Regional Gravity Survey of Western an

A regional gravily survey of western and
central Montana comprising data from more than 2,700
grovily slations was interpreted by automated computer
lechniques, including use of least-square polynomial sur-
faces as opproximations 1o the regional gravity field.

The Bouguer gravity anomaly map of western and
central Montand shows o large northwest-trending gravity
low of —175 mgal across the fold-and-thrust belt of the
Monlana Rockies and fwo northwest-trending zones of
gravity confours that increase sharply eastward. One of
the zones is in the Lewis thrust area and the other is
east of the Disturbed Belt. An increase in the Bouguer
gravity anomalies confinues eastward from the Montana
Rockies to the Greatl plains of easlern Montana, where
gravity values of more than —355 mgal are found.

Two prominent northeast-trending residual  gravity
anomalies of -}-20 mgal in the western Montana plains
probably reflect igneous ridges al the top of the base-
ment. Northeast-trending residual anomalies of +20
mgal are associated with the Bearpaw arch; they are
believed to be reflections of large near-surface intrusive
hodies, perhaps cupola features of a deep-seated parent
body. Distinctive positive residual anomalies over the
Big Snowy and Women's Pocket uplifts and over the
Porcupine and Bowdoin domes are atiributed to uplifted
crustal blocks that produced arching in the sedimentary
sequence, Several significant negative residual anomalies
are believed to be expressions of structural basins be-
tween positive features. The general northeast trend of
the regional gravity anomalies of wesiern and central
Montana suggests a genetic relation with the pre-
paleozoic structural grain of southern Canada and the
north-central United States.

Abstract

INTRODUCTION

During the summer, and fall of 1963, a U.S.
Air Force gravity survey team, under my direc-
tion and supervision, conducted an extensive
gravity survey in western and central Montana
(Fig. 1). The survey of more than 2,700 grav-
ity stations, from approximately lat. 45°N to
49°N and from long. 106°W to 115°W, was
conducted as a geodetic feasibility study. After
initial data reductions by the U.S. Air Force,
the data were released to me. An additional
1,100 stations were observed subsequently in
arcas of northwestern Montana by U.S. Air
Force gravity survey teams and by members of
the Regional Geophysics Branch, U.S. Geologi-
cal Survey. More than 3,800 gravity stations
were covered, about 2,700 of which are in-
cluded in the Bouguer and residual gravity
anomaly maps (Figs. 2, 3).

Consideration of the regional gravity field of
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considered to be associated with the sm
large-scale basement and deep-crustal
inhomogeneities be separated from t
nounced anomalies associated with near:
localized density contrasts. Thus, the
gravity anomaly to be interpreted can D
sidered a filtered output of a high- or )
filter that corresponds respectively to a
regional feature. In my study, nonor
Jeast-square polynomial surfaces were
filter operators to determine the residua
anomalies. 2

The principal objectives of my stud
gravity field of western and central
were (1) to present Bouguer and resid
ity anomaly maps of the area (Figs. 2
(2) to present a structural synthesis 0
tectonic features based principally ©

gcologfc information. The Bouguer and re-
gravity anomaly maps presented are con-
#d versions of maps produced originally at
clof 1:500,000, which corresponds to the
< of }he “Geologic Map of Montana.”
: ;:ffmhc:mt gravity anomalies of western and
4 sal qutana were found in association with
; zallompg geologic features: (1) the Mon-
Rockies and associated Disturbed Belt
»; central zone of domes and monoclinai
c*; :md‘ (3) several major igneous fea-
‘if};’\ ;;igdntx"on, Iq1‘ge gravity anomalies, ap-
atly ‘4oc1f1ted with basement structures
¢ uhentified in the western Montana plains. ’

ATIOUS AN '
0Us' AND CURRENT GEOPHYSICAL STUDIES

:3&%;:?' (llata for Montana first were pub-
4;*5! z\lgc()llard (1958) and Behrendt and
o ?1‘), who worked on the gravity
M\g x}qlk of North America. More re-
j%;‘;guauon on the U.S. Gravity Network
e ‘1-{1(1 .Ro‘se, 1963) includes a general-
~ ?Lgrgx—gxavxty anomaly map of the state.
% beor CD; W E. Bonini and his students
iy d:t r.xﬁmg out extensive reconnais-
ol Al Oun‘?x ed gravity surveys throughout
@szc o lana. The results of several of
e ih 1‘av<’a b.een discussed in unpub-
/m‘(.‘ eses (Prpmeton University).
%,Mmtt’crpretanons for the Helena area
5&§2{1§Sadby Remc_k (1965). Burfeind
. 5.1(};0}? Igeoghyswal results from the
e o 11 .Blehler and Bonini (in
i Lh“ orking on a geophysical inter-
: the Boulder batholith, which in-
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Fio. I—Index ; i
map of area covered by gravity survey of western and central Montana

cl.udes an interpretation of anomalies associated
with the batholithic intrusion, and a review of
past and current information on the origin
isé;ucture, and emplacement of batholithic bod:
Und;r the direction of G. W. Crosby of the

