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Abstract:

The dacitic rocks of the northern Gallatin and western Beartooth Ranges are shallow intrusives of early
to middle Eocene age. They have intruded folded Paleozoic and Mesozoic sedimentary sequences and
members of the Absaroka-Gallatin volcanics with which they are contemporary.

The locations of the bodies evidently have been governed primarily by two major northwest-striking
fault trends which seem to continue through the entire length of the Absaroka-Gallatin volcanic
province. Northeast-trending high angle faults which are postulated to lie on both sides of the
Yellowstone Valley probably provided some control over the locations of the intrusives in these areas,
but this control was secondary to that of the northwest zones. Although faulting evidently preceded
igneous activity in most of the province, the block faulting which produced the Gallatin Horst in the
southern Gallatin Range probably followed intrusion of dacitic rocks into the sedimentary sequences in
that area.

Several episodes of intrusive activity have been recognized in the northern Gallatins and western
Beartooths. During the first of two long magnetically normal periods which prevailed during deposition
of the volcanics in this area, several intrusive bodies were emplaced. The oldest recognized intrusive
cuts Golmeyer Creek volcanic rocks and is overlain by Hyalite Peak volcanics at upper Dry Creek.

The Point of Rocks and north and south Moose' Creek dacites were evidently emplaced during middle
or late Hyalite Peak time. These were followed by the Big Creek, Cinnabar-Mol Heron, and Little Trail
Creek bodies which intruded during the magnetically reversed interval at the upper Washburn-lower
Sunlight group interface. Still later, the normally magnetized Tom Miner and Mill Creek rocks invaded
lower Sunlight group volcanics. It is not known whether the normally magnetized Emigrant Peak
dacites pre or post-date the reversed magnetic interval.

The Intrusives of the northern Gallatin and western Beartooth Ranges are petrologically very similar;
most of the differences between them are textural differences which seem to reflect slightly different
rates' of magma ascent rather than radically different initial source material. Comparison of observed
compositional and textural features of these rocks with published experimental studies of
crystallization trends in similar rocks suggests that these magmas originated in the lower crust or upper
mantle.
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ABSTRACT

The ‘dacitic rocks of the northern Gallatln and western
Beartooth. Ranges are shallow intrusives of early to middle
Bocene age, They have intruded folded Paleozoic and '
Mesozoic sedimentary sequences and members of the Absaroka-
Gallatin volcanics with which they are contemporary,.

The locations of the bodies evidently have been.
governed primarily by two major northwest-striking fault

trends which seem to continue through the entire length of
the Absaroka-Gallatin volcanic province, Northeast-trending -

high angle faults which are postulated to lie on both sides
of the Yellowstone Valley probably provided some control
over the locations of the intrusives in these areas, but
this control was secondary to that of the northwest zones,
Although faultlng evidently preceded igneous activity in
most of the prov1nce the block faulting which produced the
Gallatin Horst in the southern Gallatin Range. probably
followed intrusion of dacitic -rocks. 1nto the sedimentary
sequences in that area,

Jeveral -episodes of intrusive act1v1ty have been

3;ecogn1zed in the northern Gallatins and western Beartooth
Puring the first of two long magnetically normal perlbds
which prevailed during deposition of the volcanies in' this
area, several intrusive bodies were emplaced, The oldes?t
recognlzed intrusive cuts Golmeyer Creek volcanic rocks and
is overlain by Hyalite Peak volcanics at upper Dry Creek,
The Point of Rocks and north and south Moose Creek dacites’
were evidently emplaced during middle or late Hyalite Peak
time, These were followed by the Big Creek, Cinnabar-Mol
Heron, and Little Traill Creek bodies which intruded during

. the magnetically reversed interval at the upper Washburn-
‘lower Sunlight group interface. Still later,. the normally
magnetized Tom Miner and Mill Creek rocks invaded lower
Sunlight group wolcanics, It is not known whether the
normally magnetized Emigrant Peak dacites pre or post ~-date
the reversed magnetic interval.

The. intrusives of the northern Gallatin and western
-Beartooth Ranges are petrologically very similar; most of
the differences between them are textural differences which
seem to reflect slightly different rates of magma ascent
rather than radically different initial source material,
Comparison of observed compositional and. textural features
of these rocks with publlshed experimental studies of :

- crystallization trends in similar rocks suggests that these
‘magmas orlglnated in the lower crust or upper mantle°




INTRODUCTION
' The 150 mile long Absaroka-Gallatin volcanic'prouince
covers approx1mate1y 9,000 square mlles between Bozeman,

. Montana and the Owl Creek Range in Wyomlng. The prov1nce

1ncludes most of the Gallatln Range, the southwestern half
9£~EEE;§EiEESSE§~EPEE?t’ the Absaroka Range, and the
northern portions of the Washakie and Owl Creek Ranges
(fig, 1)}'The main stud& areas cover approximately 150'_
square mlles in the northern Gallatln and western Beartooth
Ranges in the northeastern portlon of the prov1nce. h
Prev1ous mapplng 1arge1y by faculty members and - students.
, at Montana State Uhlver31ty in portions of the study area |
north of Yellowstone National Park and by the U.S.,
Geological Survey inside the Park have outllned numerous
small intrusive‘igneous bodies which appear to be
’.associated'with the volcanics. Generally.these rocks have
recelved less attentlon than the extru31ve rocks of the
: prov1nce. This investigation was deslgned to take a closer
look at the intrusive bodies in the northwestern portlon of
‘the prov1nce in order to compare them petrogenetlcally°
‘While gome bod;es in northern Yellowstone National Park -
'were'visited'during'the‘investigation, the_major emphasis

-was directed towards the area north of the'ParkL'This was




b |

8i6 #ELT
UALIFT,

& CRAZY mMTs. /
o /
ust BASIN /

“UPLIFT

N WIND RIVER
T ! BASIN
v
2
50 wmiles %Ig
L - ) Q ;
218 ‘

Figure 1, The Absaroka-Gallatin volcanic province and
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3
done becauss most bodies inside the Park boundahies have
been previously described (Iddings, 1891{ Hague and others,'
1899; Witkind,.ﬂ969; and Ruppel, 1?72). During the course
of ﬁhis investigation it was learned that-L;L..Love (1972f
recently mhde‘a similar studﬁiof three intrusives inhthe_ .
southern and north oentral pohﬁions of the'provlnce}‘ |

The present study was conducted during the 1973 field .
season and through the followmng academlc year. The work .
involved observ1ng the field characterlstlcs of the bodies
.- and sampllng for subseguent petrographlc and paleomagnetlc
work It Was hoped that new chemlcal analyses of the
specimens could be obtalned for this report, but numerousl
oompllcatlons with the analytlcal proceedures has delayed
those results,

Uhtll Tairly recently the Cen0201c volcanlcs of the
Gallatln and western Beartooth Ranges had been the ' subgect
of very few geologlc studles, and even now: most of thls
area is not as well studled as much of the rest of the’
Absaroka-Gallatln voleanic prov1nce° Yellowstone Natlonal
Park has, been more thoroughly studied than the rest of the o
area as the result of work by Iddlngs (1891), Hague and .
-‘others (1899)' Bhown (1961), the'U.S.G,S. (1972), Ruppel
'(1972), Smedesfahd'Prosfka (1972), and L,h,nLoue'(1972),
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The general geology'north of the Park wss sumnari?ed‘by
'Iddings andiWeed (189@). The . Gardiner area was déscribed 'in
more détail by C.W. Wilson (193L.) and by Fraser and others
.(1969), Emlgrant Peak was studled by Basler (1965), J.T.
W1lson (1936) mapped the Mlll Creek_area, and MeMannis
(unpubllsheq preliminary data,‘j969) mapped'the Bmigrant
quadrangle. Todd (1969, 1972)texamined the southern psrt of
Tom'Miner'Bgsin, Chadwick mapped the Fridley Peak - |
Quadrangle (1969) and describeo the Point of Rocks vent
complex (1965), and the Garnet Mountain Quadrangle was
studied bj MeMahnis and Chadwick (196l.). The geomorphology
of the afeé.has been the subjeot of several investigations
by faculty and students at Mbntana State’ Unlver31ty and by

others 1nclud1ng Hbrberg (1940)




GEOLOGIC SETTING

IThe volcanlec field is characterized by'Edcene cale~
alkaline‘recké which are the preducts of nﬁmerous eruptive
centers that are appafently eligned along two sﬁbpafallel
belts (Chaqwick, 1968, 1970)., The voleanic rocks rest
unconfermably.on Precambfian, Baleezoic, and.Mesozoie rocks,
ThelPreeembrian rocks are'highiy deformed and eﬁidentiy"
have been affected by three'er.possibly'four'mejor
-Precambriaﬁ'orogenic events (McMannis and ofhers, 1971).

The Paleozoic and Mesozoic sediments uncoﬁrofmebly overlie
the Precembrian rocks, and evidently were not foided
31gn1flcantly until the Laramlde orogeny. The Absaroka-
Gallatln volcanlcs are only sllghtly tilted,

The rocks are mostly andes1t1c to dacitic 1n comp051tlon,
but some belong to the absaroklte shoshonlte -banaklte
'_serles (Hague and others, 1899), Since the. excellent early
work of Hague and others (1899), ‘the: Absaroka volcanlcs
have tradltlonally been d;v1ded, stratlgraphlcally upward,
as: earlﬁ acid breceia, eerly basic breccia, éarly basalt |
'flows, 1é£e acid Breccia, late basic breceie; an& 1a£e
_baseit,flews. Until recent detailed work by many members of
the-U.S.eGeological Sﬁrvey, speeific.ferﬁetien.namee ﬁere‘.'

in use only in a few well-explored areas, However, Smedes
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and Prostke.(1972) recently published the results of the
new U,S,¢,S, work in Yellowstone Natlonal Park, and it now
seems desirable to replace tlie terminology of Hague and
.others With that of Smedes and Prostka (fig. 2) They have
‘lelded the: Absaroka-Gallatin voleanics into three main .
groups the washburn, Sunlight and Thoroughfare Creek
groups. The Washburn group 1s early to middle(fhgeng_in;ege
and is found throughout the northern two +h1rg§~g£\the\

—
Ggllgtin;hange and in the extreme western portion of the

Beartooth Range. The Suilight group is middle Hocene in age
and occurs‘in the central portion of the province., The
Thoroughfere Creek gronp has tentatively been assigned
middle to iate Eocene age; it covers the southern portion
‘of the fie1d (P1ate I, and fig, 3,8 in Smedes ana Prostke)
1972), . Thése ages were assigned on the basis'of both
.paleontologic and radiometric data ‘from the extruSive rocks.
and ernptlve centers, L,L, Love {1972, 197L) has obtained I-
an_early'piigocene rediometricfdate_for the'Washakie -

‘Needles intrusive in the southern portion of the province..
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CENOZOIC STRUCTURAL ELEMENTS

Most maJor Cenozoic structural elements in the area are
faults which are oriented prlnclpally northwest north-
south and northeast (Plate I). The northwest:trendlng
| faults include the Cherry Creek, Squaw Creelk, Spanish.Peaks,
and Gardiner faults. The Cooke City linesment described by
Foose and others (1961) also-appears to he_related-to a
northwestetrending fault, 'All'of.these appear to be high
" angle reverse or thrust faults w1th the northeastern sides
as the upthrown blocks (MoMannls and Chadwick, 1964, Hall,
1961' C.W, wllson 193&; Fraser and others, 1969;'Foose and
others, 1961). The ma jor north-south faults (Plate I) are
'the Mol Heron, Reese Creek (or East Gallatin), and Mammoth
faults (Ruppel, 1972). These are all normal faults; the

Mbl Heron and Reese Creek faults define the Gallatln Horst,

_and the Reese Creek and Marmoth faults bound the Sepulcher -

Graben. The northeast trendlng Gallatln Range Front fault
‘(MbMannls.and Chadwick, 196h and-the Deep Cresk (Emlgrant)
| fault kHorberg, 19.0) are normal faults with the south-
eastern sides upthrown ‘The northeast trendlng Mbose Creek
'fault 1s a steeply dipping thrust or. reverse fault w1th the
' northwestern 51de upthrown (Mbmannls and Chadw1ck 1964

n addltlon to these three major fault trends, the Mill
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Creek fault (J,T. Wilson, 1936).at the nortneastern edge of .
‘the study area strikes eastwafd- The Mill Creek fault '
plane dips steeply northward in some places and southward
in other,‘but the ‘northern side 'is always the upthrown sideée
(J.T, Wllson, 1936). Most of. the movement on all of these
. ma jor faults'seems to have been taramide or elightly later, !

