University of Montana

ScholarWorks at University of Montana
Graduate Student Theses, Dissertations, &
Professional Papers

Graduate School

1972

Fission track and K-Ar dates on the northeastern border zone of
the Idaho batholith
James Ardon Ferguson
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.
Recommended Citation
Ferguson, James Ardon, "Fission track and K-Ar dates on the northeastern border zone of the Idaho
batholith" (1972). Graduate Student Theses, Dissertations, & Professional Papers. 7555.
https://scholarworks.umt.edu/etd/7555

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.

FISSION TRACK AND K-Ar DATES ON THE NORTHEASTERN
BORDER ZONE OF IHE IDAHO BATHOLITH

By

James A. Ferguson
B*A#, University of Montana, 1970
Presented in partial fulfillment of the requirements
for the degree of
Master of Science

UNIVERSITY OF MONTANA
1972

Approved by;

Chairman, board of

n, GradM6 te School

UMI Number: EP38356

All rights reserved
INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript
and there are missing pages, th e se will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMT
Oissertation Publishing

UMI EP38356
Published by ProQ uest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProQ uest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United S tates Code

ProQuest
ProQ uest LLC.
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106 - 1346

ACKNOWLEDGMENTS
During the course of this thesis I was aided immeasurably
by a great number of people, who not only provided, through
their discussion, valuable insights into some of the problems
that were encountered, but who also gave quite freely of their
time and talent.

I would especially like to thank Drs. D. W.

Hyndman and J# P. Wehrenberg of the University of Montana for
the many ideas they provided, and Dr. B. L. Armstrong of Yale
University for his kind and prompt service in doing the K-Ar
dates for me.

Dr. Elton Turk of Aero Jet Nuclear Corp. did

the neutron irradiations for me and for this I would like to thank
him.

Funds for the irradiation were provided by University of

Montana grant #805-5.

ii

TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS.......................................... 11
LIST OF TABLES...................... ................... ...
LIST OF F I G U R E S ...............................

vl

Chapter
1. INTRODUCTION...........

1

2. PREVIOUS GEOCHRONOLOGICAL AND STRUCTURAL STUDIES

. . .

4

Idaho Bathollth................................. 4
Metamorphlc Rocks

. . . . . . . . . . . . . . . . .

Sedimentary Rocks

. . . . . .

.........

5

....

7
8

Structural Sequence

3. PETROGRAPHY OP ROCKS USED FOR D A T I N G .................10
Thln-sectlon Descriptions
General

. . . . . . . . . . . . . 1 0

. . . . . . . . . . . . . . . . . . . 1 3

Idaho Bathollth . . . . . . . . . . . . . . . . . 1 3
Skookum Butte Stock

. , * . . . . . . . . . . 1 3

Politic Schist

.......

......

14

Quartzlte*Quartzitic Gneiss . . . . . . . . . . . 1 5
Quartz Dlorite Orthogneiss
Amphlhollte ...........

. . . . . . . . . . . 1 5
. . . . . . . . . . . . 1 5

Idaho Bathollth Contact Zone

. . . . . . . . . . 1 6

Precamrian R a v a l l i .........
4. METHODS AND TECHNIQUES
Separation

..................

..16
1?

......... . . . . . . . . . 1 7

Sample Preparation and Dating
111

. . . . . . . . . 1 7

Chapter

Page

5* RESULTS...............
Values Obtained

19

• • • • • • • • • • • • • • • • • • 1 9

Discussion • • • • • • • • • • • • • • • • • • • • 1 9
Geologic Significance

.............

•••••••22

6. SUMMARY AND CONCLUSIONS............................. 2Ô
BIBLIOGRAPHY • • • • • • • • •

.........

iv

• • • • # • • • • •

30

LIST OF TABLES
Table

Page

1.

Mineral content of the Idaho bathollth and
Skookum Butte stock

2»

Mineral content of the sedimentary and
metamorphlc rocks • # • • • • • • • ................... 11

3*

Fission track age dates • • • • • • • • • • • • • • • • • • 2 0

4#

K-Âr dates

• • • • • • • • • • • • • • •

.......

••••20

LIST OF FIGURES
Figure

Page

1. Idaho Bathollth and Surrounding Rocks
2. Geology and Sample Locations

...........