University of Montana, gravity mapping
throughout western Montana, including an un-
derwater gravity survey of Flathead Lake, has
progressed during recent years (Crosby 1’968
personal commun. ). Gravity data for the’Bitter:
root Yalley of southwestern Montana are being
compiled by members of the Hawaii Institute
of Gcophysics, which also is conducting a study
of grgv:ty observations along a series of north-
trendmg profiles across the western United
States, including lines in Montana (Lawrence
Machesky, 1967, personal commun.).

Mudge et al. (1968) reported gravity, aero-
magnetic, and geologic information for eco-
nomic and tectonic features of the southeastern
part of the Lewis and Clark Range of western
Montana. Part of the gravity data in their re-
port are U.S. Air Force data that also are in-
cluded here. Additional gravity data obtained
by the U.S. Geological Survey have been com-
piled for the Bearpaw Mountains of central
Montana, the Lewis and Clark Range of west-
ern Montana, and the Boulder batholith area of
southwestern Montana (Mabey, 1967, personal
commun.).

Aeromagnetic and gravity data have been in-
terpreted for parts of eastern Montana (Zietz
anc? Hearn, 1969), and large-scale aeromag-
netic coverage for most of the Bearpaw Moug-
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tains has been released by the U.S. Geological
Survey. The Bearpaw Mountains survey did not
cover a large enough area to warrant integra-
tion with this study for a rcgional interpreta-
tion. Acromagnetic data for parts of the Mon-
tana Rockics were released in open file by the
U.S. Geological Survey in 1968, and both grav-
ity and magnetic data for this area are being
interpreted by members of the U.S. Geological
Survey and by me. Limited open-filé gravity
data of the U.S. Geological Survey were used
for part of the Lewis and Clark Range.

FreLo METHODS

In 1963, more than 2,700 gravity stations
and an associated base station network were €s-
tablished in western and central Montana. The
main field program was conducted by a U.S.
Air Force gravity survey team in support of a
deflection of the vertical (gravity) feasibility
test program. I dirccted and supervised ficld op-
erations as a Geodetic Officer and Party Chief.
As an additional support project, a survey of
lesser extent was completed in northwestern

- Montana by the U.S. Air Force in 1965; 387
gravity stations were established to provide ad-
ditional data for the base station network.

The 1963 field party consisted of four two-
man field teams. The gravity meters used for
the main survey were the Worden Master grav-
ity meters 615, 616, 617, 682, and 691 and the
LaCoste and Romberg geodetic gravity meters
43, 44, 47, and 43. Horizontal and vertical con-
trols were obtained principally from topo-
graphic maps and established level lines. Where
vertical control was unavailable, barometric al-
timeters were used.

Because of the requirements of the deflection
of the vertical study, the gravity stations were
selected with respect to their general location
and distance to the deflection sites. Thus, grav-
ity coverage was normally irregular in station
spacing. Gravity loops were tied to an estab-
lished base station network; maximum base sta-
tion loop ties for normal ficld operations did

not exceed 8 hours.

Dara ReEpucTION

Gravity reduction—Standard ~ gravity-re-
duction techniques were used to reduce the ob-
served gravity data to a datum of mecan sea
level. A standard crustal density of 2.67 g/cc
was used. The gravity-reduction methods were
programmed and all data were computer-pro-

cessed.
. it aerraehiane BV OUSE

of the Haylord-Bowie charts werc mad
stations in the Lewis and Clark Range
Lewis Range, the Sawtooth Range, the
wood Mountains, the Sweetgrass Hills, th
dith-Moccasin Mountains, and the Big S
c. Terrain corrections for an area
treme topographic relief in the
Range of western Montana averaged 6.
and ranged up to 21 mgal. :
Mapping and analysis methods.—G
data were located by field tcams on the |

scale topographic maps available. Ap)
of the station elevation
f bench marks, lev

sons and within 0.3
Actual compar-
i in the 1965 sur-

win 0.2 meal for base «
.3l for general station v

of gravity readings tak:
at gravity bases were within a standard er-
of 0.2 mgal with respect to the gravity base

o station network.—During the initial

& was cstablished that consisted of 67 sta-
a5 at prominent and easily accessible loca-
s throughout the survey area. Minimum
+ station requirements were two measure-
ats of the gravity interval and agreement
hin 0.3 mgal. Initially, the field teams tied to
ollard's (1958) airport stations for relative
vity values. During the later computations
1 base net adjustments, all base stations were
sedined and converted to the Great Falls M
am, which has an observed gravity value of
1,532.71 mgal.

mately 65 percent
established by means o
elevations, and spot elevations from the
graphic maps. The other station clevation
obtained from barometric altimetry. °

To facilitate station plotting and cont
of the data, a series of digital compute
grams that included basic gravity redt
station-location plotting, polynomial surf?
ting, gravity residual determination, mass
cling techniques, and general machine co
ing was utilized. .