The nofthwest-trending faults evidentiy‘mbved first.
Displaeement'along the Squaw.Creek fau;tﬂtook place‘some-
time between the late Cretaceone‘and the early Eocene
| (McMannis and Chadwick, 196l.), Majer movement on the
Spanish ?eaks fault is post iate Cretaceous and mayain part
be as younglas very early Hocene (McMannis and Chadwick,

196l4). Hall (1961) estimated 10,000 feet of displacement
along this fault, and McMannis and Chadwick (196&) think
Hall's'data may sugéest as much as 13, 506 feet of
predomlnantly dip-slip movement The Gardlner fault also
‘shows at 1east 10 000 feet of throw, most of Wthh
nrobably happened after late Cretaceous and before early or
middle Ebcene tlme (Fraser and others, 1969)

‘ Dlsplacement is probably 2500 to 300 feet on the Mammoth
fault and 4000 to 6000 feet on the Reese Oreek and Mbl
 Heron faults (Fnaser'and-others, 1969; Rnppel,:1972)} ‘
Fraser'ana‘dthere_believe that most of_the-faulting took
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place hefore:early Eocene time heoause~only 250 to 500 feet
of displaoement can be'measured in'even theﬂeerliest
volcanlc rocks (early Eocene) near these faults. Fraser and
others thlnk that the earliest movement along these faults
was post Cretaceous. Ruppel (1972) disagrees with this; he
believes that most movement wes post-Eooene hecause of '
'seemlngly s1gn1flcant displacement of the Eocene’ volcanlcst
on either side of the Gallatln Horst, However, Fraser and
others noted that part of ‘the Gardiner fault evidentlj was
reactivated.during Quaternary time and produced diSplace-:

i ments of up to a few hundred feet in the northwest ThlS
happens to be the area in which the Gardlner fault is.

1ntersected by the Reese Creek and Mol Heron faults. Prlor

to initial dctivation of these faults, a gentle anticlinal |

fold evidently developed in the area of the present

Gallatin Horst (Ruppel, 1972).

The Gallatin Range Front fault and.the Deep Creek Fault

(Pldte I);may be-reiated;,they seem to outline a block_in
the'northern Galietin Range which has been tilted towards
the . southeast The Gallatin Front fault offsets ‘the Cherry
'Creek Squaw Creek fault and then ~seems to dle out to the
outhwest The Deep Greek fault may 51milarly offset .a

possible oonnection between the'Squaw Creek .fault. and the -
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Cooke Clty llneament and also a possible connection between
the Spanlsh Peaks fault and the Gardiner fault, waever,
these-offsets ass001ated with the Deep Creek fault are
somewhat'cohjectufal because kej’afeas are under thick
decurmulations of volcanic rochs or post-tolcanic sedizﬁents°
lt is also possible that the Deep Creek faﬁlt dies out |
before it'reaches the Spanish Peaks fault (Horberg, 1940;
'Foose and others, 1961} Todd, 1969), Dlsplacement of
' Q@aternary_alluvium material indicates that the Deep Creek
faﬁlt has:been active recently, but this-latest activit& is-
not nearly enough to account for the total dlsplacement
whlch has been varlously estimated - at 8000 to 10, OOO feet
(Horberg, 1940) to as much as 18,000 to 20,000 feet (Bonini
and others, 1972). Chadwick (1969) believes that at least
some of the tiltihg of the northern Gallatihiblock was a
result of'movement.along these tw0'hortheast-trending
faults happened during Eocene'(washburn) tihe because
lower volcanic flows and laharic units in the Frldley Peak
Quadrangle dlp approxlmately ten degrees towards the
Yellowstone valley while the upper units are,nearly.
, horizontal Thls seems to’ be in ‘agreement w1th Foose and
others (1961) who think that the maJOr uplift of. the
Beartooth block took place durlng mlddle to- late Fbrt Unlon |




(Paleocene) time, with its culmination in the eérl& Hocene, -
No dipect.evidence'exists that another large scale no?th-
eaét—tren&ing fault is presént on the weéf side of the
Yellowstqﬁé Valley parallel to the Deep Creek fault, but
the'pqssibiliﬁy probably should be'éonsideréd. Gravity data
(Bonini and others,'19}2) seem to suggest that éither a
flexure or é fault lies under the volcanic.rocks'gnd post-
volcanic sedimentary cover on the west side of the valley
(fig{ 3). After descending gradually sogthgastward over the
gently dippiﬁg.Ghllatin block% fhe Bngﬁ¢r'ér§vity contours
£all ébrup%lﬁ at the west side of the Ybilowstone Valley
until they:reach é low point . near the eastern side of the
valley, Then ﬁhéy begin to ciimb stééply where the
Beartooth biqck has been uplifted along the Déep~Creek
fault. .

The Mill;cfeek fault, which strikes approximafgly:

'eastfwest in'this area, is not well-dated, Hvidently it.is

mainly pré-volcanic, but it is difficult to date closely

its first movement (J,T, Wilson, 1936), Wilson reported a

minimum of LOOO feet of throw along this fault,
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PALEOMAGNETISM

The study of remanent magqetism.has proved fo be a very'.
useful tool for working out stratigraphic relations in some
portions of the Absaroka—Galléfin volcanic proviﬁce '
(Chadwick, 1969; Smedes and Prostka, 1972), Paleomagnetic
investigaﬁions which have been conducted so far seem-to
indicaﬁe that the remanent magnetism in the Washburn gréup
maintains a normal orientation (that is, the north-seéking
direction.of natural remanent ﬁagnetism (NEM) in the rock
poiﬁfs down towards the BEarth'!s present north magnetié
pole) throughout the Golmeyer Creek and Hyaiite Peak
volcanics (Chadwick, 1969) and on up through'the.middie of
the upper Washburn group Fortress Mountain member of the
Sepulcher formation (Smedes and Prostka, 1972). Théhuppqr
portions of the Fortress Mountain member and the lower
portions of the Mount Wallace formation of the Sunlight
group have a reve?sed magnetic orientation (north-seekihg
direction in the rock points upward and to the south), and
the rémaindér of the Suﬁlight'group seems to be norma1ly_
magnetized (Smedes and Prostka,A’lC)?Z)o J.D. Qbra&évich of
thé U,S.Geological Survey has obtained a K-Ar Eiptite date
of 119,5 i'1,5 m,y;‘for'the Big Creek stock.which'has a

reversed remanent magnetic orientétion (Chadwick, 1969),
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The magnetic studies for the present investigation were
conductedewith both a portabie fluxgate magnetometer'and a
' lahoratorj-astatic magnetometer. The portabie unit was used
for most measurements, but dacite speclmens which, gave
'uncertaln readlngs with the field unlt were sawed 1nto one~
" inch cubes and measured carefully w1th the astatlc unlt
.After the 1n1t1al measurements w1th the astatlc equlpment
the cubes were treated with alternatlng current to remove .
any secondary magnetlsm which might have been superlmposed '
. on’ the thermoremanent magnetism of the dacites. The |
demagnetisiné equipment, which uas constructed for the
ﬁ;s.ﬂ. Barth Sciences Department Paieomagnetics Laboratory
."hy the M;S.U.lnlectronic ResearcthaboratOry; includes anﬂ:
AC demagnetizing coil, a random;tumbler for‘the sample, and -
a Hbimholtz coil which-reduces.the effects of the Harth's
' magnetic field to a negligible value in the vieinity of the
" sample. The treatment with thls equipment was repeated in
‘1ncrea31ng 1norements of field strength and the remanent
magnetlsm was remeasured after each treatment untll further
. treatment falled to produce much change in the NRM
'orlentatlons. It was then assumed that the final readlngs.
‘were the correct orlentatlons. For most samples, thls

'Atreatment caused only a: small mlgratlon of the NRM
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directions;'and helped to more closely cluster the measured -

NRM’orientationé for samples collected from the same bodies,

However, in some specimens the NRM directions reversed

themselves form the directions measured in the untreated

rock (fig, L), Generally those which reversed themselves

during AC.tfeatmeﬁt are those which show secondary

hematizatibn, Specimens free of such alteration did not

. reverse; this type of specimen was dollected wherever

"~ possible,

The results of the paleomagnetic work are summarized in
Table 1, .and equal area plots for the individual bodies are

presented inlthe:appendixor
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140

Figure l., Changes in the magnetic dipole orientations of
two specimens from the Little Trail Creek vent area as the
result of treatment of the specimens with increasing doses
of AC current, Specimen #140 is fairly fresh, and specimen
# 138 has been hematized. The equal area plot shows the
north pole position; solid dots = lower hemisphere, and
open circles = upper hemisphere, The plots show the pole
orientations at 0, 100, 200, 300, and L4OO oe,
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Table 1, Paleomagnetic NRM orlentatlons .of Hocene daclte
.1ntru31ves in the Gallatin and western Beartooth Ranges.

{

body orientatiop— E::gggeggnt
Norﬁhern.Mbose Cr, ~ normal _ s f '
Southern Moose Cr, noﬁmal | B
Upper Dry Cr, normal ‘ P
-Lower,Dry“Cr, reversede :'F
‘Big Creek stock revepsed FL
Point of Rocks normal _F.
‘Mill Cr. - nefmal . FL
Emigrant stock normal | F
" Tom Miner normal FL
: Cinﬁebar Basgin reVefsed F
Mol Heron Cr, reversed _ L
Little Trail Cr.. reversed FL
Black Bubte normal B
Meldrum Mbtn, normal FL -
. Rainbow Lake normal F
.Bunsen'Peek normal F

e measured W1th portable fleld unlt only.,

FL

measured with field unlt and with . 1aboratory astatlc

‘equipment, and treated to remeve any secondary magnetlsm.




FIELD DESCRIPTIONS AND AGE RELATIONS
Nbrthern Moose Creek Body

' The northern Moose Creek body is located in the Ga?net

Mountain Quadrangle in sec., 32 and 33, T.5 8., R.5 E., and
sec,5, T,6 S., R.5 E. The oubecrop is roughly oval'ih shape .

and is aﬁproximately 3/l mile long and 1/3 mile wide at its
widest part (fig. 5). In hand speclmen the rock is dark
grey and very fine grained w1th well~ developed flow bandlng.
Near the contacts the flow banding is parallel_to the

" contacts., ihe banding generally‘dips 30° to 40° away from
the center of the intrusion,:and it is nearly horizontal
at the.top of the outcrop. At the.contacte,:the dacite has
~ bent and brecciated the surrounding Hyaliﬁe_Peak'andesite
flows and breccias, All these features‘suggest'thet the |
dacite forms a shallow dome-like intrusion which ﬁas not
been deeply eroded. The body'is located in- the ubﬁer @late
of the pre- volcanlc Moose Creek thrust fault and 1t seems

likely that the fault has controlled the locatlon of the

1ntru31on_(MbMannls and Chadwick, 196l.); probably theAmagma.

rose along the fault plane'until it was shallow enough to
dome and fracture the rocks of the upper plate. Along
portioné;of the western margin ef the dome, a zone of

breccia extends'at least 50 feet outward from the edge of '

i
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Chadwick, 196..)
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the body, This breccia consists of angular blocks of the
intrusive in a rubbly matrix of andesitic volcanic debris.
The breccia has the same ovérall appeérﬁnce as the present
day talus slopes which surround much ofrthe body today
except that it is cemented in a matrix of.volcaﬁic
fragments., Tﬁis suggesfs that the dome may have been

exposed to erosilon before voléanié activity had entirely

‘ceased in the area, Paleomagnetic studies indicate that

the dacite has a normal NRM orientation. Since intrusion of
the dacite evidently took place between two épisodes of

Hyalité Peak volcanic activity, and its remanent magnetism

is the same as that reported for most of the Washburn group

(Smedes and Prostka, 1972), it is probable that the
northern Moose Creek dome was intrudgd dufing Hyalite Peak
time.

Southern Moose Creek Body '

The southern Moose dreek body lies_épﬁrbximately 2% _
miles southeast of the nérthern bodj in seb; 9, 10, 15, and
16, T.6 3; R.5 E. It foo is an oval shaped:bbdy, but it is
about twice as large in outcrop area as the northern Moose

Creek -intrusive (fig, 5)., In hand specimen the rock

~ contains small (1-2mm)'phenocrysts of hornblende,'andesine,

quartz, and a little biotite ih & fihBAgrained light grey
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groundmass, In various ﬁlaces.it is in contact with .
:?receﬁbrian metemorﬁhies, Cambrian sedimentary rocks, and
Hyalite Peak vdlcanics; The centacts!dip'eutward~ﬁery' :
steeplj exeept on the northern end of'ﬁhe"body where the
.dib is gentler evidently'because the intfﬁsiﬁn"has
- wedged 1tself between the Park shale and the Pllgrlm
limestone, The flow bandlng near the top of the body is
nearly horizontal (MeMannis and Chadw1ck 196&), and
suggests that the intrusive has not been deeply eroded,
The outcrop typically displays'celumnar'jointing oriented-
perpendlcular to the contacts. Another promlnent set’ of
301nts is orlented parallel to the contacts and Seems to be -
assoclated w1th multlple chlll zones and multlple zones of
colummar 301nt1ng (flg, 6), Together these features suggest K
-emplacement'by multiple 1ntrﬁsive surges, The intrusion is
located about two miles south of the;Mbose_Creek thrust -
-along a'nefmal fault which intersects'the.thrust (fig; 5);
the ma.gmae may p0851b1y have rlsen along the thrust and then L
mlgrated southeastward along the normal fault before it
'jflnally was’ emplaced Paleomagnetlc measurements 1ndlcate ;
| that the remanent magnetlsm of thls body has a normal |
orlentatlon, Contact relatlons, paleomagnetlsm, ‘and

petrologlc data whlch will be dlscussed 1n a: 1ater sectlon
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Figure 6, Multiple chill zones and colummar jointing
at the upper contact of the southern Moose Creek
dacite intrusion with the overlying Pilgrim limestone,
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.suggest that this intrusive was emplaced durlng Hyallte
Peak time,
| Upper”Dry Creek.Body.
The upbep'Dry Creek dacite body'is exposed.in-the
~ canyons ﬁear"the head of Dry Creek'in the Rridie&.Beak
Quadrangle-in sec. 29, 30, 31, and 32, T.5 S., R.7 E.
(fig. 7). Hand specimens contain a few biotite flakes and
locaily minof amounts of andesine phenoorysts in a vefy
fine gralned dark grey matrlx. The dacite intrudes the
underlylng voloanlcs which were termed Golmeyer Creek by
Ghadw1ck (1969) It is overlaln by Hyallte Peak (Ghadw1ck
1969) eplclastlc beds which contain fragments of the daclte
body. ThlS places the time of 1ntrus1on at late Golmeyer
Creek or early Hyallte Peak tlme. Based on Chadw1ck's
interpretation of the ages of the Hyallte Peak and Golmeyer
Creek volcanlcs, the'lntrus1on must be late early or early
.mlddle Eocene 1n -age, The NRM orlentatlon in. thls body is
normal The ‘upper Dry Creek dacite 1is located in llne w1th
the strlke of the Squaw Creek reverse, fault Whlch is
exposed as close as six miles nerthwest of . the body.
waever, the volcanlos cover the fault whlch is of pre-
" voleanic’ age (McMannis and Ghadw1ck 196&), and they

obsoure*any relatlonshlps whlch mlght:exist‘between the.'
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upper Dry Creek dacite and the fault, Because the Squaw