. . . . . . . . , # . 1 2

3. Generalised Geologic Cross Sections and Ages
Track-loss curves for sphene-apatlte

vl

6

.......21

. . . . . . . . . . . 2 2

Chapter 1
INTRODUCTION
This study used fission track and potassium-argon age dating
techniques as an aid in deducing the tectonic and thermal history
of a complex plutonic-metamorphic terrain#

The area selected for

the study is adjacent to the Idaho hatholith and was chosen because
it is relatively complex geologically and the age or ages of intru
sion and metamorphism are questionable#

About 100 miles west of

the present study area near St# Joe, Idaho, Reid and Greenwood (I968)
have recognized four periods of metamorphism ; two Precambrian, one
Paleozoic, and one Mesozoic.

Other geologists consider that the

high grade metamorphism surrounding the batholith is Mesozoic, the
batholith itself having been derived by anatexis of these rocks#
There also exists a fairly consistent pattern of 40-50 million year
dates obtained by various workers on rocks of the easternmost por
tion of the Idaho batholith (Hayden and Wehrenberg, I96O1 McDowell
and Kulp, I9 6 9 ; Armstrong and Rychner, unpublished report)
(Fig# 1 ).

In this study an attempt was made to date and interpret

only the two final events which occurred in this area#
To accomplish this, a broad line of samples was collected
starting on the northeast comer of the batholith and extending
north into the metamorphic rocks.

fYom these samples, fourteen

fission track age determinations were made on apatite and three
on sphene#

Potassium-argon dates were obtained on biotite from

two localities.

In these methods of radiometric dating, the ages determined
are a measure only of the time since the particular mineral or
rock being dated cooled enough to retain its daughter product.
Further, this "clock” may be reset either partially or wholly by
subsequent thermal events which tend to remove the dau^ter pro
duct from the system.

These thermal events are especially amen

able to detection using fission track dates on apatite since this
mineral begins to lose fission tracks (i.e., daughter product) if
maintained at about 40^0 for one million years and can be com
pletely annealed (reset) by maintaining it at about l^O^C for ihe
same period of time (Naeser and Dodge, 1969) (Fig. 4).

Sphene, on

the other hand, must be maintained at temperatures of about 220^0
for one million years before a loss of fission tracks will become
apparent, and temperatures slightly in excess of 400^0 are required
to reset completely its radiometric clock.

Apatite therefore pro

vides an extremely sensitive indicator of thermal environment and
history, whereas sphene gives less sensitive, but equally revealing
information of this sort.

If, as above, apatite were maintained at

temperatures in excess of 150^0 through burial (e.g., about six km
assuming a geothermal gradient of 2^^C/km), it becomes theoretically
possible to date tectonic uplift of an area given sufficient verti
cal movement to bring apatite into a thermal domain compatible with
fission track retention.

Similar reasoning may be applied to fis

sion track dates on sphene and to potassium-argon dates in general,
the only difference being the temperature or depth of burial

required to make the mineral an open system with regard to its
daughter product.

Further, it is possible to show poly-metamor-

phic events if discordant fission track or fission track K-Ar
dates are obtained on different minerals from the same rock (e.g.,
one metamorj^ism dated by sphene, and a subsequent **weaker*' event
which selectively reset the apatite while not affecting the sphene)•
Note that in order, to detect poly-metamorphic events by this method
the latter metamorphism must have been less intense than the former.

Chapter 2
PREVIOUS GEOCHRONOLOGICAL AND STRUCTURAL STUDIES
Idaho Bathollth
Lead-alpha dates by Larsen et
(195®)» &nd Chapman ^

(195&)# Larsen and Schmidt

(l955) seem to indicate at least two

stages of intrusion of the Idaho batholith.

Nineteen such ages on

zircon# xenotime# thorite# and monazite ftom various batholithic
rocks give an average of 108 + 12 m.y. (Larsen ^

# 1958)* where

as seven dates on zircon and monazite from a quartz monzonite in
Lost Horse Canyon, Montana yield an average age of 57 m.y. (Larsen
and Schmidt, 1958)*

Chapman et

(1955) dating a gneissic quartz

monzonite ftom this same location report ages of 5I m.y. and 5^ m.y.
from monazite and s^Aene respectively.

Fifty miles north of this

location in Bass Canyon, Hayden and Wehrenberg (196O) report ages
of 4 0 .5 m.y. and 39*9 m.y. determined by the potassium-argon method
on biotite extracted from a pegmatite of presumed metamorphic origin •
McDowell and Kulp (l9&9) show three distinct ^ e groupings of the
batholith rocks (Fig. l) determined by the potassium-argon method;
these three groupings are (l) 44-38 m.y. (Upper Eocene); (2 ) 77-49
m.y. (Late Cretaceous-Middle Eocene); (3 ) 158-115 m.y. (Pre and
Middle Cretaceous).