The technique of le
surface fitting
the regional gravity field w
of the Bouguer gravity anomaly m
regional or computed surface was
residual gravity anomaly map. A brief d
tion of the mecthod has been given b

cvErR GraviTy ANomaLy Mar or
rstEry AND CENTRAL MoONTANA
ijs the regional Bouguer gravity
analy map of western and central Montana
wwn on a generalized tectonic base map. Thé
sonal grayity patterns reflect mainly density
~3nogyncnlics in the earth’s crust. The large
:‘urlacc density contrasts in the Montana
Xies are the result of Laramide uplift and
sting of Precambrian and Paleozoic rocks
5 anc_i over the surrounding Paleozoic and
wzoic sedimentary rocks. Two Precambrian
ous ridges at the top of the basement in the
fern Montana plains are responsible for
ytk@ast-trcnding positive gravity anomalies.
smal and monoclinal flexing in central Mon-
% i:as Emp!aced older and denser material in
tsct with upturned Paleozoic and Mesozoic
‘thcs.e relations are reflected by large posi-
gravity anomalies. Several near-surface
smide intrusions are reflected as smaller
*hive gravity anomalies.
% prominent feature of the Bouguer map is a
mﬁ'est-trending gravity
’ go(coki(ehsc %(ﬁgjand-thrust belt of‘ the Mon-
S ol Tt is*anomaly _has a minimum of
" gcn;m(;l\u t}tl}el mountain axis, and it coin-
%’est-t;x yl'\vx the.wes‘t flank of a large
e ending syncline in the Belt Series
f:;g:]aﬁ) gf the Lewis and. Clark Range.
N \I‘ ' ouguer 'anomahes associated
¢ Montana Rockies are more complex

ast-square  polyl

was used as an approxima
here the diff

Accuracy of data.—The accuracy o
gional gravity anom
by errors in station elevations, the exc!
terrain effects, the uncertai
and use of rock densities in reduction an
and the improper selec
d to describe m

alics is influenced

nty in the se

eling techniques,
limits and parameters use

Although elevation requirements Wt
restrictive away from the central area 0
tigation, field teams attempted t
strictest elevation requirements
areas. Most elevations determine
are believed to be accurate within 10 ft
of low to moderate topograph
30 ft for most stations in areas O
Elevations determined

marks probably are accurate to 1 ft; spo

tions probably arc accura
zontal positions for the general are
lieved to be within 0.1 minute for 80p
the stations; all of the stations are Wi

The probable accuracy of the gr

. 3 of the bas i -
for the complete survey is co e station descriptions and as-

gravity vy i
gravity values are available from the writer,

than th(_)se in the G ot Plains area on the east.
In particular, thev -oiicct dénsity contrasts in
the necar-surface .. Umentary beds-and in the
deeper crustal li. - The castward increase in
the Bouguer gr. anomalies associated with
thfz Montana I 2:s represents decreases in
thicknesses of th-  ar-surface beds and density
contrasts associai with the Lewis thrust and

the Disturbed Beit.

East of the Montana Rockies is an area of
closely spaced gravitv contours that corresponds
to the transition zone between the Montana
Rockies and the northern Great Plains. The
eastward increase of the Bouguer anomalies
from —150 to —110 mgal probably represents
an isostatic transition region of the upper crust
betweex} the mountain region on the west and
the plains on the east. Gravity models of this
feature suggest two crustal models: (1) the
introduction of a high-density layer into the
upper crust at the east side of the Disturbed
Belt that continues eastward through the Mon-
tana plains or (2) a marked eastward decrease
in the depths of the upper crustal layers. The
results of the modeling were not definitive, but
Fhe eastern limit of the abruptly changing grav-
ity contours (up to 70 km east of the mountain
front) and the model solutions suggest that
the lspstatic effects of the Montana Ro?:kies are
associated with significant structural changes
in the crust that affect areas larger than those
represented at the surface by known tectonic
features.