Creek fault has evidently controlled the locations of two
other dacitic intrusions in the Garnet Mbuntaih area
.(Plafe I, fhis péper; MbMannié énd'Chadwigk, 1?6&),:it :
seems possible thét'it.may also have éohtrqlléd the'jlq
location of the upper Dry Creék_body. | “
_ Lower Dry Creek Dacites

Da01te crops out in the- low hills and cllffs north of
: fhe lower portion of Dry Creek in sec, 5, 10, 11, and 12,
. T.6 S., RT .E.,.'(fig.. 8). Glacial boulders and landforms
suggest that these exposures were produced by,the ice sheet
and ice-maréinal streams which ocecupied thiéipdrtiqn of the
Yellowstone Val;ey'duxfing Bull Lake time "(H‘orber'g','. 1940;
J, Montagne, oral communication, 1973),.in hand specimen .
the dacit;s are characterizéd by phenocrysté of biotité,.
andesine,.bqrtially-resorbed-quértz, and soﬁe‘hornblende_in
a dark gréy or black matrix whioh is commbnly very fine
gralned or glassy The rock weathers to a ohalky texture'-
,and a plnk or whlte color° The surroundlng rocks are part
~of the Golmeyer Creek volcanlcs (flg, 8, thls paper,
.Chadw1ck 1969), Flow banding and observable contacts
suggegt thaf the‘dacité in this area was intruded primarily

élpng a conjugate dike system, Most of the dikes either
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strike northwest and dip steeply northeast or strike north-'
east and dip steeply northwest The northwest trend is
‘approxlmately in 11ne with the Squaw Creek fault and the
. northeast trend is approx1mately parallel to the Deep Creek
fault, Also, a northeast trending cataclastlo zone runs .
through the easternmost outcrops.of daclte in thls arear

In the’ southwest % of sec,11, T,6 s., R.7 E., the dacite.
intrusive bodv,is.overlain by'water-laid sediments. These
sedimentary rocks'vary abruptly.from poorly—sorted-
conglonerete”to well-sorted cross=bedded siltstone, The
units contain.rounded clasts of thexunder;ying dacite and
rounded clasts of volcanics of the Golmeyer Creek type.
Small slump structures are present in plaoes; It is.not
obvious whether this unit is a local fluvial feature of the -
Golmeyer Creek volcanics or is a much later deveiopment.-lf
the sediments are part of the Golmeyer Oreek volcanios,.
then the dacite is definitely of Golmeyer Creek age, On the
-.other hand, if the sediments are younger, then the daclte
.could be younger also, Remanent magnetlc polarlty ‘of the
dacite has’ a reversed orlentatlon. Ohadwick (1969) found no
members of recognlzed Golmeyer Creek voloanlos whloh have a
reversed NRM orientation, and. the earliest known reversed |

1nterval in ‘the: entire Washburn group is in the upper
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portions of the Fortress Mbuntaln member of the Sepulcher

formation (upper Washburn group) (Smedes and- Prostka, 1972);,

Southwest of the lower Dry Creek area is the Big Creek
|

stock (flg, 8). The Blg Creek stock also has a reversed

remanent magnetlc orlentatlon, and portions of its éastern-

e most outcrops and contacts seem to follow the same north-
. east trend as that of the eastern portlon of the lower Dry

,Creek da01tes, Although the lower Dry Creek have been

chilled much more than most of the Big Creek stock, the
phenocryst assemblages are s1mllar, Thus. it seems poss1ble
that the.lower Dry Creek dacltes may be dikes or 1rregular
1enses' whioh are associated'ﬁith the Big Creek stock.

| | Big Creek Stock |

The Blg Creek stock is exposed dlscontlnuously along Blg ’

~ Creek and. the west side of the Yellowstone Valley, and

forms a total of approx1mately 3% square mlles of outcrop

in' the west-oentral portion. of T;6-S.,.RJ7NE.;_and'adjacent :

Iparts of T;o S;, R.6 B, (fig. 8). Hand speoimens contain

' phenoorysts of andesine, hornblende; biotite?fand'partialiy
| resorbed Qﬁartz in a fine-or_jery fine grained grey or
' reddish éreylgroundmass. Portions of the body are deeﬁiy -
, weathered; thls ls especlally true along cataclastlc zones

'whlch seem to trend parallel to 'Big Creek, The outcrops
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‘seem to be trﬁncated by an erosion'surfecel(elevation
epproxinate1§f5690 feet) whioh,begine‘at the mountain front |
above ﬁhe:Qx'Yoke Ranch and extends to the Yeilowsfone ' o
glacial valley with a gentle eaetward siope of‘about 2°,

The surface is covered with a thin veneer of gravel whloh
'resembles Hyallte Peak voloanlcs. Blg Creek canyon 1s
'1no1sed.approx1mately LO0 feet 1nto this surfaoe;.$he

dacite body is in inﬁrusive-contect with voloanics of the
Washburn'group; eooording‘to Chadwick (1969)';t cuts both
-the:Golmeyer-Greek'and the Hyalite.Peak voleanics. It in -
turn is cub by andesite dikes which seem to radiate~from

' under the Hepburn's Mesa basalt flows in the Yellowstone
Valley (Ghadw1ck, 1969). Paleomagnetlo studles indicate

that the stock has a reversed NRM direction., Based on
}paleomagnetlc studies by Chadwick (1969) and by. Smedes and
Prostka (1972) mentioned earlier 1n thls pgper, this would
date the'Blg.Creek stock as very late Washburn or very .
early'Sunlight age., A K~Ar biotiﬁe date of h9o5‘i 555 ﬁoyo:
has been:obtained for this stock‘by-J.D._Qbradovioh of the
U. S, G’S; (Chadﬁick 1969); this is in egreement with the

- paleomagnetlc date for the stock Flow bandlng in much of

the eastern portlon of the body is nearly vertlcal and

strlkes northeast roughly parallel to ‘the Deep Greek fault_'
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which is:aeress_the Yellowstone Valley, This is the flow
banding orientation which would belexpectedfif fhe location
of this dacite had been ét least pertially‘controlled by

. the fault whlch was inferred from the gravlty data of

Bon1n1 and - others (1972) in an earller sectlon (flg 3).
Point of Rocks Complex |
The P01nt of .Rocks - da01te lles to the south of the Blg
Creelk stock in sec, 20, 28, 29, 32, and 33, T.6 Sop R.T E.-
(fig, 8), It-ls-highly variable megascopically. Near its '
borders the rock is pink or grey with phenocrysts of |

blotlte and sparse gralns oft quartz and feldspar in a'

- glassy matrlx. The sides of the body are generally steeply

dipping and are autcbrecciated (flg. 9) Several zones of
chilling and autobrecciation suggest multlple 1ntru31ons.
| A vent complex has been described at the southern'end of
these daqiteloutcrops (Chadwick,:1965) Kflg. 10) Here |
stfatified*flows-and andesite brecciasvdip awsy-frem:the
central’ vent area. Over a dlstance of a few hundred feet,
portlons of the daclte plug grade laterally from an’
autobrecclated plug wall or. splne to.a poorly-sorted
avalanche or talus breccla and flnally to a zone of mlxed
dacitic and andesltlc breccla whlch seems to have been '

tranSported and reqep051ted by eros1onal agents._ln plaees
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Figure 10, The Point of Rocks plug. Portions of the dacite
plug grade laterally from an autobrecciated plug wall (A)
to a poorly sorted avalanche or talus breccia (B) and
finally to a mixed dacitic and andesitic breccia which was

transported and redeposited by erosional agents.
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where the dacite was evidently at sufficieﬁtvdepth to avoid
very rapid chilling, its texture is finely crystalline
instead'of'éiassy to within a. few feet of the contacts,

Columnar jointing is well-developed near'these contects.

'The dacite transects earlier Hyallte Peak volcanlcs, and is

in turn cut by later dacite dikes. Remanent magnetlsm of
both the main portion of the Point of Rocks dacite and the
later crosscutting dacite dikes is'nermal, Flow banding

suggests that the north end of the Point of Rocks dacite is

truncated b& the Big Creek stock (fig, 8). Thne, flow

banding, eontact relations, and paleemagnetism suggest that

the Point,ef Rocks dacite was emplaced duriﬁg Hyalite Peak

" time.

Mill Creek Intrusives

Dacite.forms several square miles of irregularly shaped

'outcrops in the vicinity of Mill Creek at the western edge’

of the Beartooth uplift (Plate I; fig. 11);.it forms major

portions of Chico Peak, Green Mbﬁntein, Arrow Peak, Kﬁowles

Peak (formerly Mill Peak), and the divide between Eﬂbow
..Creek and the East Fork of Mill Creek Hand speclmens

contain phenocrysts of blotlte, ande31ne, partlally

.resorbed quartz, gnd a little hornblende in 2 flnely

crystalllne grey groundmass. In most places the daclte has
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contactlmetamorphosed Cambrien sedimentary sequences as it‘,
. evideptlygintruded'along the shaly members of those’
sequences. and formed 1accolithsland sills,” Portions‘ef
uhese bodies are located'aloug branches of the Mill Creek
and Deep Creek faults (Plate I; flg. 11), the dacite 1s
1nterpreted as post-faulting because it shows no extens1ve
fracturlng near the faults. The -geologic’ ev1dence 1n the

area suggests that the magmas rose through the Precambrlan\
basement along the Mill Creekg and to a lesser extent, the
Deep Creek'faults and then spread out Mainly in the shaly.
layers of the Cambrlan sedlmentary rocks as was postulated
by J.T. Wilson (1936) and Van Voast (196l), At the ‘head of
East Dam Cfeek along the Sidehill Trail, Mill Creek-type
dacite cuts through the early Sunlight volcanlcs and ‘seems
to form a small vent complex similar to the one at P01nt of
Rocks, A K-Ar biotite date from the daclte at the southwest
‘gide of Arrow'Peakeyielded‘an age of u9,0 + 1;7‘m°y;
(Chadwiclk, -1'969) This is in'.'agr‘eement.with the contact
relations, at East Dam Creek whlch suggest that the Mlll
Creek dac1tes are early Sunllght in age. The Mill Creek
dacltes were ev1dent1y emplaced durlng a perlod of normal -

:'magnetlc dlpole orlentatlon.‘l
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_ Emigrant Peak Dacites .

| The Smigrént stock is exposed along Emigrant Gulch on
the east side of Emigrant Peak and the weéf side of the
'unnamed peak across the gulch (flg, 12) Basler (1965)
d1v1ded the daclte in thls ares 1nto two groups which he
-:called groups‘A and B, The group A-daclte forms.the main
portion of the Emigrant stock ‘and an associdted sheet cone
complex, Thishgroup is.found in.two.distinct varieties

‘which, according to Basler (1965), grade into one another.

