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Abstract. On October 20, 1982, we collected

" geismlc refraction data on a 250 km line segment
between Butte, Montana and Challis, Idahe, These
data are From two open pit mine blasts; one at
Anaconda Minerals Companys’ southeast Berkely pit
and the other at Cyprus Mines Corporations’
Thompson creek mine, Eight of our ten recorders
wrote clear records of both blasts with measured
travel times accurate to +/-0.2 seconds. We
supplemented these data with data from permanent
gtations in the Butte area, The Pg (crustal)
velocity 1s 5.8 km/s to the southwest and 6.0
km/s to the northeast. The Pn (mantle) veloeity
1s 7.9 km/s to the northeast and 8.1 km/s to the
southwest; total travel-times are equal. The 5-
wave velocity in the crust is about 3.5 km/s.
The symmetry of the travel-time results, with
their intersection within one kilometer of the
midpoint between the pit blasts, strongly sug-~
gests the réfraction line overlies a horizontal
Moho or parallels the strike line of 2 dipping
Moho surface. These data indicate the crust in
southwestern Montana and east—central Idaho is
approximately 33 km thick. Contrasting tectonic
processes, compression and thickening during the
Laramide orogeny with extension and thinning
since the Paleocene, resulted in a crust with
slightly less than normal thickuness.

Introduction

Three geologlc provinces characterize the
northern Rocky Mountains of the United States: 1)
the Idaho Batholith, 2) the Laramide fold and
thrust belt and, 3) the Tertlary sedimentary
basins of southwestern Montana and east—central
Tdaho (Figure 1), Recent literature and symposla
concerning these provinces [e.g. Hyndman, 1983;
Lageson and Couples, 1982; Tucker, 1981; Hobbs,
1983] attest to the current interest in regional
geologic studies. Yet, knowledge of crustal
structutre of the northern Rockles 1is limited.
However, Kleinkopf [1983], Stickney and Sheriff

generally accepted as the base of the crust, was
precisely defined by Mohorovicic [1909]. Deter—
mining the thickness of the crust is the first
step 1in determining an accurate cristal and oro~
genic model, A review of seilsmic refraction ’
studies shows that the term Moho is now gemerally
used for an abrupt, deep~crustal P-wave velocity
fnerease from about 6.5 km/e to approximately 8
m/es. However, recent seismic reflection pro-
filing of the lower crust shows that many areas
are underlain by packages of near horizontal
teflectors that may represent mixtures of crust
and mantle rock [e.g. Oliver et al., 1983).
Thus, based on new seismic reflectiop studies of
the crust, the Moho is now recognized as a much
more complex structural feature than initially
assumed. Yet, in the northern Rocky Mountains,
even the depth to the Moho is poorly known,

At the time of Smiths’ [1978] compilation,
very little published data were avallable to
constrain estimations of depth to the mantle
beneath southwestern Montana and east-central
Idaho; few new data pertaining to this problem
have been collected. Because of this lack of
data in a critical area of the western Cor-
dillera, we are in the process of determining a
more accuraté crustal model for the Rocky Moun-
tains of Idaho and Montana, A new selsmic re-
fraction line allows us to put some limits on the
depth to the Moho between Butte, Montana and
Challis, Ydaho.

Seismlic Refraction Procedures and Results

We deployed ten portable Sprengnether MEQ-300
seismographs along a 250 kilometer line segment
between Butte, Montana, and a position 30 kilo-
meters southwest of Challis, Tdaho (Figure 1).

. These smoked-paper recorders were placed at 25
ikilometer intervals along the refraction line and

[1983], Carlson and Sherlff [1983] and Braile et al.

[1982]) recently contributed new ideas along with
regional gravity, magnetic and selsmic data that
complement Smiths’ [1978] discussion of regional
crustal structure. .

