeO,

minus the MgO, minus the CaO ~ill constitute the horizontal axis.
The MgO, plus the FeO, plus the CaO will determine the vertical axis.

DISCUSSIOI~OF TH VARIATION DIAGRAMS

Since the discussion, f'romthis point on, will deal primarily
with petrographic provinces it ould be best to give Pirrson's (6)'

definition of the term. "The igneous rocks of oertain regions, re-
gardless of mode of occurrence and general composition, have partic-
ular features that are more or less distinctive of all members of
the group that occur there. This communf.ty of characters is shown
by the presence in all the igneous rocks of particular varieties of

- 18 -



S.ample !{o. 1

Analysist H. N. Stokes
Location Nettie Mine, Butte, MOntana

Reference 11. H. 'feed, J. G., Vll, p. 739, 1899

Description Aelite
1 2 3

Si02 7.6•8'lt>. :Z6·2~ 7.'1.'112

A1203 12.52~ 12.5% 12.6%
Fe203 0.67% % 01

'2

FeO O.OO~ O.6~ O.6~
MgO O.O~ O.l~ O!l~
CaO O.!i2~ O!~ O'2~

Na20 2.47% 2.5% 2.53?
K20 2.78% 2.8% 5.9%
H20 + O.~2~
H20 ..:.O.22~
P205 0.05%

Ti02 O.ll~
0 tr %

CO2 %

F %
s %

BaO 0 %

srO 0 ~

LiO tr %2

Cl 0 %

~

~

Total 99.82% 98.9

1/3 Si02 + K20 - FeO - MgO - CaO = 30.6

lJgO + FeO + CaO = 1.2

99.9%
- 19-



minerals, or by peculiarities of chemical composition and generally

by a combination of these things."

Since almost all the geographical restricted areas, for which

a sufficient number of analyses are available, exhibit a wide vari-

ety of rocks, an excellent curve can be plotted from the chemical

analyses. Seven mountain ranges or districts have sufficient number

_ of analyses to attempt separate curves for possible correlation pur-
poses. The other areas of MOntana for ~hich a limited number of
analyses are available are plotted on the composite diagram. Also

included in the composite diagram are analyses, lihich cannot be lo-

cated from the description given in the sources.
The Butte district was combined with the Elkhorn district be-

cause of their association with the Boulder batholith. A very good

curve has resulted from the plots of the combined districts, since

the Butte area is primarily acidic in nature, while the Elkhorn dis-,

trict has a complete range in differentiation. This range in dif-

ferentiation is due to the emanations of basic type rocks follow d
by the intrusion of the Boulder batholith. If the point on the x

axis and y axis where the curve intersects, is used'as a reference
point, then it is seen that the combination of the Butte' and Elkhorn

districts intersect the x axis at 31.6, and the y axis intersection
is 35.4. These figures will be used for correlation with the other

variation diagrams.
Both the Bearpaa MOWltains and the Castle lJountains show a

range of rock types, and therefore make a good representative varia-

tion diagram. As shownby the diagram, there is a 'Widedifference

between the two mountain ranges on the basic end, and a closer agree-

ment on the acidic end. The Bearpaw Mountains are more acidic and
likewise more basic than the Castle Mountains. The intersections of
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the Bear-pawand Castle Mountains are, respectively, 29 x and 42.2 y,

and 30 x and 36.5 y.
The Crazy ountains also have a wide range from the acidic to

the basic rocks. The points on this diagrrun do not exhibit the
same uniformity as the other daagrams , whi.ch is due to the analyses

of some of the semi-basic and basic rocks. A representative curve

is still possible with the vviderange in rock types. The intersepts

of the x and y axes are 28 and 37.

Only five analyses of the Haystack stock are available, but

the range in r-ocks from acidic to basf.cd.s very good, henceforth

the curve is justifiable. The curve for the Haystack s'tock inter-

sects t he x axis at 30 and the y axis at 35.

The Hiehwood and Little Belt ountains also have a large number
of analyses, ~hich show a ide range in rock types. The curves

drawn for these t 0 areas are almost parallel, although t-her-e is a

general trend to come closer together at the acidic end of the dia-

gram. The intersepts for the High'WoodMountains are 30.4 x and

39.3 y. The Little Belt Mountains intersects the x axis at 30.L.~

and the y axis at 37.7.
The composite diagram was made to include all the above areas

and the miscellaneous analyses available of the state. The miscel-
laneous items include areas for which a suitable number of analyses

ere not available to construct single diagrams. In addition to

these areas, analyses ~ere given of the state for which exact lo-
cations are missing, and vihich also wer-e included in the miscellaneous

o

The composite variation diagram does not show the two general trends

that are discernable in the single diagrams, since the plots appear

as one rather broad curve.

'Ihere are two general trends in the variation diagrams, which
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can be correlated by their geographic location. The Highwood and
Bear paw ount.aans , which lie in the north central part of the state
have the highest y interseptions of the areas investigated. These
interseptions are 39.3 and 42.2 respectively. The x axis inter-
septions are 30.4 and 29 respectively. These t~o areas could be
considered as one general trend.

'!he second major division is made l:lPof the Little Belt oun-.
tains, Haystack stock, Crazy Mountains, Castle MOWltains, and the
Butte and Elkhorn districts. The maximum range in interseptions
of the x axis is 30 to 31.6, ~hile the range in the y axis is 35.4

to 37.7. These districts are south of the Highwood and Bearpaw
Mountains, hfch lumps the estern end of the state and the north

central end into t 0 general petrographic provinces and also into
two general geographic areas.

CONCI1JSIONS

The primary purpose of this paper is the collection, under one
cover, of the chemical analyses of Montalla's igneous rocks made

, .'

since 1913. The United states G~ological Survey has done an adlnirable
piece of ork in the gathering of all the analyses prior to 1913 in
professional Paper No. 99, but that paper is not as up to date as
one might desire. The vriter hopes that, in the future, someone may
be able to use the analyses listed in. this paper.

The secondary purpose of this paper i .the discussion of larsen 1s
variation diagrarns in r ard to the rocks of orrtana, The t 0 gen-
eral trends th t appe'r as the Ienuit of ~h~ investigation of this

could be grouped ~ lt~ one general petrographic province; and that

the Little Belt unt.aine, Crazy Mountains, C stle ounbatns , Haystack
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stock, Butte district, and the Elkhorn district lie in a second
general petrographic province. These t 0 provinces, as shown by

the enclosed map of ontana, have a general geographic division into
t 0 areas.

In the secondary phase of this paper, it is very difficult to
arrive at any conclusive ana ere Very little is kno n of the ap-

plication of variation diagranls in correlating petrographic provinces.
Questions, such as ho exact must the lines on the variation dia-
grams coincide, have not as yet been answ~red in a satisfactory man-
ner. Therefore, any conclusions derived from the variation diagrams
in this study are approximate and cannot be stated as accomplished
facts.

2276
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