Near the walls of the stock and in the dikes it is a black .

glassy rock.ﬁith light colored phenocrysts of plagioclase,
some orthoolaso, and partially resorbed quartz (fig. 13).
Farther.ih.ﬁowards the center of the stock the group 4
rocks érogcharacterized by large (1-ECm)’zoned albioo
crystals which are sometimes Caf;sbéd‘twinhod,'and.by
omaller (i-2mm) phonocrysﬁs of horﬁolendo,"piagioclééé,'
K-feldspar, and partially resorbed quartz, in a fine
grained -tan colored groundmass (fig. 14). Some of the
unusual fegtures of this coarser grained port;on_of the.
group A rocks may be due to-métamorphism dﬁring'lafer
hydrothermal mlnerallzatlon of the stock and’ Wlll be
dlscussed 1n more, detall 1n the petrology section of thlsn'

"paper,
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Geo/o‘,ic map of the Emt"rnu{ Stock

« MeMannis, prelminary data,1969)
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Figure 13, Strongly flow banded group A dacite from the
margin of the Emigrant Peak stock,

Figure 1i., Large zoned albite crystal in the coarser
grained group A dacite from the main portion of the
Emigrant Peak stock,
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'$he grcup B dacite forms dikes-and sills which cut the
group A dacites (Basler, 1965); The group B rocks contain
small (1mm chenocrysts of plagiociase, biotite; and |
‘partlally resorbed quartz in a very fine gralned 11ght grey
.matrlx. The maln portion of the Emlgrant stock has 1ntruded
older 1ntru31ve and extrus1ve andes1tes whlch were |
de51gnated as Washburn group by Smedes and Prostka. (1972)
The andesites are petrographlcally very 31m11ar to the_
Golmeyer Creek volcaniecs at Big Creek and 1ower Dry Creek
(Chadw1ck 1969) A X-Ar biotite age date (Geochron Labs)
of 53,5 + 2,3 m,y, has been obtalned for 31m11ar andesites.
whlch lie. approxlmately three miles east of the Emlgrant
stock on the West.Fork of Mill Creek (Chadw1ck,'1969)o
Dikes of the dacites seem tc'have forced their way between
the . Precambrlan-washburn andesite contacts almost all the
way around the Emlgrant area, NRM orlentatlons of the
glassy port;ons of the group-A daclte are normal,'remanent
magnetlsm in the other Emlgrant dacltes was too weak to
detect Basler 1965 p01nted out that the group B dacltes
are very s1m11ar to some of the flner gralned portlons of
the MLll. Creek dacltes; pos51bly they are related If the
group B rocks are related to the M1l Creek 1ntru31ons,

then group B is probably early Sunllght or 1ate ‘Washburn in
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age, This woﬁld make the group A rocks middle to late‘
washburn age since they cut andesites which are probably
early Washburn in age _
| ' Tom Miner'Body |

The Tom Mlner daclte body forms most of Sheep Mbuntaln
and the northwestern end of Sawtooth Mbuntaln Just north of
Yellowstone Natlonal Park in sec° 21, 28 29, 32,‘and-33,
7,8 3., R, 6 B, (fig, 15) In hand specimen the rook has a
fine gralned medium grey groundmass containing phenocrysts
'of andesine, hornblende, and a little biotite. The body is.
evidently'intrusive. It lacks:extensive‘chilled and.auto-
‘brecciated zones such as those at the Point of Rocks
complex, the contacts dip steeply outward, and the borders
of the bodj'contain xenoliths of material'similar:to that
found in the‘surrounding lahars. The intrusion'is located
near the point where the Spanish Peaks and Deep Creek:
faults would 1ntersect 1f they were extrapolated from
'thelr last known exposures (Plate I), However, -if these
- faults do extend under the volcanlc cover they have been -
completely obscured by 1t,;and there:ls no clearly ‘visible

arelation hetween this intrusive.bodj andipre—emplacement.

tectonicdactivity. The body intrudes laharic beds, volcanioiiii

breccias, and andesite flows which are probably the upper




LA

[ Ex,v/a.na.‘fio-n ’;/

f

Tid

intrugive
d.r..'fl

Tm

< mouﬂf C\Jg ((Iae FMAJ
Su-‘/ia/\f Gro&ﬁ

Tsf

Farfr.” Mtn mbr,
Stpu/gl,u F—MJ
(ashburn Graup

midolle Eoeene

L2

~

€ni «dd/
of ﬁ:dalin;

strike vwdi
of f/o«) éawd:‘nj

& e

N
- 7
T
|
| Tom
/
/
/
2 Tom RN
%F -~
% ] mmile iz IL"""’N/

Tsf

Migure 15, Geologic map of the Tom Miner dacite intrusive.
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portionS'of the Fortress'Mountain member of'the Sepulcher

formatlon and the lower portlon of the Mbunt Wallace

.formatlon as these were- descrlbed by Smedes and Prostika

(1972) and the U,8.¢,8, (1972). Tedd (1969) reported two

paleomagnet;c readlngs with;gently'dipping reversed dipole -
orientations' for the dacite; however, this study obtained

. only.nbrmai.readings with both field and. laboratory

equipment'-Because these normal readings did not'change

with treatment w1th AC current in a fleld strength of up to

250 oe, it iy belleved that the body was emplaced durlng a’

“perlod of normal magnetlc pole orlentat:u.on° One or two

miles east of the intrusive, Sepulcher formatlon members
which probably correlate with those intruded’by the'Tom
Mlner body have reversed magnetlc polarlty (E L. MbCaskey,

- preliminary data reported 1n Smedes and Prostka, 1972)

Because the-only known' reversed magnetlc 1nterval in the

, Washburn or Sunllght groups occurs at ‘the boundary of these'

two groups, and because the dacite 1ntru31on seems to cut

rocks of thlsllnterval, the Tom Miner dacite. 1s probably ‘

:Sunllght 1n age.and is younger than the 19, 5 m,y, old Blg

Creek stock whlch has a reversed NRM dlrectlono-
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Clnnabar and Mol Heron Intru31ves
Two very slmllar dacite bodles are located approx1mately'-'

six miles north of Electric Peak in Cinnabar Basin and on

the divide between Cinnabar and Mol Heron'creeks (fig.-16);3h

‘The Cinnabar Bas:l.n body, in sec, 20, 21, and 29, T8 So,

Ro7 E,, has an inverted L-shaped outcrop pattern of. about

1; square miles, The dacite in the Mol Heron area forms a

'roughly trlangular outerop pattern which extends across

26 27, 28, 34, and 35, T, 8 So, R 7 E. Their close’

prox1mity and remarkable similarity suggest that these two_‘

"bodles are connected at depth Poor exposures show mega-~

'scoplc phenocrysts of andesine, hornblende, blotlte, and

minor amounts of partlally resorbed quartz in a fine
gralned grey groundmass. The contacts are hldden, but the7'

relatlvely coarsé texture of these. rocks suggests that they

.are 1ntrus:|.veo These bodies are located along and near the

Mol Heron fault and are also close to the probable "

extenslon.of the Gardiner faultl(Blate I). Because much of

.the displacement on these faults_evidently‘was accompllshed'

prior'to'volcanism in'this area, it seems possible that the

magma. may have rlsen along these faults. The NRM directions

in both of these intrusives are reversed The surroundlng

Mount wallace or Sepulcher VolcaHJOS'Whlch the,dacmtes seem
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to intrude were-fonnd to be normal in some places andv"
.reversed-in.other nlaces (E, L, McCaskey, prelimlnary data
reportedﬁig Smedes and Prostka, 1972)., Based:onIOur present
.knowledge'of the baleomagnetic time scale and the strati- ,
' graphy of the Absaroka-Gallatln volcanlcs, the dacltes in _:
the Clnnabar-Mbl Heron area are probably roughly contempo—'
raneous wlth the upper Sepulcher and 1ower Mbunt wallace
formatlons and with the L9, 5 m.y,old Big Creék. Stock |

' thtle Trail Creek Complex

' Along the north fork of thtle Trall Creek whlch 1s on
the northeast s1de of the Yellowstone Rlver across from
Sepulpher Mountaln, are ‘several 1rregularly shaped
exposures of dacite which are evidentlylremnants of flows :
and the vent that probably fed them. These are'found in
sec. 28, 33, and 3, T.8 S, Ro8 E., and sec, l and 9,
T.9 S,, R 8 Eo (fig. 17). In hand Specimon the daclte |
contains phenocrysts of andes1ne, blotlte, replaced '
hornblende, and sparse partially resorbed quartz in a veryf
flne gralned matrlx which 1s grey, reddlsh grey, or tan |
dependlng on whether it is fresh, stalned with hematlte, or
bleached, The flows and portlons of the vent are auto-
Ibrecciated (flg. 18 Fraser and- others, 1969) The brecclas

contaln fragments of daclte and a few clasts of the
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Figure 18, Dacite flow breccia at Little Trail Creek,
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Preéambrian_séhists and gneissés'which surround the vent
ana underlie:the flows, Much of the brecciation probably
took place in the vent, but some may have also resulted
froﬁ autobrecciation of the flows., The'locatibn of this
vent less than two miles north of the northeast-dipping
Gardiner fault suggests that the fault may héve served as a
conduit for the magma until it was near thg éurface. The
NRM orientation in these rocks'is reversed. This suggests
that they.were formed at‘about_the'same time as the
Cinnabar-Mbl ﬁeron bodies and possibly the hé,S.m@y, old

Big Creek stock,




STRUCTURAL CONTROL OF ERUPTIVE CENTERS AND INTRUSIVE ROCKS
Beéause‘the volcanic rocks so'thoroughly cover the pfe—

volcanic rocks in huch of the Absaroka-Gallatin volcanic |
province, structural data has beén slow to acbumﬁlate and
is'still very incomplete in many areés. At the southern end
of the province J.D, Love'(1939) reported that he was |
unable to find any causal relation between ébservéblé
structure and centers of igneéus activity, and I am unaware
of ény Subéequent studies whiph have found such structural
features,~In‘thé‘dlder areas to the north and west, howevér,
such relations have been found at least locally. C.W,Wilson
(193l1) suggested that the Gardiner fault controlled the
locations of the porphry bo&ies nearby, and J,T, Wilson
(T936) believed that the dacite bodies in the Mill Creek
area were controlléd by the Mill Creek fault. Foose and
~others (1961) point out that the only igneous activity
along the Mill Creek fault took place near its intersectioh
" with the Cooke City lineament. They sugéééf that this
1ineamenf; which seems to have -controlled the locations of
many othef centers of igneous activity, probabiy exerted
primary control over the Mill Creek bodies also, McMannis
and Chadwick (ﬁ96u) described similar relations between’

faults and intrusions in the Garnet Mountain quadrangle,
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Chadwick (1968; 1970) pointed out that the erupbtive
centers as a whole generally lie along two sub-parallel
belt; which he preéumed were contrélled by pre-eiisting
zones of crustal weakness, He ﬁoted that these two trends
appear to cbipcide,with the trends of the Cherry Creek-
Squaw Creek fault and the Spanish Peaks fault at the
- northwest end of the province (Plate IT). Prior to
Chadwick!'s papefs, Peale (18?6), Iddings (1904), C,W,Wilson-
(193L), and Horberg (1940) suggested that the Spanish Peaks
fault and thé Gardiner fault are continuous under the
Géllatin Volcanicé, and C,W, Wilson (193li) even speculated
that this fault then continued southéastward towards Cody._
where it fe—eﬁerged as the Rattlesnake Mountain fault.
However, if,Chadwick is correct;.and the two apparent belts
of igneoﬁs centefs-are:bontrplled by zones of crustal
weakness, then the Rattlesnake fault is more likely the
southeastérn end of the Cherry Creek-Squaw Creek fault
treﬁd. The Céoke City lineament described by Foose and
others (1961) is probably the.caﬁtral portion of this
faulﬁ,tfend_éince it is in line with and has the same sense
. of motion as the end members, According to Foose and others,
tectonic activity along the Cooke City lineament preceded

the igneous activity along it,
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‘In'the.sputhwestern belt relations.are'more speculative,
While sevefél.authors, as mentioned above, have agreed that
the Spanish Peaks fault and thé Gardiner fault are probably
-connected,4it has so far been impossible to find peréuasive
 evidence that the fault continues to thé‘southeast in the
area of thé youngest'members of the Absaroka volcanic
supergroup. waever, based on'fhe obsérved structural
control of the northeastern belt, and on the séutheaépward
trend in the locations of the igneous centers of the south-
- western belt in line with the Spanish Peaks and Gardiner
faults, it seems likely that the zone of crustal weakness
does continue to the southeast under the relatively young
volcanic cover, H  |

The ﬁortheast—trending normal faults have played a
perhaps relatively minor role'in,controlling the locations
of igﬁeous activity, Van Voast (i96u) suggested that the
dacite intrﬁsive of Chico Peék (fig. 1&) had béen in part
controlled'ﬁy the Deep Creek fault,“but he beliéved that
the effects of the Deep Creek fault were Secdndary to the
" effects of the Cooke City lineament which seems to
'intersecﬁ;both the Deep Greck and Mill Creek faults in this
afea. At least some of the dacités in the lower Dry Creek,

Big Creek, and Point of Rocks areas may have been
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controlled 51m11ar1y, flow bandlng, contacts, and outcrop
patterns all seem to follow a steeply dlpplng northeast
trend (flg, 8). These bodies are aligned along and were
perhaps controlled hy the fault which seems to be suggested
by the gravity data of Bonini and others (1972) '('fig,-B)°
However, these bodies, like those in the.Mill Creek area,
are also located near the Sqnaw Creek-Cooke Citj trend,; and
this zone may have been the primary controiling factor here‘
.as well as at Mill Creek, ‘ S o |

As noted earller in this paper and by McMannis and
Chadwick 196&), the northeast trendlng Moose Creek thrust
fault ev1dently controlled the locations of the two Moose
Creek intrusives, It is probably reSpon31ble for their
unusual locations midway between the two ﬁajor belts of
igneous centers. o |

In the northwest portion of Yellowstone National Park
are several igneous centers which are located as nuch as
several miies south'of the Spanish Peaks-Gardiner trend
(Plates I, II); these are the intrusive bodies of the
southérn Gallatin Range and include the Mount Holmes stoek,
Indian Creek laccolith, Gray Peak-Snowshoe'1a09011thic |
complex, and the Electric Peak,eruptite and intrnsive

center (Ruppel, 1972). These bodiesg seem to be mostly
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restricted to the area of the Gallatin Horst (Plate I).