McDowell and Kulp believe the primary igneous

activity to have occured at about 125 m.y# or Early Cretaceous.
Armstrong and Rychner (unpublished report) again using the
potassium-argon method show a trend of ages becoming progressively

younger from northwest to southeast (Fig. l).

This trend appears

to be general for most dates in this area» and may in fact be sig
nificant in the final interpretation of this body of data.
Metamorphic Rocks
Reid and Greenwood (1968) through structural considerations and
isotopic dates attempt to show four periods of metamorphism in the
St. Joe area of Idaho.

Ihey suggest the following*

(1 ) A metamorphism and deformation 1200 m.y. ago as determined
by common lead dates on zircon and the age (method unknown)
of a diabase dike which postdates the metamorphic rocks.
(2 ) A metamorphism and deformation 6?0 m.y. ago as determined
by K-Ar dates on hornblende from a diabase injected and
metamorphosed late in a structural event that postdates
the 1200 m.y. event mentioned above.
(3 ) A metamorphism and deformation 3OO m.y. ago as determined
by K-Ar dates on a "metasomatically introduced potassium
feldspar'* in a bleached fault zone.
(4)

A metamorphism and deformation 172 m.y. ago as determined
by K-Ar dates on hornblende from an amphibolite.

Common lead determinations on galena and pitchblende Arom the
Coeur D’Alene mining district of Idaho yield ages of 1035 m#?*
(Sckelmann and Kulp» 1957)» 1190 m.y. (recalculated from 1952 data
of Kerr and Kulp by Eckelmann and Kulp, 195?) and 1400 m.y. (Long,
Silverman» and Kulp» I960).

This galena and pitchblende mineraliza

tion postdates the deformation and metamorphism in the surrounding
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Belt rocks*

The possibility that this Is lead more recently remo-

blllzed from older rocks cannot* however* be overlooked*
Reid* Greenwood* and Morrison (19?0) report a zircon age of
1525 m*y* near Elk City* Idaho from an augen gneiss that "Intrudes**
metamorphlc rock correlated with the Precambrian Prichard Forma
tion*

This Intrusion contains rotated xenoliths of metasedlmen-

tary rocks and Is presumed to be synklnematlc with the first
deformation and metamorphism In the area*
Armstrong and Rychner (unpublished report) have dated Cambrian
slates using whole rock K-Ar methods and report dates of 393# 331*
and 3^3 m*y* (Plg* l)*

These rocks are completely recrystallized

(Armstrong* 1971* written communication) and thus presumably reflect
a true thermal event*
To further complicate the situation* there exist regionally
metamorphosed Trlasslc rocks on the western margin of the bathollth
(Hold* 1968) and. If the bathollth Is an anatectlc derivative of
the surrounding metamorphlc rocks then these rocks should be only a
few million years older than the bathollth.

Clearly the metamorphlc

history of this area Is complicated and not well understood*
Sedimentary Rocks
Obradovlch and Peterman* s work (1968) on the geochronology of
the Belt **Serles" of Montana provides a sound basis for establishing
the age of sediments in the area*

An age of about 1100 m*y#

(determined by Rb-Sr whole rock* mineral Isochron* and K-Ar tech
niques) Is used In this paper to establish the time of deposition
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of the Wallace Formation (the youngest formation in the study
area)#

A minimum age of 1330 m.y. is assumed to he the time of

deposition of the Precambrian Prichard and Ravalli Formations.
This date vas determined using K-Ar techniques on metamorphic
biotite from the oldest formation in the area, the Precambrian
Prichard#
According to Obradovich and Peterman, a 200 m.y. hiatus
exists somewhere between deposition of the Prichard and deposition
of the Wallace, but problems of correlation in the study area
make it impossible to fix the exact stratigraphie location of this
hiatus.

Structural and geochronologic data by Reid, Greenwood, and

Morrison (1970) suggest that the Wallace should perhaps be placed
in the lower Belt along with the Prichard and Ravalli Formations#
Structural Sequence
The northeastern border zone of the Idaho batholith has a
fairly complex structural history.

