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Preliminary Geology of the North Meadow Creek Area, 
Tobacco Root Mountains, Southwest Montana—  
The North Meadow Creek Fault

By Gary S. Fuis, Parker J. LeClair, and Chester A. Ruleman

Abstract
This report documents a previously unmapped fault, 

informally referred to herein as the North Meadow Creek 
fault, on the east flank of the Tobacco Mountains of 
southwestern Montana. This fault has an apparently long 
and complex history, including Quaternary offset of an 
older alluvial terrace, offset of a debris flow of presumed 
Pleistocene age, offset of rhyolite lava flows of presumed 
Tertiary age from their presumed source several kilometers 
east, on the opposite side of the fault, and offset and possible 
rotation of blocks of Archean gneiss on northeast side of 
the fault. The western part of the fault is covered by glacial 
moraines of two apparent ages, both Pleistocene.

Introduction
This report identifies a previously unmapped fault in 

the Tobacco Root Mountains of southwestern Montana. This 
unmapped fault, informally referred to herein as the North 
Meadow Creek fault, forms a low scarp on a likely Quaternary-
aged alluvial terrace along North Meadow Creek, a drainage on 
the eastern flank of the Tobacco Root Mountains (fig. 1).

This scarp is located approximately 5 kilometers (km) 
northwest of McAllister, Montana (fig. 2). The North Meadow 
Creek fault strikes approximately 6 km northwestward from 
this scarp, where it is covered by glacial moraines in the 
Tobacco Root Mountains (fig. 3). The North Meadow Creek 

Tb

Qdf

Agn

Images digitally rendered from Google, copyright 2023

North Meadow Creek fault 

A

B

C

Figure 1.  Digitally rendered views from satellite imagery of North 
Meadow Creek fault near the southeast end of its mapped trace. 
(A) Looking south, uninterpreted, (B) Looking south, showing North 
Meadow Creek fault. Fault trace is solid where location certain, 
dashed where uncertain. (C) Looking from above, showing fault 
water barrier, unit labels are schematically overlayed for context. 
Landsliding along the fault is seen on the right in A and B. Fault 
measurement data from Fuis and others (2025). Aerial imagery from 
Google Earth, accessed September, 2014. Any use of trade, firm, or 
product names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. See https:// www.usgs.gov/
about/organization/science-support/office-science-quality-and-
integrity/guidance-disclaimer for more information.

http://www.usgs.gov
http://www.usgs.gov
http://www.usgs.gov
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Figure 2.  Geologic map of region surrounding North Meadow Creek study area (black rectangle). Annotated to include 
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in figure 3 of this report as follows: Aqfg, Aga are grouped together as Agn; Kgt is relabeled Kgr; QTbf and Qgr are grouped 
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CORRELATION OF MAP UNITS
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fault appears on neither the Geologic Map of Montana, 
Edition 1 (Vuke and others, 2007; fig. 2 of this report) nor the 
Quaternary Fault and Fold Database of the United States (U.S. 
Geological Survey and California Geological Survey, 2022). 
The North Meadow Creek fault offsets a number of rock units 
ranging in age from Quaternary to Archean. Offsets along 
the North Meadow Creek fault are uniformly down to the 
northeast and right-lateral.

Geology of the North Meadow Creek 
Region

The Tobacco Root Mountains are in the Basin and Range 
Structural Province of Montana (Vuke and others, 2007). 
The oldest rocks exposed in the North Meadow Creek area 
are Archean metamorphic rocks (unit Agn, fig. 3), mostly 
composed of quartzofeldspathic gneiss and amphibolite 
(Kellogg and Williams, 2000; figs. 2, 3 of this report).

These Archean metamorphic rocks have northeast-
striking foliation, variable steep dips, and outcrop 
predominantly southwest of the North Meadow Creek fault. 
Northeast of the North Meadow Creek fault, these Archean 
rocks have mostly east-west striking foliations and moderate 
north dips, but in the southeast part of this outcrop area, they 
have attitudes similar to those on the southwest side of the 
fault. Felsic lava flows (units Tv and Tb) and their inferred 
eruptive center appear on opposite sides of the North Meadow 
Creek fault (fig. 3). Obsidian float is commonly found in unit 
Tb (tables 1, 2, sample 57b), below the upper lava flow, unit 
Tv (tables 1, 2, sample 7), but no outcrops of obsidian have 
been found.

Table 1.  Samples collected for geochemistry and potential future 
dating.

Sample 
ID

Geologic 
Unit

Lithology Latitude Longitude

7 Tv Felsic lava flow 45°28’22” 111°47’3”
38 Tv Felsic porphyry 45°28’15” 111°45’22”

43 Tv
Vent-phase felsic 

lava 45°28’13” 111°45’28”

57b Tb Obsidian 45°28’21” 111°47’15”

70 Kgr
Leucocratic granitic 

rock 45°30’26” 111°48’51”

600 Kgr

Porphyritic granitic 
boulder (2 m 
boulder embedded 
in Qdf)

45°29’48” 111°48’32”

507 Qoa
Cobble and pebble 

alluvium (top of 
Qoa terrace)

45°28’46” 111°46’56”

508 Qoa
Cobble and pebble 

alluvium (bottom 
of Qoa terrace)

45°28’7” 111°45’15”

Table 2.  Major and trace element geochemistry.