Ruppel (1972) thinks that they were emplaced before the
Gardiner, Mammoth, Reese Creek, and Mol Heron faults were
activated because the bodies have been cut and deforﬁed by
the faulﬁs. ﬂb postuiates em?lacement during'the éentle:
anticlihal folding which preceded faulting on the horst.
Concentration of these bodies along the center of the horst
rather than aiong its faulted boundaries ténds to support

this view. PFraser and others (1969) believe that most of

the movement along these faults took place before volcanism

began in the area because the earliest volcénic rocks they
could find.kin the Gardiner area) have oniy been displaced
about 250 to 500 feet while.total_disblacement along these
faults is épproximately twenﬁy times that, It is
interesting to note that Fraser énd.dtheré drgw most 6f
their evidence froﬁ the Mammoth Fault, whilé Ruppel cited
the Mbl,Heron and Reese Creek faults to supbort most of his
argument; Bérhaps these differences .in opinions are related‘
to thé greéter amount of reactivation of the Gardiner fault

in the Mol .Heron and Reese Creek vicinity'whiCh.wouid‘

.'probably'also have affected the Mol Heron and Reece (reek

faults, Also, Ruppel bases much of his argument on offsets

and deformation of the intrusive rocks which_evidehtly_
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predate volcanictactivity in this area because the youngest
of these intrusives are cut by the conduits of the HElectric
Peak eruptlve center, Fraser and others use the extrusive
rocks for thelr dating. Perhaps the major movement along
these faults'wae'postlintrusive.and pre-volcanic,
| From ailithis,:a,picture of the development of the
northern part of the-Park begins to emerge. First magmas
1ntruded along a north-south line extendlng from Mount
Holmes at 1eest to Electric Peak . Shortly thereafter, the
Gardiner fault became active and began to produce a broad
northwest-trending syneline as the result of drag folding
on the downthrown side of the fault, However, the pre-
Gardiner 1accoiiths and sills had effectively reinforced
the sedimentary rocks they had intruded so that this area
behaved rigidly. Instead of being flexed dowﬁward with the
‘rest of the syncline, normal faults developed at the
borders of this rigid section'as it remainedistructurally '
high thus formlng the Gallatin Hbrst By the time this
feature was well-developed, volcanlc act1v1ty had begun
'along the northwest-trendlng reverse faults° The eruptlve
center at Electric Peak may Be the result of some of this
later magma which came part way up the Gardiner fault and

then exploited the Reese Creek fault,




PETROGRAPHIC DESCRIPTIONS AND CHEMICAL COMPOSITION
Many thin sections of the dacites in the Gallatins and

western Beartooths were examined for this study; approxi- .

mately half of these sections were made specificaily for

_.this investigation, and half came from Montana State

University's collection of thin sections. from previous

work, Modal analyses of representative sections are given

'in Table 2. The modes are based.on counts of 1000 counts

per thin sectlon When the use of partially altered
spe01mens was unav01dab1e, the altered gralns were counted
as the original minerals. A review of publlshed chemical
analyses for the-dacites in the study area .is presented in'
Table 3.‘Origina11y it was hoped that many additional -
silicate analyses could be obtained with an emission

spectrograph in the M, S,U. Chemistry Department; however,

numerous problems have been encountered in developing

methods which produce satisfectofy results with the

equipmentﬂavailable, and addifional analyses could not be

made, | | |
Northern Moose Creek Body ,:'

The northern Moose Creek body contains a phenocryst

" assemblage primarily'of hornblende and verj calcic

andesine; The andesine is present as 1mm pieces of broken




Table 2. Representative thin section modes of Gallatin-Beartooth dacites.

Location southern Moose Cr. northern Moose Cr. Big Creek
% *
Spec. # 255a 255¢ 254A  254b 204 399"
quartz 0.5 0.4
orthoclase
plagioclase 323 353 9.4 9.8 16.8 26.3
hornblende 4.5 4.4 6.7 Tal 4.5 252
biotite 19 35
magnetite 0.1 0.7 0.8 0.2 0.8
groundmass Y FA 92.4 83.2 81.8 86.2 67.2
Ul
o
*
chemically analysed specimen listed in Table 3.
PR R ——




Table 2. Continued

Location Point of Rocks Mill Creek Emigrant
Group B#

Shac: § 3244 . - 3458 1 ‘géjg‘)‘* 6441

quartz tr JeZ iRl 14.7

orthoclase O 1

plagioclase 19.7 17D 13:6 13.1 19,2

hornblende 3.9 4.1 Bl 109

biotite 352 1.2 42 & Lol 4.1

magnetite 1.1 0.7 0:3 10,3

groundmass 2.1 76.4 78.3 83.4 62.0 E}

#Emigrant group A was too altered to provide a meaningful mode for the purposes of
this paper.




Table 2. Continued

Location Tom Miner Cinnabar-Mol Heron Little Trail Creek
Spec. # 28-1 88 156-3 159 139 141
quartz 2.0 0.1 tr 1
orthoclase

plagioclase 36.9 11.% 24,2 15.0 18.0 17.9
hornblende 8.6 6.6 8.8 6.3 F ik, S
biotite 1.6 1.5 2.8 4.4 5.2 4.8
magnetite 1.4 19 0.8 0.9 0.3 0.3
groundmass 69.5 723 63.3 73.4 68.8 70.5

8s
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Table 3, Chemical analyses and CIPW normative minerals
for northern Gallatin and western Beartooth dacites,

Chemical analyses
weight percent

1 2 3 by 5

SiO2 66,82 65,32 65,12 66,00 66,4 Tl
A1203 16:15 15,66 13:15 18.79 .77
FeZO3 R T 3,06 2467 2,86 1.50
e .38 .98 187 1520 2.149
MgO0 .61 1.48 1.56 99 2e23
ca0 2,88 2,88 3,70 2. 16 2.TL
Na,,0 l1,96 5.80 3.41 2517 .12
K,0 2.80 2,62 l,88 249 2.98

1 = Northern Moose Creek (MecMannis and Chadwick, 196l)

2 = Southern Moose Creek (McMannis and Chadwick, 196l)

3 = Big Creek stock (Chadwick, 1969)

. = Point of Rocks (Chadwick, 1969)

5 = Mill Creek (J,T., Wilson, 1936)




Table 3.

(continued)

60

CIPW

normative minerals

1 2 3 4 5
Q 18,8 1342 1740 30.9 19.4
or 16,5 15.5 29.0 17.5 1745
Ab 4.5 5%:5 31,0 25,0 37.0
An 13:8 8.7 6,0 10,5 13,0
C 8.0
Wo oLl P 5.0 &
fin 1.6 N0 Bl 2.8 6,2
s 42 2,8
Mt 9 2.1 241 3.0 1.6
Hm T 3
total 97.9 98,0 96,3 977 97.7
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euhedral crystals with oscillatory zoning,.The hornblende
- forms euhedral crystals which are mostly aﬁout'O,Bmm long
and are in places cracked or broken, it is pleochroic in
yellow gféeﬁs to browns., Some 6f the hornblende contains
small anhedral grains of feldspar and a few subhedral
graihs of magnetite. The hornblende crystals are rimmed by
an extremely fine grained opaque mineral. The groundmass
contains microlites of plagioclase and minute gfains of a
spinel which is probably magnetite, The remainder of the
groundmass is exfremély fine-grained and glassy, and the
reéulting texbure is trachytic near.the contécts to
hyalopilitic in towards the center of the_body. Modal
analyses are summarized in.Table 2, and a chimical analysis
'(Mbmannis.and Chadwick, 196l1) and CIPW norm are presented.
in Table 2, | |
~Sou.thern-_Moos.e Creek Body

The characterigtic phenoéryst assemblage of the southern
Nodée'Creek infrusiﬁe consists of hornblende and very
calcic andésine. The ahdesine‘forms'1 to 2mm broken
ouhedral grains with oscillatory zoning. The hornblende
forms 1mm-long euhedral grains which are pleochroic in
yelldwish'éreeﬁs to browné. Some of theég contain subhedral

to euhedrai grains of magnetite and anhedral feldspar, .
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Minute gfains of a .black opaque minefal rim the hornblende,
Muech of the hornblende seems to have beeén broken'juét
before the rock completely solidified because the broken
pieces of iﬁdividual grains have not been widely separated,
The blgck rims around the grains evidentlj.formed prior to
the fracturing of the grains since the rims are found only
on the crystal faces aﬁd not on the broken grain boundaries
(fig. 19). Away from the chill zones the rock contains 0.5
“to 1,0mm‘gggregates of ,OSmm anhedral quartz grains

(fig. 20), The individual grains have uniform extinction
whiéh suggeéts that they are pfimary features rather than
microxenqiiths. The groundmass conbains féwer plagioclase
microlites than that of the northern Mboée Creek body, but
there are mpré plagioclase phenocrysts in these rocks than
in those:of the northern body, The groundmass also contains
some hornblende miéfoiites and some extremely small opaque
grains which may be magnetite. Away from the éhilled
marginsg, the groundmass also contains some very small
anhedral grains of quartz and/or K-feldspar. Most of the
rest of fhe matrix 1s extremely fine grained or glassy;
the‘grqundmasé is trachytic near the contacts and chill

" zones and hyalopilitic in the center of the intrusive.

Modal analyses are listed in Table 2, and a chemical
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Figure 19, Photomicrograph of a hornblende phenocryst
broken during emplacement of the southern Moose Creek
intrusive, Note the pre-emplacement reaction rim of a
very fine grained opaque mineral, Plane light.

Figure 20, Photomicrograph of quartz aggregates in
the groundmass of the southern Moose Creek intrusive,

X-nichols,
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analysis (McMannis ‘and Chadwick, 196l ) and CIPW norm are
given in Tgble 3.

| prer Dry Creek‘Body

The upﬁer Dry Creek dacite contains very few - -
phenocrysts.” Those that are present are of calcic andesine,
biotite, magnetite, and horhblende. The andesine forms f to
2mm euhedral grains with oscillatory zoningm The biotite is
present as 2 to Bmm,flakes; in some specimens it has been
replaced by hematite, Magnetite grains are subhedral and
most ‘are approximately 1mm across. Whefe it is present,
hornblende forms 1mm-long graihs which appear to be
slightly rounded suggesting incipient resorption;
‘Pleochroism of the hornblende is brown, and the grains have
rims of alblack'opaqué mineral. Small inclusions of
plagioclase and magnetite are contained in.the hornblende
grainé. Iﬁ the trachytic groundmass, minute specks of
opaqﬁe minerals, microlites of plagioclase, and some
biotite flakes are surrounded by a brown 6r dark red glass,
‘The biotite in the groundmass, like that of the pheno-
crysts, is commonly”altered to hematite, By visual estimate
the rock typically is 99 perdenﬁ groundmass, and approx-

imately 2/3 ‘to 3/l of all the phénocrysts.are feldspar.




65

Lower‘Dry Creek Dacites

The .dacites at lower Dry Creek are very glassy and
strongly'fiow banded., Phenocrysts, which seem to accounf
for only ébout one_percént of the rock, are 1 to 3mm
euhedral flakes of biotite, 1 to 3;, broken fragments of
euhedral-ﬁlggioclgse, and sparse .5 to 1mm graihs of
partially resorbed quartz, The plagiéclase dispiéys
oscillatbry zoning, The trachytic groundmass-éopsists of -
a few-yefy:small plagioclase microlites surrounded by
glass and devitrified glass,

' Big Creek Stock

The Big Cfeek stock typicall# contains a phenocryst
assemblage of intermediate to'slightly caleic éndesine,
biotite,.éitered hornblende, a liﬁtle magnetite, and some
partially resprbed quartz grains, The andesine grains are
generally ﬁ to Smm broken or cracked euhedral crystals.
They display patchy and oscillatory zoning, and some of the
‘larger grains seem to contain'outlines of previously -
rounded plagioclase gréins around which the euhedral
crystals have formed., Extinction angles indicate'thatlthese
rims are.slightly more calcid‘than the cores,.. In altered
specimené{ plagioclase grains commonly have been select-..

ively calcitized along certain zones While_other zones
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remain unaltered. A few grains of andesine weré observed‘
which seem to be intergrowﬁlwith biotite. Except in these
‘relatively rare instances in which bigtite is in anhedral
intergrowth with plagioclase, the biotite in the Big Creek
stock fofﬁs-euhedral flakes which are apbréximately 1 to
3mﬁ across. The oﬁter portions of thé biotité flakes
'commonly‘contain a fine écattering'bf an~éxtremely fine
grained opaque.mineral, and .the central.poftions of some of
the flakes. contain subhedral magnetite and anhedral ;|
feldspar, In mosf specimens the hgrnblendeyhas been -
replaced”ﬁy limonite or hematite, caléite, and in places
epidote or chlorite, The ouflines suggest that the
hornblendg had formed euhedral cfystals whiéh weré 1 to 3mm
long. Magnetite typically forms .1 to .Smm subhedral to
euhedral grains ih the‘gréundmass. The groundmasslis
hypocrystélline allotriomorphic with veryAfew plagioclasé
microlites; Some spééimens,céllected near the contacts
contain broken phenocrysts of augite which méy have come
from the{andesife which the dacite intrudes. Thin section.
modes are listed.in Table 2, and-a'chemicél‘analysis.