Prominent gravity highs trend northeast in
the northwestern Montana plains where two
large positive anomalies are located transverse
to the Sweetgrass arch. The anomaly associated
with the Scapegoat-Bannatyne trend has a maxi-
mum regional value of —75 mgal and the
northern feature, which begins in the Pendroy
fault zone area and parallels the Scapegoat-
Bannatyne trend, also is associated with a —75
mgal regional high. These large regional trends
probably are associated with igncous basement
features.

The gravity anomalies in the Great Falls area
reflect gentle structural features of the western
Montana plains and the igneous and domal
tectonic features associated with the Highwood
and Little Belt Mountains. In the n%rthern
Mo'ntana plains, igneous masses and associated
uplifts are shown in the Bearpaw Mountains by
Bouguer gravity anomalies of —80 mgal. The
Bowdoin dome is represented by a closure of
the regional Bouguer anomaly map, and is as-
sociated with a domal uplift of Laramide origin.
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Gravity anomalies associated with the struc-
tural elements of the Central Montana platform
are found in the Lewistown and Roundup
areas. The general features of this region are
represented by a group of local gravity highs
and lows, and by an cast-trending regional grav-
ity anomaly distribution that ranges from
—140 mgal west of the Big Snowy Range to
—70 mgal on the Porcupine dome,

Regional gravity anomalies associdated with
the Lake Basin fault zone were not detected.
This result probably is related to the lack of
density contrasts between the fault blocks, and
suggests that little vertical displacement has oc-
curred. The gravity data suggest that the Lake
Basin fault zone consists of horizontal displace-
ments in the sedimentary sequence that could
have been produced along a basement fault sys-
tem.

A regional Bouguer profile extending from
the northeastern part of the Montana Rockies
(near Kalispell) eastward for 540 km into the
northern Great Plains (Fort Peck Reservoir)
was studied for information on crustal struc-
ture. Modified seismic models were used as
control for gravity modeling. Interpretation of
the profile indicates that the seismic and gravity
data are compatible for two models that repre-
sent eastward dip along the Mohorovi¢ié dis-
continuity and for a third model that requires
westward dip. Interpreted crustal thicknesses are
40-56 km on the west and 50-58 km on the
east.

INTERPRETATION OF RESinUAL GRAVITY
ANOMALIES OF WESTERN MONTANA PLAINS

As an aid in interpreting the regional geology
and basement structure, the Bouguer gravity
anomaly map of western and central Montana
from lat. 46°N to 49°N and from long. 107°W
to approximately 113°W was analyzed by the
least-square polynomial method. The result is
shown in Figure 3, an cighth-degree composite
residual gravity anomaly map, which outlines
additional detail that is not apparent on the
Bouguer gravity anomaly map.

An interpretation of the geologic structures
of the western Montana plains is considered
here. The area covered is from lat. 47°N to
49°N and from long. 110°W to approximately
113°W. Two large parallel gravity highs that
trend northeast across the Sweetgrass arch in
the Shelby area are prominent in the western
Montana plains. The southeastern feature coin-
cides with the Scapegoat-Bannatyne trend. The

WGreelt o,

" becomes an alignment of structural high

Sirithi

aalies  extending  from northern Idaho
heastward approximately 300 mi into
sthern Alberta.
Alpha (1955, p. 133) reported that the base-
_.nt on the Genou segment of the Scapegoat-
.anatvne (rend may be as shallow as 3,000 ft
« the surface. Drilling along trend indi-
o5 that the basement rocks are porphyritic
site and trachyandesite. Alpha noted that
. weathered character of the igneous focks,
lack of metamorphism in overlying Cam-
4a and Devonian rocks in contact with base-
at rocks, and the overlap of the Cambrian
st a Precambrian age for the earliest de-
spment of the Genou part of the Scapegoat-
atyae trend,
Pata suggest, therefore, that the Genou
is rclated to igneous activity that began
g the Precambrian and produced erosional
before the Paleozoic deposition. The geo-
phic, structural, and geophysical relations of
Scapegoat-Bannatyne anomaly, compared
h those of the Pendroy anomaly, suggest
wzly a similar origin for the northern fea-

Scapegoat-Bannatyne gravity anomaly i
pressed by three positive gravity highs
have maximum residual valucs of +20
This large feature, which extends norfh
ward as a major trend of gravity highs fo
mi, has a maximum width of 20 mi’;
asymmectric. The steep flank is on th
west, where gravity gradients of up to
mi are found. '

A major feature northwest of the Sc
Bannatyne anomaly, characterized by the
ment of three positive gravity highs
near the Pendroy fault zone and cxte
mi northeast toward Alberta. The m
amplitude of residual anomalics associa
this feature is 415 mgal and the steepe
gradients are on the southeastern flanl
cause of the apparent relation of the nort
ern gravity anomaly to the Pendroy fau
the anomaly is designated the Pendroy g
anomaly.