The interpretation of this

history is hampered by the fact that various deformations, obvious
in one area, may be absent or extremely subtle a few miles distant#
It is possible, however, to put together a generalized structural
sequence based on the work of Chase (19&8), Nold (1968), Wehrenberg
(1972), and White (1969)*

This sequence is (early to late):

(1 ) A high grade metamorphism and the development of schistosity that was sub-parallel to bedding#
folding predominated#

Similar style

(2)

The occurence of southwest-trending similar style and
flexural slip folding*

(3 ) The development of northwest-trending similar style
folding followed by intrusion of the Idaho batholith
and subsequent steep-axis folding*

Following this was

intrusion of granitic sheets to the east of the study
area*

These granitic sheets are possibly related to

the intrusion of the Skookum Butte stock*
(4)

The formation of a gneiss dome due to diapiric uplift
of the Bitterroot Range*

Plastic deformation predominated

on the eastern margin of the dome, while thrusting pre
dominated on the more brittle northern margin*
(5 } Deformation on the eastern margin of the dome changed
from a plastic to a brittle character*

Ensuing north-

south high angle, en echelon faulting delineated the
Aront range*

------

Chapter 3
PETROGRAPHY OF ROCKS USED FOR DATING
Thin-sectlon Descriptions
The various rocks used In this study are from the northeasternmost portion of the Idaho hatholith# extending northward through
the metamorphlc rocks# and crossing a small stock about midway
In the traverse (Fig# 2)*
Hiln section mineral contents of typical Igneous rocks of
the Idaho bathollth and Skookum Butte stock are shown In Table 1#
similarly Table 2 shows the mineral contents of metamorphlc and
sedimentary rocks#
The quartz dlorite orthogenesis has been grouped with the meta
morphlc rocks since# though originally Igneous# It Is considered to
have been regionally metamorphosed prior to Intrusion of the Idaho
bathollth and Skookum Butte stock (Nold# 1968).

The Precambrian

Ravalli rocks are thought to be the less metamorphosed equivalent
of the quartzlte# and a similar relationship Is thought to exist
between the Precambrian Prichard (not present In the study area)
and what Is mapped as pelltic schist#

Of the metamorphlc rocks#

the pelltic schist and quartzlte units are found only In the
amphibolite facies# whereas the Precambrian Ravalli Formation Is
found In both the upper greenschlst and lower amphibolite facies#
Samples from the Idaho bathollth contact zone (K3)# the amphibo
lite (K1Î2)# and the quartz dlorite orthogneiss (XK3) are in the
sllllmanlte zone of the amphibolite facies.
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Sample #

B650'*’

Quartz
Plagioclase
K-spar
Biotite
Muscovite
Chlorite
Hornblende
Zircon
Apatite
Sphene
Rutile
Opaques

SBs

30
50(An36)
10
10
Tr
Tr

22
33(An32)
33
10
Tr
Tr

-

-

Tr
Tr
-

-

12
68(An30)
10
5
Tr
5
Tr
Tr
Tr

1

Tr
Tr
Tr
Tr

Tr

1

1

5

-

No* Sections

K4, K7, K8

K42'^

.

*Nold (1968)
♦Chase (1968)
Table 1.

Mineral content of the Idaho bathollth and Skookum Butte
stock*
«
Pr

q

ps

70
12
6
4
7

70
14
8
4
4

-

-

Tr

44
30
6
11
7
Tr

*

Quartz
Plagioclase
K-spar
Biotite
Muscovite
Hornblende
Chlorite
Dlopslde
Sllllmanlte
Apatite
Sphene
Opaques

Tr
Tr
-

Tr
Tr
Tr
Tr
-

No* Sections

20

27

-

-

Tr
Tr
25

#

♦
qdo

4.
K3

11
73
1
6

22
36

—

—

9
Tr
Tr

Tr
42

K112
14
11
-

mm

Tr
Tr
Tr

Tr

8

1

7
1
64
Tr
1
3
1

♦Nold (1968)
+Chase (1968)
Table 2*

Mineral content of the sedimentary and metamorphlc rocks*
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General
Idaho Batholith
Rocks of the Idaho batholith are generally medium to coarse
grained quartz monzonites and granodiorites with minor amounts of
quartz diorite.
is present.

Commonly a weak to very well developed foliation

This is manifested in the interior of the pluton by a

parallel arrangement of biotite and by migmatites and feldspar augen
near the batholith margins.

Large inclusions of metasedimentary

rocks are present in many places.

Potassium feldspar occurs both

as megacrysts and as crystals about the same size as those in the
rest of the rock.

Quartz shows moderate to strong undulose

extinction.
Contacts of the batholith with the country rocks are, on the
scale of an outcrop, sharp and concordant, but on a larger scale
consist of an alternating series of igneous sills and sheets of
metamorphic rock, which in places extend for several miles along
strike.

Contact breccias occur locally.

Skookum Butte Stock
Hie Skookum Butte stock is mainly medium to coarse-grained
granodiorite, diorite, and quartz diorite.

A fair to poor foliàtion

is delineated by both biotite and hornblende.