The Mohoroviclc discontinuity (Moho), which is
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within 5 kilometers of the line. On October 20,
1982, we recorded two open pit mine blasts; one
from Anaconda Minerals Company’s southeast Ber—
kely pit and the other from Cyprus Mines Corpora-
tions’ Thompson Creek mine (Figure 1). Eight of
our ten recorders wrote clear records of both
blasts. The selsmograms were recorded at a rate
of 60 mm/min. - Time corrections between Coor-
dinated Universal Time aid each instrument clock
were determined by recording three minutea of WWV
radio signal at the beginning and end of each
seismogram.’ We supplemented the data from the
portable recorders with data from two permanent
stations that one of us (MCS) operates in the




300
AXQ%, : E
BELT X
v % MONTANA
")2
n %
: BUTTE \ﬁ%
/2 k-
(
)
/ g \)
‘\ e MACKAY WYO.
S \_.”/ ' '
IDAHO
Fig. 1. Index map showing general geology and

geography, location of our reversed seismic
refraction line and mine blasts. TCM is Cyprus
Mines Cofporations’ Thompscn Creek mine; Anaconda
Minerals’ S.%. Berkely pit is in Butte. Portable
- delsmographs were placed at 25 km intervale along
the refraction line.

Butte area, We used two inetruments, one within
* 300 meéters of each blast, to record tlast origin
timesd, Table ! lists measured P and 5 wave
travel times which.are accurate to +/- 0.2
seconds; we did not make elevation corrections,
In Table !, and in our discussion of these data,
We use the following standard notations: Pg is a
compressional wavé traveling through the upper
crust directly between the source and recefver
and, Pn-1s a critically reftacted wavé traveling
along the bouhdary betiween the crust and mantle
(Moho). We use the same subscripts For S waves.
Figure 2 presents the data from our reversed
selsmic refraction liné on a stdandard graph of
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travel time plotted against distance from the
selsmic source. The Pg (crustal) velecity is 5.8
km/s to the southwest and 6.0 km/a to the north-
east, The Pn (mantle) velocity also shows some
directional dependence; to the northeast it is
7.9 km/s and to the southwest 1t 1s 8.1 km/s.

" However, these differences are probably. ot sig-

nificant at cur level of precision. The S-wave
velocity in the erust is about 3.5 km/s. The
observations that the total travel- ~times for P
waves are equal fn each directfon and that
travel-time curves cross at the center of the .
plot (Figure 2) further suggest that our data are
of high quality. Significantly; the Pg lines do
not go exactly through their -respective origins.
The Pg intercept time on the Butte end 1s 0.38
seconds and that on the Thompson Creaek end is
0.58 seconds. These discrepancies may be due to
dne of more factnrs such as a low-velocity
weathered layer, local velocity vdriations near
sources and/or receivers, or elevation
differences betwesen the source and nearest
Egceivera.

Interpretation

The symmatry of the travel-time results from
outr reversed-refraction line (Figure 2) strongly
suggests the refraction line overlies a horizon-
tal Moho or, by chance, parallels the sttike line
of a dipping Moho surface, If the crust thickens
parallel to the refraction line (Figura 1), the
observed Pn velocities would be significantly
different: the apparent up~dip velocity would be
gredter than the true velocity; conversely the
dpparent down-dip velocity would be less than the
true vElocity. However, the difference in Pn

=~ yélocitlies (Figure 2} is not statistically sig—

nificant nor is the midpoint shifted a cohsequen-
tial amount., Thus, within the precision of out
data, the Moho surface does not dip northeast
toward Butte or southwest toward Challis.

Our seismic recording sites, with an average
spacing of 25 kilometérs, are widely separated
(Figure 1). Although several of our seismograms
have gome distinct phases other than Pg, Pn and,
Sg, the spacing of our selsmograpli stations 1i~

Travel Times of Various Phases at_sites with Successful Recérdings.