Geologic evidence of the Scapegoat
tyne trend was published first by Alpha
p. 132-133) who constructed structu
tour maps, using as datum the base of
taceous Colorado Shale in the Banna
field area of western Montana. In additi
small structural high known as the Gen
has been defined on the northeast end
Scapegoat-Bannatyne trend.

Little has been written about either
two trends, and Alpha’s study (1955,
135) apparently is the only detailed re
the geology. According to him, the geolo
dence for the existence of the Scapego
natyne trend is a series of structural an
which is expressed as a transverse faul
the Scapegoat Mountain area and, alon|

w

he distinet linear alignment of the two
snalics with the associated large gravity gra-
ats suggests the presence of a well-defined
#palous body that has a large density con-
~-as great as --0.4 g/cc—with the andesit-
sod sedimentary rocks. The parallelism be-
s these two structural trends and the trans-
%2 igncous belt of central Montana suggests
#fic relation. The andesitic material may
¢ been intruded along preexisting northeast-
ling zones of weakness where it formed
4f <dikes and, perhaps, a limited type of lac-
thic doming at the top of the basement.
wdiary faulting, produced by the intrusion,
ably occurred in a complex basement zone
# represented by the Pendroy fault zone at
srface.

Ber small tectonic elements along the Pen-
fanomaly that attest to the presence of an
stous feature are the northeast-trending
ufes related to the Pondera and Conrad
Al and a small northeast-trending anticli-
fe;!txrc just south of the Kevin-Sunburst
- These structural features and the Lara-
¢ structural relations of the Scapegoat-
“#atyne trend suggest that continued activity
siad along the Scapegoat-Bannatyne and
Y trends during Laramide deformation
i%t there was limited intrusion and uplift.
#ten and parallel with the Scapegoat-

terminates with the Genou trend. Th
parallels the pre- and early Paleozoic stI
trends of central and south-central
the southern Canadian shield, and t
central United States. Similar trends a
present in Montana in the Bearpaw ar
east-trending faults and flexures of th
Montana platform, the northeast t
transverse igneous belt of central Mon
the Pendroy fault zone. In addition, !
geophysical evidence (Kanasewich, 196
northeast- to east-trending Precamb
parallel with the Scapegoat-Bannat
Pendroy anomalies, 125 mi farther
British Columbia and Alberta. Eviden
major structure includes magnetic an

-

Bannatyne and Pendroy anomalies is a large
negative anomaly with maximum residual grav-
ity values of —10 mgal. This anomaly appears
near the southwestern end of the Pendroy anom-
aly and extends northeast to the end of the
Scapegoat-Bannatyne anomaly. Probably this
anomaly was produced by relative downwarp
or by a downfaulted block between the two
structural highs.

The Kevin-Sunburst dome, a north-northwest-
trending gravity high, is a pronounced feature
of more than 410 mgal on the residual gravity
anomaly map. Evidence for the presence of
the Kevin-Sunburst dome southward across the
Pendroy and Scapegoat-Bannatyne trends is
masked by the larger northeast-trending anom-
alies, However, if the axis of the Kevin-Sun-
burst anomaly is projected southeast, it coin-
cides with positive peaks of the Pendroy and
Scapegoat-Bannatyne anomalies. Thus, the re-
sidual anomalies over the larger northeast-trend-
ing features may be composite anomalies pro-
duced by the effects of both the north-north-
west-trending and the northeast-trending fea-
tures.

There is no gravity evidence for the South
arch. However, a small north-northwest-trend-
ing positive residual anomaly just north of
Great Falls may be indicative of the presence
of a small structure related to the major fea-
ture. This anomaly has a residual high of ap-
proximately -5 mgal, but it is much smaller in
areal extent than the Kevin-Sunburst dome.

The igneous and domal features of the High-
wood Mountains do not produce a significant
gravity anomaly. A gentle east-trending gravity
high centered near the Highwood Mountains is
evident on a second-degree residual map (not
included here) of the western Montana plains.
Probably the broad regional anomaly associ-
ated with the Highwood Mountains igneous
features is related to a gentle basement uplift.
Limited station distribution in the Highwood
Mountains precluded a detailed gravity investi-
gation of the area.