Inclusions of

metasedimentary rocks and diorite are present, the boundaries of the
latter being somewhat indistinct in contrast to those of the metasediments.

No definite evidence exists that this stock is a multiple
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injection, but the possibility is suggested by a distinct mineralogical variation from east to west (Nold, 1968),

The contact of

the stock with the country rock is sharp, both concordant and dis
cordant relationships being present.
On the northern border of the Skookum Butte stock, the contact
with biotite zone rocks in the Wallace Formation shows a contact
metamorphic effect that extends, in some places, for two miles
beyond the contact.

This contact effect is not as apparent where

the stock intrudes higher grade metamorphic rocks (amphibolite
facies), probably because the higher grade minerals were more
stable under the conditions of contact metamorphism.

However, in

sample K6 biotite altering to hornblende was observed in thin
section, due presumably to contact metamorphism of the quartzite
unit.
Pelitic Schist
The pelitic schist unit is composed of about equal amounts of
pelitic schist and mica quartzofeldspathic gneiss with minor amounts
of calc-silicate gneiss and micaceous quartzite layers.

These

rocks fall in the plagioclase and sllllmanlte zones of the amphibo
lite facies.

The plagioclase zone as used by Nold (1968) includes

those rocks having no sIllimanite but containing plagioclase with
an An content greater than 15*

The rocks are medium to coarse

grained and weather to a characteristic reddish brown color.

They

correspond to the "red weathering gneiss" of Groff (l954) and the
"sillimanite gneiss" of Chase (1968).

15
Quartzlte*Quartzltlc Gneiss
This unit is composed mainly of micaceous quartzite and mica
quartzofeldspathic gneiss*

Locally calc-silicate gneiss and mica

ceous quartzofeldspathic schist may be found*

The rocks are fine

to medium-grained and are generally well bedded*

They have a well

developed schistosity and, like the pelitic schist unit, exist In
both the plagioclase and sllllmanlte zones of the amphibolite
facies*

This unit corresponds to the **grey-weathering gneiss”

of Chase (I9 68).
Quartz Diorite Orthogneiss
This unit outcrops between the Idaho batholith and the Skookum
Butte stock and occurs only in the sllllmanlte zone of the amphi
bolite facies*

It consists of medium-grained quartz diorite having a

moderate to strong schistosity and contains inclusions of pelitic
schist, quartzite, and calc-silicate gneiss*
shows normal zoning*

Most of the plagioclase

The highly deformed nature and strong

schistosity of this rock are used as criteria for concluding that
it has undergone regional metamorphism*

The uniform quartz diorite

composition, lack of banding, and presence of inclusions support
the contention that this rock was originally igneous*
Amphibolite
Sample K112 is from an amphibolite layer in the quartzite unit
(grey-weathering gneiss of Chase)*

These layers are described by

Chase as being medium-grained, lenticular, two to three feet wide
and ten to fifty feet long*

The rock has a weak lineation as
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shown by the hornblende.

Ihe amphibollte-gnelss contacts are

sharp, the lineation of the amphibolite paralleling both the long
dimension of the amphibolite and the foliation of the gneiss.
Idaho Bathollth Contact Zone
Sample K3 is from the Idaho batholith contact zone.

It is a

medium-grained, calc-silicate inclusion described as being sharply
bounded and lying within an area resembling a “contact breccia**
(Chase, 1968).
Precambrian Ravalli
These rocks are predominantly quartzite, which weathers to a
gray color and commonly shows sedimentary structures.
thickness ranges fjrom a few inches to a few feet.

Bedding

Hocks of this

formation fall into the biotite zone of the greenschlst facies and
the plagioclase zone of the amphibolite facies.

They are fine

grained, predominantly quartz and include the accessory minerals
zircon, apatite, and tourmaline.

Chapter 4
METHODS AND TECHNIQUES
Separation
The sample was crushed and sieved, the fraction between 65
and ÎI5 mesh being retained for further separation*

Ihe mafic

mineras In this size fraction were separated using heavy liquid
(1 , 1, 2, 2-tetrabromoethane)*

This heavy separate was run first

on a shaker table to remove mica and finally on a magnetite
separator to extract apatite and sphene*
Sample Preparation and Dating
After obtaining pure separates, the apatite and sphene samples
were divided Into halves, one half being annealed at 600^C for 24
hours, packaged and sent to the reactor for irradiation*

The neutron

dose was determined at the reactor by including two Co^^ wires In
the reactor package along with the samples*