(Chadwick;_1969) and CIPW norm are gi#en.in Table 3.
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Point .of Rocks Complex

Away from.chilled margins the Point df Rocks dacite
contains_phendcrysts of andesine, hornblende, biotite, and
magnetite,‘Quartz iﬁ very rare, but in places é few very
small'remﬁants of resorbed grains are present. The andesine
fdrms euhedral Cryétals which are generally broken and are
about 1 to 3mm in size, Thej éypicélly show éscillatory and

some patchy zoning. Many of the larger grains and fragments

appear to cbntain partially resorbed dndesine grains around

which the outer portion of the final cryétal has grown
(fig, 21); Extinction angles suggest that,phe.outer'zones~
of these‘grains are more caiciqn(Anué) than the central
portions of the grains (An39). Smaller (.5 to 1mm) euhedra;
andesine grains without any apparent partially resorbed
cores are also preseht in the phenocryst assemblage; these
are An46° In some grains the 1aﬁer portionsjof the andesipe
crystals have partially envelobed hornblendé'grainso The
hornblende, whether or not it is in contact with plagio-
clase, 1is typically slightly frayéd and roundeq as if it

| had been-partialiy resorbed; The grains are 1 to 2mm long
-and are rimmed by é'sligﬁt amount of én.épéque mineral. In
éome'specimens the hornblendé_has beqn extehsively replaced

"~ by calcité_and hematite. Where it is fresh, it is.
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Figure 21. Photomicrograph of a plagioclase phenocryst
from the Point of Rocks dacite., A euhedral rim of AnL,.é
surrounds a rounded and embayed core of Ant. X-nichols
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pleochroic in dark greens to browns, Biotite is present in

lesser amounts than hornblende, It generdlly forms 1 to 2mm

flakes with very slightly frayed or ragged edges. Sparse

inclusions of feldspar and'magnetite can be observed in
most of the .flakes. The biotite is not as extensiVely

rimmed by opaques as is the hornblende. Magnetite is most

"evident as .1 to .5mm subhedral grains in'the-grbundmasso

The groundmass 1tself is typlcally trachytlc to hyalo-‘

‘pllltlc, Near .the contacts the groundmass 1s trachytic, and

“the rock coptalns notlceably,fewer‘phenocrystg, Represent-

ative modes are given in Table 2, and a chemical analysis
(Chadwiqk; 1969) and CIfW norm are presented in Table 3,
Mill Creek Intrusives '
The dacites in the Mill Creek area contain_phenbcrysts
of quartz, plagioclase, biotite, hornblénde, and magnetite,
The quartzlgrains range from .5 to.Smm in size, and are
rounded and embayed as if they had been partially resorbed
(fig, 22),.Some quartz grains aﬁe partiaily encircled by
biotite fiékes. The feldspar fofhs'°5‘ﬁo Sﬁm grains of
inﬁermédiéte to calcie andesine, They are euhedral and many
grains are broken. Typically they dlsplay patchy and
030111atory.zon1ng; Some gralnS'appear to,be.lntergrown

with biotite. Most of the biotite in the Millereek dacites




Figure 22, Rounded and embayed quartz phenocryst
from the Mill Creek dacites, X-nichols
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is not intérgrown with other minerals, but inétead forms
euﬁedral t9 slightiy corroded .5 to 3mm flakes which are
surrounded by the groundmass, The biotite'generally .
contains a little magnetite and feldspar, and itfié rimmed
by a very-fine grained opaque mineral, Magnetite commonly
forms ver& small subhedral grains in the groundmass, Most
hornblende has been altered té calcit.e,“magnefite9 and
" chlorite, but where fresh it férms_merloﬁg erystals which
are slightly cbrroded and brokena.The groundmass generally
appears to be a micrographic intergrowth of'quartz and
sanidine mixed with plagioéiase microlites. However, near
the contacts the groundmass is partly ééassy, Secondary
replacement patches oflcalcite are present throughout some
specimens; Representatife modal analyses are iisted in
Table 2, and a chemical analysis from the Elbow Creek
divide (J,T, Wilson, 1936) and CIPW norm are glven in
Table. 3, |
Emigrant Peak Daciteé

The Emigrant Peak dacites of Basler's (1965) group B
contain phenocrysts of intermediate andesine, biotite, and
quartz, The andes1ne forms 1mm euhedral grains which are
cracked and broken, They exhlbit both patehy and os01lla-

tory zonlng, and in most samples they are extensively
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calcitized. The biotite forms fresh esuhedrsl flakes which

show ﬁq“riﬁming by opaque minerals, Some of the_flakes
contain minor amounts of feldspar, Quartz is.unusualiy
common in these rocks; it generally forms lmm grains which
are partially resorbed, The groundmass.is hypocrystalline
allotriomorphic and contains principally qqarﬁz, feldspar,
and glassnwith a few opaque‘grains scattered.through it;_
Basler's group A dacite was the most unusual dacite
studied, The glassy border variety contains pheéocrysts of
sodic to intermediate andesine, ora’i':hoclas:ey and hdrnblende@
The 1 to 2mm andesine grains display patchy.and oscillatory
zoning aﬁd are very slightly rounded. Mnch,of the andesine
has been pértially réplaced by calcite, Some of the grains .
are in anhedral contact with hornbiende. Most of'the
hornblende in the specimens is éntirely surrounded bj
matrix, however, and it shows nearly euhedral outlines,
Pleochroism is bluish greene'The hornblende generally has a
slight rim of opadUe mineralsg and some is partially
- altered to chlorite, The orthoclase forms 1 to 2mm grains
which are only slightly rounded and are mach less altered
than thelandesine grains, The groundmass is.hyalbpiiitic to
trachytic-ahd is seemingly compoesed of quartz, feldspar, '

and glass with minor opaques,
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The coarser grained variety of the group A dacite
contains bhenocrysts of sodic to intermediate andesine,
albite, partially resorbed qﬁartz, and a little muscovite,
In_addition,‘some chlorite is present which is.evideﬁtly,
pseudomorphic after hornblende, The andesine‘grains are
1 to 2mm broken euhedral crystals which show eﬁidenée of
patchy zoning and are mostlj'feplaced by.caicite,.The
albite develops unusually large (10 to 25mm) crystals,
these display oscillatory zoning'which is more evident in
hand specimen (fig. 1)) than in thinrsection-perhaps
beecause cbmpositional changes across the Z§ne§ are slight,
The borderé of the albite crystals are ragged, and much
matrix material'and other phenoerysts are included in the
albite.crjstals, Chlorite is present entirely as replace-
ments of hornblende crystals; a-few fragments of the-
hornblende étill remain, and the#e display bluish-green
ﬁleochroism. The muscovite iﬁ_thesé rocks forﬁ.small (o1 to
oSmm)'eﬁhedral flakes which eommonly contain tiny'needles
of cummiﬁgtonite; The groundmass ié a granular mixture of
quartz, K-feldspar, and a feﬁ plagioclase microlites,‘The‘
rock is generally extensively altered, Modes are listed in
' Table 2; no. complete majdr element silicate analyses are

available for these rocks,
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. Tom Miner Body. |
The Toﬁ Miner body contains a phenocryst asseﬁblage of
plagiociase, hornblende, biotite,‘mégnet;%eg and quartz.
The plagioclase is very calcic gndeSiné;'Ititypically is
present as 1 to 3mm clﬁstersiqf-elOngate ¢rysfals wifh-
slightly rdqnded outlines, The grains show oécillatofy and

a slight amount of patchy zoning. The hornblende crystals

~are .5 to 3mm long and are élightly dorrdde&'and rimmed by

" a black opagque mineral, Most of thé‘hornblende grains -

contain a little feldspar and magnetite. A few of the
hornblende crystals are at least partially surrounded by
plagioclase, Biotite appears as 05 to. 2mm euhedral flakes

which are only weakly rimmed by the opaque mineral. Some of

" the biotite seems to be an alﬁeration"product'of the

hornblende. The biotite generall& contains a little
feldspar and magnetite, and some of the flakes are inter?
grown with plégioclase pheanrysts, Magnetiteztypicailﬁ
crystallized as very small sﬁbhedral,grains'scathered
throughouf_the groundmaés. Quartz, where present, tends tb
form small 1mm aggregates of ,2mm anhedral grains, They
show no signs of resorption, The groundmasé’bontains'
quartz, K-feldspar, plagioclasé‘micrélifes,:magnetite, and

gléss; the texture is trachytic'néar~ﬁhe cohtéctsvof‘the“
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stock and hyalopilitic towards the cenﬁer; Representative
modes are glven in Table 2; no chemical analyses are
available for this body,

Cinnasbar and Mol Heron Intruéivés_

The Cinnabar Basin and Mol Hefon Creek dagcites contbain
phenocrysts of qalcic andesine, hbrnblende, biotite, a
little magnetite, and a few quarté gfaihs, The. andesine is
preseﬁt as 1 to Smm euhedral and bfoken prystals which"
_which disblay well developed ogcillatory zoning and minor
patchy zoning., Some feldspaf grainé,are intergrown with
nornblende or biotite, The hornblende is typically
corroded and broken; much has been sither calcitized or
hemafized. Thé fresh hornblendé displays brown pleochroism .
and has a reactlon rim of a very flne gralned opaque
mineral, Some of the grains contain 1nclu31ons of feldspar,
Where hornblende is intergrown w1th plagioclase, the graln'
boundaries are anhedral, The hornﬁlende.érystals are from
.5 to 3m léng. The biqtite in theéé rocks generélly forms
1mm euhedral flakes, but in blaces_it_apﬁears to have
replaced-hbfnblende} Somelof the-biotife flakes are
partlally encircled by plagloclase, The blotlte commonly
contains feldspar and magnetite, but the flakes are not .

rimmed by opaques. Small subhedral grains of magnetlte are
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scattered through the groundmass, @Quartz can be .found in
only a fewfsnecimens; in these it is in the form of emell
(o1 to 1.0mm) grains which have been-partiallyfresorbed
The groundmass is trachytic to hyalopllltlc and evidently
contains quartz, K-feldspar, plagloclase mierolites, and
glass, Representatlve modes are listed in Table_2, no
chemical analyses are available'forfﬁhese rocks,)
| Little Trail Creek Complex

The dacite from Little Trail Creek contéins phenocrysts

of calclc andesine, hornblende, blotite, magnetlte, and

quartz, The dndesine forms 1 to lmm euhedral ‘and broken

grains with oscillatory and some patchy zoning. Portlons of

many grains are.selectively calcitized. The'hornblende has-
been replaced by calcite and limonite, but outlines of
opaque rims suggest that the Litfle Trail. Greek dacites
contained ,1 to .2mm gralns of broken and slightly corroded
hornblende, Blotlte is generally fresh and forms euhedral -
flakes which are 1 to 3mm across, These flakes typically
contain slight amounts of feldspar and mdgnetite, and lack
opaque rims. Some of the biotite is intergrown with
andeeine,-but most of it is entirely surronnded by the’
matrix, Small subhedral magnetite grains.ére disseminated

throughout the matrix. A few small quartz grains are
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partiall& resorbed, but more cdmmoniy tha'quartz grains in
these dacltes are small Tmm aggregates of o2mm anhedral
grains, The groundmass is generally a trachytlc mixture of
quartz, K-feldspar, plagioclase microlites, a:nd‘glass°
Limonite is‘present in some speeihens as staihihg, Modes
are listed in Table 2; no chemlcal analyses are available

for rocks of thls area,




PETROLOGY . -
The chemical and modal data: in the precedlng sectlon

indicate that most of the 1ntru31ves in the- northern,

Gallatin and western Beartooth Ranges-are rather similar to.

each other, -The major differences.which exist are related
prineipally to the reaction textures of the pheﬁocrysts,
Experimental sbudies of the crystallizatien.trends'in_
andesitic, dacitic, and rhyelitic magmas under various
Piotal and PH o conditions (T.H, Green and Rlngwood 1968;
Green, 1972; Stern and Wyllie, 1973; Lambert and Wyllie,
197l; and others) seem to help explain many of the modal

and textural relatlons which were observed in the da01tes

of the present investigation, Under dry conditions at high

pressure (30kb), quartz is the 11qu1dus phase in liquids
with comp051t10ns ranging from rhyollte almost to andesite
(fig. 23), If anhydrous conditions are malntained while
preesure'is lowered, the quartz stability field leaves the
liquidﬁs end migrates towards the solidus; at 18kb quart%
is still the liquidus phase in dacites but it is post-
liquidus.in andesites, At 9kb euartz is ohlj:a 1iquidgs
phase in rhyodacite where it coprecipitates with'plagio-'
clase (fig. 2L, 25, 26) (Green and Ringwoed, 1968), The

addition of water has a profound effect on the.stability'
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fields in-the;e systems. At 30kb, just two or éhree pefcenﬁ
of water drastically lowers the liquidus and solidus |
boundaries (Green, 1972; Stern and Wyllie, 1973) and
resﬁricts liquidus quartz to very silicic ceﬁpositions
(fig° 23) (Stern and wyllie; 1973). Greenis (1972) work
with andesites at various pressures -and water concen- :-
trations indicateé that.the first'appearahce.of quartz ié
greatly delayed in'the.présence of even only a few pegcént
water (fig. 27). He reports that water also has similar
effects on the appearance of plagioélése; while it is a
liquidus or near liquidus phase ih éndesiﬁe:at ﬁressures up‘
to 18kb in anhydrous conditions, 5 percent wéter completely
© removes plagioclase from the liquidus S0 thét it is
retained in the melt evén at very low pressures. While
water in andesitic magmas delays the crjstallization of
quartz and plagioclase:and tends'to restrict these minerals
-to low pressures, it has been found to promo#e early
appearance of amphibole at pressures up to almost 25kb
(fig. 27) (Green, 1972; Lambert and Wylliéb,fQTA). With
slightly less than 5 percent water at intérmediaté
pressures,:amphibole fbrms béfore plagioclase and well
before quartz which is almost restriqted to the solidug

ﬁnder these conditions, Green's data indicate that in the
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presence of’ water, plagioclase forms before amphlbole only
at near surface pressures; at shallow to 1ntermedlate
depths amphlbole should precede plagloclase in the presence
. of water He also noted that at 1ew (but ev1dent1y not
extremely 1ow) pressures there is a fraetlonatlon trend
which tends to increass Na/K. o -

Yoder :(1969) and Green (1969) have studied the effects
of pressure and water content on the alblte anorthlte
system, and have concluded that a decrease in the total
pressure or'an increase in the water pressure wh;le
tem@erature remains constant wiil cause‘e.more celcic
plagioclase to crystallize (fig, 28)°-Therefege one might
expect piegioclase'which formed at shallower depths or
under more'hydrous conditions to be more ealeic than
plagioelaée which cryStallized'in similar rocks but aﬁ
greater depths and/or under anhydrous conditions.