A northeast-trending zone of negative re-
sidual anomalies is present south of the Scape-
goat-Bannatyne anomaly. This zone begins
northwest of Great Falls and extends northeast
for approximately 120 mi to its termination
northwest of the Bearpaw arch. The average
residual anomaly is approximately —5 mgal and
maximum residual values of —10 mgal are
found just west of the Bearpaw arch and north-
west of Great Falls. Comparison with the




“Structure  Contour Map of the Montana
Plains” (Dobbin and Erdmann, 1955) shows
the negative trend to coincide approximately
with a broad northeast-trending structural de-
pression. It is suggested that the negative trend
is the result of basement downwarping and
subsequent deposition, and that there may have
been basement faulting along the south edge of
the Scapegoat-Bannatyne trend and along the
northwest boundary of the Bearpaw arch.

INTERPRETATION OF RESIDUAL GRAVITY
AxomaLES oF CENTRAL MoNTANA

The residual gravity anomalies of the area
from lat. 45°45’N to 49°00'N and from
long. 106°45'W to 110°00’W are not as pro-
nounced as those associated with the basement
trends in the western Montana plains. The main
residual anomalies are primarily the result of
anomalous bodies associated with uplifts,
domes, and intrusive igneous centers. ,

The tectonic features of central Montana
were developed in the general area of two ma-
jor. east-trending sedimentary troughs—a Pro-
terozoic east-trending branch of the Belt trough
and an east-trending basin of deposition devel-
oped during the Mississippian. The coincidence
of the present major tectonic features in the
same area suggests a correlation with deep-
seated basement structures that have grown in-
termittently from the Proterozoic through at
least the Laramide orogeny.

The large domal uplifts of Laramide age in
central Montana were postulated by Eardley
(1962, p. 566) to be the result of primary ver-
tical uplift over deep-seated igncous features.
Gravity sliding of surficial material is a secon-
dary result. Eardley belicved that the uplifts are
the result of vertical movement that was pro-
duced by intrusions of large laccoliths in the
granitic layer of the crust. The parent magma is
thought to have been olivine basalt which,
while still molten, assimilated parts of the crys-
talline granitic basement to form a sccondary
magma that was intruded into the overlying
crystalline basement and sedimentary sequence
to form the alkalic Jaccoliths of central Mon-
tana. The extensive volcanic rocks, radiating
dikes, and sills may have formed contempora-
neously with the laccoliths, or perhaps later as
secondary features.

Thom (1923) suggested that the structural
features of the area are the result of vertical
uplift of the sedimentary sequence above deep-
seated crustal blocks which produced the pri-
marv unlift-houndarv faunlts and the oon=ral ex-
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4 sienificant positive o northeast of the
arpaw anomaly contines for at lcast‘60 mi
vhe Saskatchewan b . This large feature
not expressed on “Structure Contour
i of the Montana lans,” except at its
hwost termination, where it coincides with
. Bearpaw arch. Approximately 30 mi north-
. of the Bearpaw arch, the gravity trend
oadens into a +10 mgal residual anomaly
<t is suggestive of a northeast-trending struc-
.1 feature related to a basement zone of
.ness along which igneous intrusion and
~idiary basement doming may have oc-
sred,
The Bowdoin dome is expressed by a broad
nal anomaly of 410 mgal in the Glasgow
5. The anomaly is elliptical, up to 35 mi
. and is approximately 20 mi southwest of
. center of the dome. These relations suggest
t a deep-seated upwarping fold may be offset
whwest from the main surface expression of
sJoin dome. The dome probably developed
3 structural feature above a crustal block
1 was uplifted by an isolated igneous body at
tp of the basement. Evidence for an igne-
s origin of the Bowdoin dome was given by
woth (1953), who noted several igneous
¢5 on the dome. The location of Bowdoin
we near the trend of the Bearpaw arch sug-
23 that it may be related to the transverse ig-
s belt of central Montana.

here are no distinct regional anomalies over
Little Rocky Mountains. The principal rea-
for their absence is the limited station dis-
tion in the relatively small areal extent of
tectonic feature. A negative residual anom-
of up to —15 mgal north of the Little
24y Mountains has effectively masked other
siter anomalies in the area and possibly is
ated with part of the Coburg syncline.

% residual Jow of —20 mgal just north of
Bearpaw arch probably is related to a major
wawnt downwarp, which may be a signifi-
branch of the Coburg syncline. This large
5;‘:4?}' 13 suggestive of a downfaulted basin,
@xaally along its southern boundary.