After Irradiation

the absolute disintegration rate of Co^Q (formed during Irradiation)
was measured and converted to a reading In nvt (neutrons/cm^)*
Accuracy of the dose determination was estimated at + ^*^
Of the remaining half sample ^0-100 grains were mounted on a
glass slide with epoxy resin, ground to expose an Interior surface
of the grain and polished in stages using 0*3 micron alumina for
the final polish*

Following this the slides were etched to enlarge

^Dr* Elton Turk, verbal communication*
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the fission tracks; apatite for 100 seconds in 10^ HNO^ at 20^0;
sphene for four minutes in 6HgO%3HC1 :2HN0^ :1HP at 20^0 (Naeser
and McKee, 1969 , modified from Bellas and Poupeau, unpublished
data).
After etching, the samples were thoroughly washed, and fossil
fission tracks were counted using I25OX magnification (oil immer
sion) and a grid eyepiece to allow determination of the number of
tracks per unit area.

% e irradiated half of the samples from the

reactor were also mounted, ground, polished, etched, and counted
as above.

A complete discussion of fission track dating techni

ques may be found in Naeser and Dodge (19^9)» Naeser (1967)*
Fleischer, Price, and Walker (19&5)# and Fleischer and Price (l98^b).
Ages are determined from the following equation (Fleischer
and Price, 1964b),

1 +
Pg

■ spntaneous tracks
=

induced tracks

^

* total decay constant of uranium (1.54 X 10

"X*

« fission decay constant for
(Fleischer and Price, 1964a)

CT

-

(6 .8 5 X lO"^^ yr"^)

cross section for thermal neutron induced fission of U
(582 X 10"^^ cmf)

I

-

yr ^)

Isotoplc ratio of

to 0^38 (^^26 X 10“^)

A

• age of sample in years

0

- neutron dose (neutrons/cm^)

235

Chapter 3
RESULTS
Values Obtained
Shown in Tables 3 and ^ are the results of 14 fission track dates
on apatite» three fission track dates on sphene» and two K-Ar dates
on biotite.

The sphene and K-Ar dates are from rocks which have

also been dated using apatite and thus provide sphene-apatite and
K-Ar-apatite dating pairs» respectively.

Fig. 2 shows these dates

in relation to the areal geology and Fig. 3 shows two cross sections
through the area with the ages plotted above.
Discussion
It will be noted that the apatite-sphene pairs are discordant»
the sphene dates averaging 82 m.y.» the apatite# 39 m.y.

The reason

for this discordance is the different annealing temperatures of sphene
and apatite (Fig. 4).
Note that apatite can be completely annealed by maintaining it
at l60^C for one m.y.» whereas to accomplish the same thing in sphene
the temperature must be kept at 400^0.
The biotite (K-Ar)-apatite (fission track) pairs show complete
concordance in one case (KlO) and discordance in sample Kl.

Possible

reasons for this discordance are less obvious but somewhat analogous
to the sphene-apatite pairs.

Evidently the argon loss from the bio

tite was less» relatively» than the fission track annealing of the
apatite or alternatively the biotite» upon cooling» was able to retain
argon at a higher temperature than the apatite was able to retain
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Pg X I O ^

Sample
KIA
E2A
K3A
XK3A
XK3S

f

Counts
418
286
297
134
247
223
566
571
267
410
274
400
336
676
292
256

4.78
2.08
5 .9 4
7 .4 5
1 1 .7 0
3 .5 7
22.10
4 7 .5 8
4 .2 7
3 4 .1 0
3 .6 5
8.00
3.84
6 .3 8
5 .5 6
4.10

kua

KéA
K6S
K7A
K7S
K8A
MOA
K21A
K42A
BC5QA
K112A

P. X 10^
1 5 .0 0
9 .6 0
1 5 .4 0
37.10
1 5 .3 0
10.84
6 2 .6 3
6 5 .6 0
8 .5 3
46.80
9 .6 6
18.60
12.77
1 6 .7 2
1 6 .1 6
10.46

Counts
375
264
385
382
281
271
476
446
320
374
290
465
382
418
403
340

+
0 X 10^^ Age (m.y#)
1.833
1 .8 3 3
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833
1.833

36 + 3
24 + 2
43 + 4
24 + 3
85 + 9
37 + 4
39 + 3
81+7
56 ± 5
81+7
42 + 4
48 + 4
34+3
43+3
39 + 4
44 + 4

* Traefcs/cm ,
+ Neutxons/cm
Table 3 . Fission track age dates.
Sample

$K

Kl
KlO

STP ce! Ar*^°X 10*

6.99
7.18

Table 4.