These experimental studies give us a framework to use in.
evaluating the observed characteristics of the dacites of
the northern Gallatin and weeﬁern-Beartooth Ranges. Because
the lower Dry Creek, Big Creek, ?oinb of-Recks, Mill Creek,
Emigrant Peak, Cinnabar-Ml Herén;:gnq Little Trail Creek
dacites all contain partially.reserﬁedﬁqﬁartz phenocrysts,

their magmas all probably started to crystallize under
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anhydrous conditions of at least 18kb pressure (60km), The

presence of partially resorbed Quartz phenocrysts further
implies that the rates of ascent and cooling of these
-magmas were'rapid enough so that the resorption:reactions
were halted by: solidification of the rocks or'by re-entry
into the quartz stability field before complete resorption
was accomplished |
The two shallow intrusions on Mbose Creek ev1dently had'
a sllghtly different crystalllzatlon hlstory. The similar
: chemlcal,.modal, and textural characterlstlcs of these
probably nearly contemporaneous bodies suggest that they
may have originated from a mutdal source, Both of these
dacites lack any evidence of early quartz whlch would have-
indicated early crystalllzatlon at deep anhydrous
conditions, The high groundmass percent in the modes
(Table 2) of both of these bodies suggests'that they were
quenched falrly ‘rapidly upon emplaceiient; the northern :
intrusive evidently cooled even more quickly than ‘the -
southern one, Both of these dacltes contaln a normal amount
of amphibole'ln comparison with the other bodies studied,
but‘they are low in'plagioclase phenocrysts. The more
rapidly chilled northern 1ntrus1ve contains. fewer feldspar

phenocrysts: than the southern one, ‘This suggests that
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_amphibole crystallization was neaﬁiy completed by the time

of emplacement, but plagioclase had only begun to grdw b&
that time, The chemical compositions of thesgfrocks also
differ slightly from those of the oﬁh@r analyzed bodies in
this study; the Moose Creek intfhéives.both'hgve a higher
than usual sodium content (Table 3),'In view qf the '
experimental results of Greeh'gnd Ringwood (1968), Gfeen
(1972), and Lambert and Wyllie (197l) présented earlier,
‘the observed features seem to suggest that cfﬁstallization
of the Moose Creek magmas'bégén at m@derately shallow or
intermédiatg dépths under hydrouS<conditioﬂs( This .
intefﬁretétion seems to be supporfeﬁ by fhe'feldspars also;
they aré:dohsistentiy_small, euhedral, and eséentia11&
uniform‘in.éompdsition, and they are- three o five pereent
higher in anorthite content than-the»feldgpars:of most of
‘the other bodies.’ | | - :

The Tom Miner intrusive, which also lacks evidence of
early quaftz, contains feldspars which are similarly high
' in anorthite coﬁtent; perhaps this dacite has a crystalli-
zation history similar tg those of the Mbose Creek bodies;'
The modal differences betwéen the Toﬁ Miqer and the Moose
‘Creek dacites may mainly reflect a d@eper émplgcement dEpth

which allowed the Tom Miner rocks.té-grow'mofe‘late
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feldspar phenocrysts

In contrast to the Moose Creek intrusives, the dac1tes
which contain partially resorbed quartz grains (fig._22)
were evidehtly drier and deeﬁer wheh they first began fo
crystalliée. The amphibole‘and’bietite‘in them.indieates

that their magmas must have acquired water . as they roee.to

‘the surface. The resorbed cores and'reletively more calcic

rims of the larger plagioclaee‘grains in the Big Creek and
Point of Rocks dacites (fig. 21) suggest that some of the
plagioclase had started to crystalllze prlor to the ascent
of and 1ntroduction of water to these magmas,

The fresenee of high pressure_enhydrous geeemblages in
some bodies and the absence of such reﬁnants in others does
not. rule out the possibility thatwtheee'magmas may still
have had similar origins, In fact;~the remarkable similar-
ities 6fftheir chemistry end moet petrographiec character-
istics suggests that they did have similar oriéins. The
minor differences which can be observed probably developed
as the result of differences in their emplacement histories;
magmas which rose and solidified quickly probably retained
some remnanfs of early duartz and more sodic feldspar,

while magmas which rose more slewly'or paused longer at

- intermediate depths where water Was¢§dqﬁired probably
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completely resorbed any crystals which had formed earlier
1n deeper and drler condltlons,--;e

The hlgh pressures and anhydrous condltlons 1ndlcated
by the early phenocrysts in some of these dacltes suggest
that the magmas originated in“the upper mgutle or lower
crust, The presence of later‘hydrous,phaSes'Such as
hornblende indicate that the"magmas acquired water during
their asceﬂts; a logical source fOrvthis water would seem
to be the Precambrian basement rocks in the crust.

The unusual large zoned albite- crystals in the coarser-
grained portions of the Emlgrant Peak group A da01te are
thought to be porphgroblasts. The cummlngtonlte needles
observed in the muscovite in these dacltes 1ndlcates that

these rocks:have been subJected'to amphibolite facies

‘metamorphism which could have produced the albite. -

porphyroblests, This metamorphism probably happéened during
hydrothermal mineralization of the stock.as was suggested

by Basler (1965).




- RELATION TO REGIONAL VOLCANISM.

Recently, Lipman and others (1972) pfoposed that the
Absaroka-Gallatin volcanic provinee may have formed over an
eastward-dipping subduction zone which %he& pietured as
extending all along the Rocky Mbuntain"front” They noted a .
general eastward increase in potash content across, the
front and suggested that thls trend 13 comparable to the
trends in potash contents in thervolcanlc rocks of island
arcs which have been described by & ﬁﬁo (1959), Hatherton
and Dickeneon (1968, 1969), Diékensen (1972),'and others.

In support of this hypotheéis they cited a paper by

Chadwick (1970) which had noted that the eastern eruptive

belt of the Absaroka-Gallatin volcanic provinceAtendsAto be

more potassic than the western belt, Aetually, this ‘trend

is poorly defined in the Gallatin and weétefn Beartooth

Renges (fig. 29), and Chadwick (1970) and L,L, Love (1972)

- have pointed out that the potash content of rocks of the

eastern belt is highest in the southeasterh portien of.that
belt These rocks comprise most’ of and are malnly =
restrlcted to the Sunlight group of Smedes and Prostka
(1972), and Love (1972) has suggested that these shoshon=
itie rocks should be eonsidefedfas‘a distinet subprovince-l

of the'Absareka-Gallatin volcanic provinee...LOVGZfeels
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that the island arc analogy is strained because the

Sunlight.ropks are the intermediate age'group in the.
province, while the'potassic rocks in. a typical island arc
system geherally'appear late in the volcanic history'of.theA
arc. Recent syntheses of radiometric dates of Cenozoic
rocks. in the northwestern United States.(Armstrong and
Higgins, 1973; Armstrong, 1974) also tend to cast doubt
upon Lipman and others' subduction zone hypothesis. On a
map drawn by Armstrong and Higgins (1973), iéochrones which
represent the beginning of_éndesitic volcanism in the
northwestern U,So'generally trend east~wesf and decrease in
age from north to south, Age dates from'various localities
in'the Abéaroka-Gallatin province_(Ghadwick, 1970; Smedes

and Prostka, 19723 and L.L, Love, 1972, 197&) seem to fit

well with this pattern, Armstrong (1974) reports that

similar rocks which are time-correlative with the Absaroka-
Gallatin volcanics probably extend at least as far west as
the eastern edge of the Columbia River basalfs at Council,
Idaho. Ihstéad of the north-south trend implied by Lipman |
and others! subduction zone theory, radiometric dates of
volcanic and plutonic rocks suggést ﬁhat during the early
Cenozoic an .east-west trending wave of igneous activity

swept across mach of the northwestern part‘of the country.




SUMMARY AND CONCLUSIONS | ', E

The decitee of the Gallatin and‘western Beartooth Ranges |
are shallow intrusives of earlj to middle Eocene age which
typically form small domes, stoeks, and plugs where‘they
have 1ntruded Absaroka-Gallatln volcanlc rocks, and . _
. generally form sills and. 1accollths where they ‘have -
intruded Paleoz01c and Mesozoic sedlmentary sequences, With
the exception of the sills and laccoliths of the Gallatin
Horst, the intrusions post-date extensive displacement
aloﬁg major.faﬁlts in the area, and the locations of the
‘intrusives are probably governed By the faults. Two sub-
parallel lines of northwest-trending, hortheast-dipping
reverse faults, the Cherry Creek-Squew Creek- Coeke dity-
Rattlesnake MEuhtain trend and the Spanish Peaks-Gardiner
trend, seem to have been the most important coneroiling
influencee on the locations of the intrueive and eruptive
centers bf the province. Where the two nerthweSt trends
approach each other in the northern Galletin Range, the
northeast trendlng Mbose Creek thrust fault ev1dently was
also an important controlllng factor, waever, the north-

east trendlng Deep Creek normal fault and the postulated

Big Creek-Point of Rocks fault probably weﬁe.subordihate

to the Squaw. Creek-Cooke City trend in eohtrolling the
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locations.ef igneous activit& in these areas°

The Gallatin'ﬁbrst seems to be unique because most of
the intrusives within .it seem to pre-date the major faults
in the area. Rather than belng controlled by the faults,
the Gallatln Horst intrusives seem to have controlled the
formation of . the horst. It is thought that as the Gardiner
fauit plastieallytdeformed the sedimertary'recks on its
south side into a synciine,.normal faults develéped elong,
the margins of the.ihtrusive-filied‘Gallatih anticline
which was too rigid to be flexed, |

The dacitic intrueivesAof the northern Gallatin and
western Beartooth Ranges are very similar petrologically.
Mbst of the differences between them are textural differ- :
ences which seem to reflect slightly different rates;ef
magma ascent rather than radically different ihitiel'source
material, The presence of remants of high pressure
anhydrous crﬁstailine phases in most of these dacites
suggests that their magmas'originated in the upper mantle
or 1ower crust The presence of 1ntermed1ate to relatlvely
low pressure hydrous phases indicates that the magmas
acquired water as they rose through the crust. This may
have beeﬂ derived'frem the Precambrian basement‘rocks. Mbst

of the magmas seem to have risen through the crust fairly




| _ ol
quickly because most of these rocks conbtain remnants of
high pressure-low water content~liquidus bhaSes which would
have been unstable phases during the ascent of the magmas.
However, the two Moose Creek bodies and the Tom Miner.
intrusive which do not-contaln any relects of these deen

anhydrous phases prebably rose more slewly and any early.