Avily expression of the Blood Creek syn-
K thitcd to two small residual lows and a
high, therefore, it may not have a major
=Eent origin, The western low is aligned
imately northeast and is south of the
Ypaw arch, where a —10 mgal residual
*3‘ 18 coincident with the western part of
Yincline. The central expression of the
fffttk syncline at Jat. 47°15’N and long.
*PWs o west-trending low of up to —5

pression of domes and flexures. He infe
that the localization of igneous features i
tral Montana is related to injected magmag;
rose along principal cast-trending faults or
systems developed in the basement comple
Sonnenberg (1956, p. 78) suggested th
structural patterns represent graben-horst
tions that were developed in response to i
ring isostatic adjustment in the basement.
bly the sedimentary sequence reacted passh
to the differential uplift of the crustal b
and large drape structures such as those ¢
south flank of the Big Snowy Rang
formed. In addition, Sonnenberg postula
fault system trending northeast across the
of the Central Montana platform and inte
ing the fault systems described by Tho
form an area of weakness in which the ign
activity was concentrated. Gravity evideng
tests to the existence of the pronounced
east-trending features that were suggeste
Thom and Sonnenberg.
 The northern tectonic features of
Montana are represented by residual
anomalies in the Havre and Glasgow a
large northeast-trending elliptical ano
present over the Bearpaw arch. This ang
apparently developed in two positive segin
The western high of more than 20 mg
terpreted to be one product of a main all
intrusive body that acted as a feeder to
merous intrusive features along the
axis of the uplift and to the large surro
volcanic ficlds. South of the western go
high is a broad positive residual anomal
ciated with a large volcanic field.
(1957) suggested that the volcanic field
maximum thickness of up to 15,000 f
eastern high is not as large in magnil
areal extent, but it averages nearly 41
and is believed to bz associated with a d
kalic body that acted as a feeder for the
sive bodies on the eastern end of the upli
overall shape and size of the residual an
associated with the Bearpaw arch suggest
was produced by a large elongate magm
at depth and that there are two subsidia
polas near the surface that may have ac
the main feeder bodies for the intrusive
trusive activity. .
The zone of thrusting south of the B
arch is coincident with a small positive I&
anomaly of -5 mgal. The limited ext
stratigraphic displacement along th
faults in this zone, however, preclud
densitv contrasts.
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mygisi. On the east, however, the syncline is co-
inciiont with a +5 mgal high, which suggests |
that ~  deeper positive basement fcéature may
have « more pronounced effect on the gravity
field than the syncline.

The northern structural features of the Cen-
tral Montana platform are expressed by large
positive anomalies south of Lewistown. The Big
Snowy uplift is associated with a large crescent-
shaped, east-trending gravity high approxi-
mately 35 mi long and with up to a+10 mgal
residual, T interpret this structural feature to
have developed as an uplifted crustal block
above an intrusive magma cupola,

The Moccasin and Judith Mountains north
of the Big Snowy Mountains are laccolithic
structures. They are expressed on the residual
map by an anomaly of -+ 10 mgal and are con-
sidered to be small near-surface alkalic intru-
sive bodies.

Just east of the Big Snowy anomaly is a
significant residual gravity anomaly of up to
410 mgal which is situated over a complex
area of structural domes and basins and is ap-
proximately 10 mi wide and 17 mi long. The
relation of the overall residual gravity anoma-
lies to the associated structural features may
mean that a series of small magma chambers at
depth controlled the development of the over-
lying subordinate domes and basins. A main
chamber may have been the source of small
intrusive cupolas that arched and domed the
overlying sedimentary sequence into the surface
domes and interspersed sedimentary basins.

Residual gravity anomalies associated with
the Cat Creek anticline and the allied en éche-
lon fault zone were not detected on the residual
map. A zero contour line follows generally the
outline of the structure near its northwest ex-
tension in the Lewistown area, but there is no
evidence from the gravity anomalies of the anti-
cline and fault zone on the southeast. The lack
of a large residual anomaly associated with the
Cat Creek anticline suggests that the structure
and associated en échelon faulting are devel-
oped only to shallow depths. The Cat Creek
anticline may be the result of compressive
gravity sliding that is not associated directly
with basement deformation.

A residual low of up to —10 mgal occurs
near the east edge of the Central Montana plat-
form (lat. 46°45’N and long. 107°30°'W). It
apparently masks the presence of the adjacent
Cat Creek anticline and indicates that a base-
ment feature may have a pronounced effect.
The low may reflect a downwarp at the top of




the basement that influenced the development
of the Sumatra syncline.

Just south of the Big Snowy anomaly, a large
negative residual anomaly consisting of two
separate lows extends in an arcuate pattern for
65 mi from east to west. This north-curving
feature of more than —10 mgal is approxi-
mately coincident on the west with the Wheat-
land syncline and on the east with the Willow
Creek syncline. The linc of gravity contours
along the south part of the Big Snowy anomaly
and along the south part of the adjacent posi-
tive residual anomaly on the east suggests a
boundary ‘that reflects a basement structural
feature—possibly a basement fracture zone or
structural hinge line, as was postulated by Son-
nenberg (1956, p. 77).