1 2 .3
1 2 .7

K-Ar dates#

fission tracks#

2

^ I r correction Age (m.y,)
26
24

4 3 .6 + .9
4 3 .2 + .9

(Analysis by R# L# Armstrong)

The possible geologic significance of these dis

cordant pairs and condordant pair is discussed in the next section#
Within the group of apatite ages there also exists some discor
dance#

Samples K2 and K3 have ages of 24 m.y#, and samples KlO and

K7 have ages of 48 m#y# and 46 m#y#, respectively (note that one of
the anomalous apatite dates (KIO) is part of the concordant K-Ar

In this paper a temperature of 300 C is considered sufficient
to prevent the retention of argon in the biotite crystal lattice
(Evemden ^
, I960)# This value probably represents a maximum
temperature of that phenomenon#
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pair).

Tjrack-loss curves for sphene-apatite (after Naeser and
Dodge, 1969)*
Taken as a group the apatite dates average 39 ro*y* and

omitting the above mentioned four dates leaves this average un
changed*

Also, as previously stated the apatite dates which form

half of the sphene-apatite pairs average 39 m.y.

In this paper no

attempt will be made to explain this discordance in the apatite
dates except to say that they possibly reflect localised thermal
conditions.
Geologic Significance
Ihere are three main ways by which the observed ages can be
explained, all of which have certain features and assumptions in
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common#
(1)

Briefly stated these hypotheses axes
Intrusion of the Skookum Butte stock at fairly shallow
depths# the sphene dates (82 m.y#) reflecting the time of
cooling of this intrusion#

A subsequent thermal event at

about 39 m.y. caused fission track annealing of the apa
tite and argon loss in the biotite.

Ihere are, in fact,

rhyolitic plugs of presumed Tertiary age 5*10 miles east
of the study area (Wehrenberg, 1972), and the Lolo batholith, about ten miles west of the area also appears to be
of Tertiary age (Nold, 1968).

The Lolo batholith also

contains abundant miarolitic cavities indicative of intru
sion at fairly shallow (one or two km) depths.
(2 )

Intrusion of the Skookum Butte stock at greater depths
(>5 0 ,0 0 0 ft), the 82 m.y. sphene ages reflecting uplift
of the area which brought the sphene into a thermal do
main compatible with fission track retention.

Following

this uplift a thermal event as before would be required
to produce the apatite and K-Ar dates.

Scholten (1968)

states **...by early Upper Cretaceous time at least the
northern part of the Idaho batholith region had been up
lifted so rapidly and highly that many thousands of meters
of its roof had been removed by erosion and Belt strata
were widely exposed."
(3 )

Intrusion of the Skookum Butte stock at moderate depths,
the 82 m.y. sphene ages reflecting a minimum age of cooling
of the stock.

In this case the apatite and biotite ages

2^
are assumed to record later uplift of the area* and no
major subsequent thermal event need be called upon to
produce the 3&-^9 m*y* dates.
In considering these three hypotheses the following data must
be taken Into accounti
(1)

Early Tertiary ages of the bathollthlc rocks are quite
widespread (Fig. l) and thus are likely not a local
••contact effect" of shallow plutonism.

(2 ) Temperatures of about 300^0 are required to "reset" K-Ar
dates In biotite.
(3 ) By Early Tertiary time the area was not covered very
deeply since the apparently Early Tertiary Lolo batholith
contains miarolitic cavities.
The hypothesis that Is best able to account for this data seems
to be number three since It does not require an extensive area to
have undergone a ••thermal event** where temperatures of ^OO^Q would
be fairly common.

While reheating may have played a significant

role locally* causing perhaps the discordance In the apatite dates
and in the apatite (fission track)-blotlte (K-Ar) pair* uplift of
the area Is thought to be the major factor In producing the observed
apatite and K-Ar ages.

The question Immediately arises as to how

much uplift would be required to produce these ages* and what evi
dence there Is to support the occurence of such an uplift.
Consider first the sphene-apatite pairs.

In order to account

for the observed discordance and have the 82 m.y. sphene dates re
flect the time of cooling of the Skookum Butte stock* the apatite
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would have to have been maintained at temperatures of between
140^0 and 200°C for about 40 m.y., then rapidly uplifted.

These

temperatures correspond to depths (assuming a geothermal gradient
of 25^C/km)^ of six to eight km or about 20,000 to 26,000 ft.
The apatite dates, however, cannot be used to set this minimum
limit.

Instead the K-Ar dates, because of their higher tempera

ture of daughter product retention must be used to establish the
probable amount of uplift.