-quartz or plagioclase which had crystallized was,completely

resorbed by these magmas at hydrous internediaﬁe depths,
The spatial, temporal, and magnetic characteristics of
the dacite intrusives in the northern Galiatin and western

Beartooth Ranges are summarlzed in flgure 30, From this, 1t

can be seen that at least four intrusive episodes have

taken place in this area; one was during late Golmeyer
Creek or early Hyalite Peak-time (upper Dry Creek), another
was during mid-Hyslite Peak time (north and south Moose
Creek, followed (%) by Point of Rocks and pos31bly Emlgrant
Peak), another group was emplaced during magne?ically
reversed late Foriress Pbuntain—early Mount Washburn time
(Big Creek, lower Dry Creek, Cinnabar-Mol Heron, and Little
Trail Creek), and at-least one later episode during post-
reversed Sunlight time (Mill Creek, Tom Miner, and possibly
Emigrant Peak). At leaét one other earlier episode can be

inferred from dacite clasts which are contained in early
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Golmeyer Creek volcanics which were described by Chadwiqk 
(19692,
| ‘ﬁéview of spatial-temporal-compositionél variations in
the Absaroka-Gallatiﬁ volcanic province dbeé'not lend much
support to Lipman and otherst hypothesis‘that the province
, formed over an eastward or'nértheastward dippiﬁg paleo~
subduction. zone analogous to éontemporary circum-Pacific
destructive plate boﬁndaries; In fact, recent syntheses of
rédiométfic déﬁa for the northwestérn United States
(Armstrong and Higgins, 1973; Armstrpﬁg; 19?&).suggesﬁ that
ﬁhe provinde formed at.the eastern end of an east-west
trending wave of igneous actiﬁity which sweﬁt southward
during eariy to mid-Cenozoic time. The gebchronologj of
the Absaroka-Gallatin volcanic province fahadwick, 1969;
Smedes and Prostka, 1972; L.L, Love, 1972, 1974)‘seem$ to

be in agreement with this  interpretation,
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APPENDIX

NRM orientations for intrusive bodies of the Gallatin and
western Beartooth Ranges, Equal area plots show the
position of the north-seeking pole., Solid symbols = lower
hemisphere; open symbols = upper hemisphere, Circles =
measurements made with a portable fluxgate magnetometer;
squares = final orientations in specimens treated with AC

current with a field strength of at least 250 oe, and

measurements made with a laboratory astatic magnetometer,

Southern Moose Creek Northern Moose Creek




Upper Dry Creek Lower Dry Creek

Big Creek Point of Rocks




Mill Creek

Tom Miner

100

Emigrant Peak

Cinnabar Basin




Mol Heron Creek Little Trail Creek

Black Butte Meldrum Mountain




102

Rainbow Lake

Bunsen Peak




_ . REFERENCES CITED )
American Association of Petroleum Geologists, 194,

Tectonic map of the United States,'

Armstrong, R.L., 197, Geochronometry of. the volcanic-
plutonlc eplsode 1n Idaho: Nbrthwest Geology, Vo 3,
P, 1~ 15

Armstrong, 'R,L., and ngglns, R, E,, 1973, K-Ar datlng of
the beginning of Tertiary volcanlsm in the Mo jave
Desért, Califirnia: Geoi. Soc.:America Bull., v?_SA,
p.1095-1100, | o |

Basler, A.L., 1965, Geology of thg‘Emigfant Peak iﬁtrﬁsive‘
compléx, Park County, Montana: unpub. M,S. thesis, |
Mbntana'State ﬁhiv., Bbzeman, 52 Po

Bonini, W.B., Kelly, W.N., Jr., and Hughes, D.W., 1972,
Grav1ty studles of the Crazy Mbuntalns and the west .
flank of the Beartooth Mbuntalns, Mbntana° 1n Montana
Geologlpal Soe,, 21st aAnn, Geol, Conf,, D. 119-127°

Brown, C,W,,.1961, Cenozoic strafigfaphy‘and structural
.geology,.horthwest Yeliowstpne Nﬁtional Park, Wyoming

~ and Nﬁntana: Geol, Soc, America Bullg; Vo T2, Ps 1173~

1193, | o |

Chadchk R, A., 1965, Volcanlc vent complex at Point of

Rocks, Gallatin Range, Mbntana (abs): Geol, Soe.,.




10k
America, Rocky Mtn, Sec., 18th aAnn, Mbg., p.28.

1968, Sﬁructﬁral and chemical relationships in the
Absapoka-Gallatin voleaniec province, Wyohing-ﬂbntané~'
(abs){“Geol, Soc, Aﬁericé, ?rog. Ann, Mfé;,-Mbiico l
City, p. 50-51, .

1969, The northern Gallatin Range, Montana: ﬁopthe
western part of the Absaroka-Gallatin volcanic field:
Univ. of Wyoming, Contr. to Geol,, v..8, p. 150-166,
1976, Belts of eruptive centers in the Absaroka— ‘
TGallatin volcanié province, Wybming-Mbntané: Geol, Soc;
America Bull,, v. 81, p. 267-27L.
Dickenson, W,R., 1972, Eﬁidence.for plate tectonic regimes
in the rock record: Am,.Jbur. Sei., v, .272, p; 551—5769
Foose, R.M., Wise, D.U., and Garbarini, G.S., 1961,
Structural geology of thé‘Beértooth Mbuntains,AMbntané.
and.wyomong} Geol, Soc, America Bull,., V., 72, p. 11l43-
1172, |
Fréser, G.D., Waldrop, H.A., and Hyden, H.J., 1969,
Geology of the Gardiner area, Eark County, Mbntana:-
U,5, Geol, Survey Bull, 1277, 118 p. |
Green, T.H,, 1969, High-pressure experimental studies on

the origin of anorthosite: Canadian Jour, Earth Sci.,

Vo 6’ b. Ll-27"L|J-l-Oo




105 |
1972, Crystaliization of ealc-elkalihe andesite underv'
oontrolled high-pressure hydrous conditions: Contr.
Minersal, and Petrol,, v.3l, p. 550~166?" |
Green, T,H,, and Ringﬁood, AE., 1968, Genesis of the Galc-
alkaline ingeous rock suite. Cont:; Mineral, and
Petrol., v.18, p, 105-162, o
Grose, L,T., 1972, Major tectonic units [of the Rocky
Nbuntain Reglon] (map)- in Roeky Mtno Assoc,-*
Geologlsts, Geologic Atlas ‘of the Rocky Mbuntaln .
Region, po 37. e
Hague, A,, Iddings, J.P., and Weed,_w.H,; 1899, Geology of
YellewStone.National Park: Pt.II;'Descriptive geology,
petrography, and paleonﬁelogy; U.S, Geol. Survey Mon,
32, po 1-439. |
Hall, W,B., 1961, Geology of the upper Gallatin Valley of
southwestern Montana: Unpub, Ph,D, thesis,_Univ; of
Wyoming, Laramie, 239 p, e
'Hathertdn, T,, and Dickenson, W, Rg,,1968 Andesitic
volcanism and seismicity in New Zealand Jour, Geophys,
Research, V. 73, Do 4615-4619
| 1969, The relationship between and631tlc volcanism and
selsmlclty in Indonesia, the Lesser Antllles, and other

1sland.arcs: Jour, Geophys., Research, v,?h,po5301—5310.




106 ‘
Horberg, L,, 1910, Geomorphlc problems and glaclal geology

of the Yéllowstone Valley, Park County, Mbntana' Jbur.
Geology, v. 48, p.275-303, | '

Iddings, J,P,, 1891, The eruptive rocks of Electric Peak
and Sepulcher-Mbuntain:hU;S. Geoi.'Suréey; 12th Ann,
Report, p. 577-66l, o o

___;_ﬂ90h, A fracture valley system (Mbntana) Jour,
Geology, V. 12, p, 94-105,

Iddlngs J.P., and Weed, W.H,, 189, Livingstén Folio'_

, U, S Geol, Survey Geol. Atlas of the United States,
Folio no, 1.

Kuno, H,, 1959, Ofigin of Genozoic‘petfographic provinceg
of Japan and surrounding areas: Bﬁll; Voleanol,, v. 20,

_ p, 37- ~76.

Lambert, I Bo, and Wyllie, P, Jo, 1974, Melting of tonalite
and crystalllzatlon of andesite liquid with 6xcess
water to 30 kilobars: J'our° Geology, v.‘82, Po 88- 97°

Lipman, P,W,, Prostka, H.J., and Chr;stlgnsen, RsLo, 1972,.
Cenozoic volcanism and plate tectonic evblutioﬁ of the
western Unifed States: I.-Early'and middlé Cenozoic:
Royal Soc, London Philos. Trans., v. 271, p. 217-248,

Love, J,D,, 1939, Geoiogy along the,southern'mafgin of the

Absaroks Range, Wyoming: Geol, Soc, America Spec.




| 107
Paper 20, 13l p,
Love, L,L., 1972, The dacites of the Washakie Needies,‘

_ Bunsen Peak, and the Birch Hills, Wyoming, and their
relation to the Absaroka-Gallatin volcanic province:
Uhpnb. M,S, thesis, Univ, of New-Mexieo,'Albuquerque,
86 p. | |
-197&,'Pefrochemica1 and age trends in the Abseroke-
Gallatin voicanic province (abs): Am, Geophys. Union'

Trans., V. 55, p.487,

 McMennis, W.J., and ChadW1ck R. A,, 196l, Geology of the

Garnet Mbuntaln Quadrangle, Gallatln County, Montana:
Montana Bur, ‘Mines and Geol. Bull, L3, u7‘po

McMannis, W,J., Palmquist, J.C., and Reid, R.R., 1971,
Structural evolution of the north. Snowy Block, |
Beartooth Mountains, Montana: Geol,'ms_oc° America Abs.,
V.3, no, 6, P. 395-396., o

Peale, A,C,, 1896, Three Forks,Fbiio (Mbntana):“U.S, Geol,

Survey Atlas of the United States, Folio no. 2&, 5 Po

" Ruppel, E T., 1972, Geology of the pre- Tertlary rocks in

the northern part of Yellowstone Natlonal Park,

Wyomlng U,S, Geol, Survey Prof Papar 729~ A, 66 po

Smedes, H,W.,, and Prostka, H J., 1972, Stratlgraphlc

framework of the Absaroka volcanlc supergroup in the




108
Yellowstone National Park region: U,S, Geol, Survey
Prof Paper 729~ C 33 p. | |

Stern, C.R., and Wyllie, P.J., 1973, Mbltlng relatlons of
basalt-andes1te-rhyollte~Héo and a pelagic red clay at
30 kb: - Gontr, M‘:Lneral° and Petrol,, V. MZ, P. 313-323.

Todd, S.G., 1969, Bedrock geology of the southern part of
Tom.Nhner Ba31n, Park and Gallatin Gountles, Mbntana.
Uhpub, M,3, thesis, Montana Statethiv.,.Bozemén, 63 Po

_ﬁ_;;1972,'Bedrock'geology of the southern bart of Tom
Miner Basin, fark and Galiatin‘Gqﬁnties,HMbntanaﬁ-
Northw;\rest' Geol., V. 1, po38-L1,

U.S, Geol. Survey, 1972, Geoloéical.map of Yellowstone

' National Park: U,S, Geol, Survey Misc,‘Geolo Inv, Mép
I-711, | - |

Van Voast, W,A., 196l, General geology and'geomorbhology'

. of the Emigrant Gulch~Mill Creek area, Park‘Countj,
Montana: Unpub, M,S, thesis, Montana State Univ,, |
Bozeman, 65 D, o

wilson, C.W., JR., 1934, Geology of the thrust fault near -
Gardiner; Montana : Jbuf Gédlogy, v, 42, po 6L9-663,

wilson, J.T., 1936, Geology of the Mill Greek Stillwater -

.area, M@ntana: Uhpub. Ph D° thesis, Prlnceton Univ,,

Princeton, New Jersey.




109
Witkind, I.Jd.,, 1969, Geology of the Tepee Creek Quadrangle,

Montana-Wyoming: U,S, Geol, Survey Prof, Paper 609,

101 p, | o
deer,'H;S., Jr,, 1969, Calc-alkaline andesites:

Experimental data beafing on the origin of their

assuﬁed characteristics: in Procedings of the Andesite

Conference, Oregon Dept..GQology and Mineral industries

- Bull 65, p.‘77-89,




oz /77
Vod 3 8
SCEN

Plate

GEOLOGIC MAP OF

MONTANA AND WYOMING

BOZEMAN ?fjf

LIVINGSTON

20
J

Intrusive dacite
& related rocks
u -
MILL CREEK FAULT g —
- — e cm— S— D
foieon s s
o N ; : -
................... Little
--------------- ‘Trail Cr. 5
28
4
S
=2 YELLOWSTONE NATIONAL  PARK
F
0 MONTANA
3 T L —
= = e WYOMING
0 5 10 15
[ — = N
miles

Absaroka

Supergroup

Volcanic

THE ABSAROKA VOLCANIC ROCKS OF THE GALLATIN AND WESTERN BEARTOOTH RANGES,

EXPLANATION

Sunlight Group

v
Eocene

KWushburn Group

Pre & post volcanic rocks
,——‘_’
Thrust or reverse fault,
teeth on wupthrown side

: u -
N

D

Normal fault
Sources:
Chadwick, 1969
Fraser and others, 1969
Iddings and Weed, 1894

McMannis, preliminary data
McManni. ana Chadwick, 1964
Smedes and Pros k
Todd, 1969

U.5.G.S., 1972

, 1972




Plate

Yellowstone

National
Park 10 (

20 40

MILES

ABSAROKA - GALLATIN VOLCANIC

TECTONIC MAP OF

THE
PROVINCE

EXPLANATION

Absaroka
Volcanic Supergroup

/h—hd’

Normal
hachures on

PRINCII AL

VO NOOMEWN—-

Chadwick,
Love and
McMannis

Smedes and

Eruptive
intrusive

% Ovutline of
kvolcamclesﬁ:

teeth on

4

centers and
rocks

and

L
)

Oligocene

volcanic

Eocene

rocks

—

et

Reverse or

fault
side

thrust
upthrowr

=

fault

do vntnrown side

ERUPTIVE CENTERS

Gallatin dike swarm
Rocks

Peak

Northern
Point of
Emigrant
Independence
Cooke City
Crandall
Sunlight

Peak
Mt. Washburn

Electric
Sylvan Pass

Ishawooa

Kirwin

SOURCES

1970

others, 1955
Chadwick,
1972

and 1964

Prostka,

)

fr/‘{’ﬂ/

74 3822 g

N

p
&

ﬁ‘/ /7 C
SLEN



lll!lWIIHll!llllﬂlllll!ﬂllﬂlﬂllllﬂ lim J

1 0015466 3