TABLE 1,
Butte Blast (SE Berkely pit) Thompson Ck Mine Blast
0 ‘ © 7. 46.01°N, 112,48% 44,31°N, 114,55%W

Station Lat Long Elev Distance -Pn Pg Sg Distance - Pn Pg 5g
EPM 46,10 112,38 1973 13.1 2.6 262.1  40.4  45.0 75:2
LRM 45.82 112.45 1820 20.4 3.9 235.7 37.2 40.5 68.8
1 45.83 112,64 2067 22.8 4.3 7.7 226.5 36,0 39.1 65.1
2. 45,68 112.85 1982 46.6 . 8.4 202.8 32,8 334 58.4
3 45.53 113,07 2195 10.4 16.7 12,5 21.1 178.7 - 29.9 30.4 51.6
4 45,35 113,24 2445 93.9 19.3  16.7 27.1 155.3 7.1 27.4  46.8
6 45,07 113.60 1860 136.0 24.5 23,6  4l.1 113.1 21,6 19.9 33,7
8. 44,77 113,96 1750 179.4 30.0 31,2 52.2 69.7 12,5 21.3

9 44,63 114,19 1518 203.6 32.9 35.3 59.8 45.5 : " 8.5
10 44,45 114,35 2140 226.7 35.8 38.8 66.0 22.5 , 4.4 7:6

Latitudes are

ON; longitudes are

w- source to receiver distances are in kilometers, elevations’
are in metérs; travel times are in seconds.
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southwestern Montana and east-central Idaho ig
approximately 33 kilometers., Thig interpretation
is not dnique'because different velocity-depth

on the game line Segments.
approximation of crustal structure,

Thus, ours {g a rough
Nonetheless,

gested by Ballard f1980].
than the determination of 48 kilometers by Braile
et al. [1982] foar an area 125 kilometers south-
east of Challis, Tdaho, The crugt may actually

be thianer than our data suggest because low-

It 1is suprising to find legs than normal
thickness crust in a reglon where others have
predicted a much thicker than normal crust. We
could explain the anomaly by constructing a model

" that would allow thicker crust and make the de-

velocity increase in the crust, If the thickness
of such a layer is small or, 1f it has a small
velocity contrast with the rocks beneath it, then

Such zones cauge an underestimate of depth to the
source of firat arrivals. If thig ig the cage tn
our study area then, the crust s thicker than 33
kilometers., Both high and low—veIOcity zZones are
common structural components of continental
ctust. The dccutrrence of hoth features would
cancel some of the error in a model bhaged on
selsmic refraction data, Although we could
shuffle low-veIOcity layers and slabs of high-
velocity material into our model to make our
result fi¢ any prediction, we prefer to use the
simplest interpretation,
' The crust in scuthwestern Montana and eagt~
central Idaho is about 33 km thick.

thickened during the late Cretaceous through
Paleocene Laramide orogeny, points kg extension.
Indeed, Eocene through present history of this
Tegion is characterized by crustal extension and
thinning, Most of the Tertiary basina of this
part of the northern Rockies have been evolving
for at least 40 million years [Peterson, 1983];
Garmezy and Sutter [1983] show that normal faulte-~
tng along the Bitterroot basin began at least 45
million years ago. Our refraction 1ine crosses
the southern Big Hole basin which containg a
minimum of 5000 meters of Cenozoic f£i11,
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evidence is simtlar for other Tertiary basing of
the region, Obvigusly, crustal extensfon and
thinning was an important structural process
during the formation of these basing and, it
continues today, Southwest Montang and east-
central Idaho lie within the very active inter~
mountain seismic zoné and the allied Tdaho geig-
mic belt [Smith, 1978), The nimber of existing
fault-plane solutions is limited for this region
but those available show that normal faulting ig

Tertiary rock in the basing, implies that large-
scale, post-Paleocene crustal thinaing has bal-
anced the older, Laramide crustal thickening.

The product of thege competing tectonic events ig
a4 crust that hag 8lightly less than normal thick-

' ness.
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