If biotite must cool to about 300^0

(Evemden et al., 1960) before It begins to retain argon then the
minimum depth of burial (assuming again 25^C/km) must be twelve km
or about 39*000 ft.

In that case the sphene ages reflect only a

minimum, not true, time of cooling of the Skookum Butte stock since
at these temperatures the sphene would be retaining only about
50-60^ of its fission tracks (Fig. 4).

It may be recalled that

McDowell and Kulp (I969) believe the primary Igneous activity In
this area to have occured at about 125 m.y.
It is possible to arrive at similar figures for burial by
different approaches.

Hornblende horafels facies contact metamor-

phlsm can be observed at the contact of the Skookum Butte stock
with the country rock.

Tills contact metamorphism Is most obvious

where the stock intrudes rocks of biotite zone regional metamorphlsm but Is also discernible in thin section where the stock

geothermal gradient of 25^c/km Is based on the "average” of
20^C/km used by Hyndman (1972, In press) for the geothermal gradient
in a "normal" geosyncllne. This figure was modified upward because
of the proximity of the study area to the Idaho batholith.
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Intrudes higher grade regionally metamorphosed rocks (e.g., sample
K6).

Ihese contact effects should not he obvious at pressures

greater than about three kb which corresponds to a depth of about
37*000 ft.

It is of course possible by this reasoning that the

depth of intrusion was considerably less than that (Turner and
Verhoogen, I960).
Another method is to try to reconstruct the stratigraphie
column.

Assuming about 10,000 ft. of Wallace, 15,000 ft. of Missoula

Group, and 10,000 ft. of Paleozoic and Mesozoic section (interpolated
ftom Mudge, 1970) one arrives at a figure of 35,000 ft. which pro
bably represents a minimum depth of burial.

Indeed if the correla

tion of Precambrian Prichard Formation with the politic schist is
valid, one can add about 6000 ft. of Ravalli in many parts of the
study area.
While uplift of this magnitude may at first seem unreasonable,
Mudge (1970) claims that at least 45,000 ft. of rock were eroded from
the area of maximum uplift in northwestern Montana in Early Ter
tiary time.
Significant information concerning the time if not magnitude
of uplift may be inferred from the Tertiary stratigraphy and paleon
tology of southwest Montana.

Several locations of Late Eocene

fauna have been found in the intermontane valleys in this area
(Petkewich, 1971).

In fact the assumption can be made that these

valleys share a similar geologic history and mode of formation
(Kuenzie and Fields, 1971), and further that this mode of formation
is related to tectonism which encompasses the present study area.
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then a minimum age of this tectonism corresponding to the age of
the basal Tertiary valley fill may be assigned (i.e.. Late Eocene
or 47-37 m.y.).

This correlates well with the K-Ar and fission

track data obtained.

The Bitterroot Valley, westexmmost of the

Intermontane valleys. Is about 20 miles east of the study area.

Chapter 6
SUMMARY AND CONCLUSIONS
The Skookum Butte stock was Intruded a minimum of 82 m.y. ago,
most likely somewhat more than 100 m.y. ago at a depth of about
35»000 to 40,000 ft.

Biotite and apatite were, at this time, de

pressed too far into the geothermal gradient to retain their argon
and fission tracks, respectively.

Sphene at this time was retaining

about 50 to 60^ of its fission tracks.
In the Early Tertiary, the area underwent rapid, vertical up
lift bringing the biotite and apatite into a thermal domain where
they could retain the daughter product.

Die discordant apatite

(fission track)-biotite (K-Ar) dates (Kl) could be indicative of
a relatively slow uplift in this region or, less likely, could re
flect a subseq^uent regional reheating of this area which selectively
affected only the apatite dates.

Temperatures of only 60® to ?0®G

would be sufficient if maintained for about one m.y.

Die concor

dant apatite pair may reflect more rapid uplift along the fault
shown in Figs. 2 and 3* but without a great deal more work such an
uplift would be difficult to establish.

During this proposed uplift,

sphene would begin to retain 100^ of its fission tracks.
Subsequent to uplift, or during the latter stages of uplift,
some igneous activity occurred along the eastern part of the Idaho
batholith, i.e., the Lolo batholith intrusion to the west of the
study area and the Challis Volcanics to the south.

This activity

is thought to have had only a minor and local effect on the ages.
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The 82 m.y# fission track dates on sphene are the first preTertiary dates reported that might reflect a minimum age of igneous
activity in this area.

For this reason it is suggested that fission

track dating techniques may provide, in part, a method, for future
workers to use in establishing a pre-lift geochronology on the
eastern margin of the Idaho batholith,
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