A large northeast-trending positive residual
anomaly occurs south of the Wheatland anom-
aly in the vicinity of the Women’s Pocket and
the Shawmut anticlines. This trend is approxi-
mately 35 mi long and has residual values of
up to -+10 mgal.

The Porcupine dome is partly outside of the
residual gravity map. However, a positive trend
of 10 mgal over the south flank of the Suma-
tra anticline apparently continues northeast to
the Porcupine dome. The size, areal extent, and
direction of the residual anomaly associated
with the Sumatra anticline and the Porcupine
dome suggest the presence of structural fea-
tures along a major northeast-trending uplifted
crustal block that possibly is related to the
transverse igneous belt of central Montana.

Zietz and Hearn (1969, p. 320) gave signifi-
cant acromagnetic and gravity data for parts of
the Central Montana platform. They suggested
that several lincar fault zones extend into the
Precambrian basement and, in particular, they
noted prominent northeast trends of acromag-
netic anomalies. These northeast trends corrob-
orate the northeast trend expressed by the re-
sidual gravity anomaly patterns discussed
herein. Unpublished aeromagnetic data (Zietz,
1969, personal commun.) from other parts of
the western and central Montana plains also in-
dicate marked northeast trends of regional
magnetic anomalies.

CoNCLUSIONS

Interpretation of gravity data from parts of
western and central Montana provides a new
source of information concerning near-surface,
basement, and crustal structures. Known struc-
tural features are defined here in more detail,
and several new basement geologic structures

sent and (2) the structural trends ol the
41 Montana area of uplifted domes and
res. The prominent northeast trend of the
Ly anomalies of the central Montana area
J;,{m.;l with the structural grain of the Cana-
hicld and the north-central United States.
. relations suggest a similar structural ori-
arine the Precambrian, Major northwest-
g features are related to the Laramide
ad-thrust belt of the Montana Rockies.
Synasewich (1968) presented geophysical
s of an cast- to northeast-irending Pre-
sean rift in southern Alberta and British
vbia, which supports a genetic relation of
s Precambrian structural lineaments in the
e Montana plains with those of the
‘i Alberta-British Columbia area. Aero-
tic data reported by Zietz and Hearn
j also show a prominent northeast trend
central Montana area, which substanti-
the suggestion that structural developments
-h began in the Precambrian have had a
27 influence on later tectonic developments.
coincidence of the Montana Rockies
the structures of the Central Montana plat-
with older sedimentary troughs of Beltian
Migsissippian time suggests a common in-
¢ that has controlled both sedimentary.
aion and structural development, It is
ted that a similar deep-seated influence
By has controlled the northeast-trending
ggoat-Bannatyne and Pendroy trends since
Peecambrian,

2 is hoped that the presentation of these
7 dala provides information and ideas
to the delineation of new areas for oil
t+3 exploration.

are indicated. Most major gravity anomg
western and central Montana are believe
associated with geologic structures thy
produced principally by the Laramide ¢
and by Precambrian and Cretaceous-];
intrusions and extrusions.

Prominent northeast-trending basemep
tures of the western Montana plains wer
tificd—the Scapegoat-Bannatyne and -P
gravity anomalies. These structures pr
are igneous ridges at the top of the ba
that may have gently arched the overl
mentary sequence to form structur
Further, they are considered to have
potential petroleum-bearing flank s
that may extend northeast from the B
oil field to the Canadian border. '

The structural evolution of the tect
tures in the central Montana area ap,
was associated directly with primary
uplift of crustal blocks into the sedimel
quence. Domes, flexures, and sedimen
sins were formed. Significant residual
anomalies associated with several of th
and associated basins have been deling
particular, a prominent northeast-trend
itive anomaly, associated with the
arch extends northeast to the Canadi
This anomaly may represent a major |
structure similar in origin to those of th
goat-Bannatyne and Pendroy anomalies,

Significant positive anomalies also
ated with the Bowdoin dome, the Pg
dome, the Big Snowy uplift, and the ¥
Pocket anticline. Negative anomalies,
which are adjacent to positive struc
tures, may represent basins of depositi
heretofore have not been explored f¢
gas, particularly along basin margins,

The relation of the transverse igneo
the central Montana domal features is
the result of uplift caused by intrusio
sedimentary sequence. The granitic p
crust produced the domal structural
that overlie uplifted crustal blocks.
gested that the parent magma source:
intrusive and extrusive features of t
verse igneous belt were related closely.
that produced the domal and monocli#
ures.

It is evident that the large-scale
northeast-trending anomalies of wes
central Montana are the most proming@
Bouguer and residual gravity anoma
and are related to (1) linear trends
bodies both at the surface and at the
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