[X-ray fluorescence geochemical analysis performed by Washington State 
University GeoAnalytical Lab. wt%, weight percent; ppm, parts per million]

Elemental 
Oxide

Sample ID

7 38 43 57b 70

Normalized Major Elements (wt %)

SiO2 70.92 64.23 73.36 68.32 77.31
TiO2 0.28 0.67 0.19 0.37 0.05
Al2O3 15.74 16.74 14.59 16.41 13.01
FeO 2.2 4.89 1.49 2.81 0.52
MnO 0.02 0.05 0.02 0.07 0.01
MgO 0.34 1.31 0.18 1.09 0.01
CaO 2.37 4.36 1.43 2.88 0.51
Na2O 4.28 4.5 3.8 4.64 3.51
K2O 3.65 2.97 4.14 3.25 5
P2O5 0.19 0.28 0.79 0.16 0.06
Total 100 100 100 100 100

Element Unnormalized Trace Elements (ppm)

Ni 11 16 6 16 4
Cr 10 32 8 36 7
Sc 2 8 1 4 0
V 26 89 8 22 5
Ba 2609 1979 2527 2290 30
Rb 83 61 88 77 273
Sr 502 735 384 611 38
Zr 169 222 154 304 56
Y 16 12 9 12 2
Nb 10.2 10.7 10.7 11.7 14
Ga 19 20 19 19 18
Cu 6 17 5 5 4
Zn 54 71 45 63 7
Pb 29 20 31 26 34
La 55 41 46 47 7
Ce 83 73 73 81 13
Th 9 7 10 9 25
Nd 32 27 23 27 3
U 1 0 0 2 6
Sum trace 3727 3442 3447 3662 545
In percent 0.37 0.34 0.34 0.37 0.05
Sum 
Major+Trace 97.89 98.26 97.1 99.85 99.1
Major+Trace 

oxides 97.94 98.32 97.14 99.9 99.11
w/LOI 99.96 99.88 100.05 100.11 99.75
If Fe3+ 100.2 100.41 100.21 100.42 99.8
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Native Americans excavated obsidian float in several 
locations. The eruptive center of units Tv and Tb is inferred 
from a vertical fabric and the presence of a likely intrusive 
porphyritic body on its eastern side (see fig. 3; tables 1, 2, 
samples 43 and 38, respectively).

The North Meadow Creek fault is the southwestern 
boundary of debris flow of presumed Pleistocene age 
(unit Qdf, fig. 3), consisting of angular to subrounded clasts as 
large as 2 meters (m) in diameter. Most clasts are cobbles and 
pebbles in a buff, orange, or brown fine-grained clayey matrix. 
The debris flow and the western part of the North Meadow 
Creek fault itself are overlain by glacial moraines in the 
Tobacco Root Mountains (“Table Mountain” in the northwest 
corner of fig. 3). The glacial moraines are separated into older 
and younger deposits (units Qm1 and Qm2, respectively, 
fig. 3). Boulders weather out of the younger moraine, forming 
an irregular surface. The older moraine has a smoother surface 
with fewer exposed boulders (up to 3 m in size). Similar 
glacial-moraine characteristics are seen in the Madison Range 
(to the east) at South Fork Indian Creek (south of fig. 2), 
where age designations have been assigned by Ruleman and 
others (2014) and Ruleman and Brandt (2025): Bull Lake 
for the older moraine and Pinedale for the younger moraine. 
Alluvium near the North Meadow Creek fault consists of 
older alluvium that forms benches along North Meadow Creek 
(unit Qoa, fig. 3) and younger alluvium in the creek bottoms 
(unit Qal, fig. 3).

To the south and west of North Meadow Creek lies 
Washington Creek, which contains an 8-km long section of 
reworked boulder alluvium (unit Qrw). Placer gold was mined 
from this alluvium using a floating dredge and earth-moving 
equipment. Additional placer gold was mined from isolated 
hydraulic-mine pits scattered throughout the map area. 
Dredging only occurred on the northeastern side of the North 
Meadow Creek fault (fig. 3).

Geologic History
The geologic history herein describes the unit 

emplacement and faulting and landsliding in the North 
Meadow Creek area, in chronological order.

Unit Emplacement

1.	 Sedimentary and igneous rocks were metamorphosed in 
the Archean, forming gneiss and amphibolite (unit Agn; 
Kellogg and Williams, 2000).

2.	 Granitic rocks of the Tobacco Root batholith were 
emplaced in the Cretaceous (unit Kgr; Vuke and 
others, 2002).

3.	 Felsic volcanic rocks were erupted in the Tertiary (units 
Tb, Tv; this study).

4.	 A debris flow, likely associated with glacial activity, 
was emplaced presumably in the Pleistocene (unit Qdf; 
this study).

5.	 Glacial moraines were emplaced (units Qm1, Qm2; 
this study).

6.	 Older alluvium (forming current benches) was deposited, 
probably largely coincident with emplacement of the 
glacial moraines (unit Qoa; this study).

7.	 Young alluvium was deposited in current creek bottoms 
(unit Qal; this study).

8.	 Boulder alluvium was reworked by dredging and earth-
moving equipment in the creek bottom of Washington 
Creek (unit Qrw; this study).

Faulting and Landsliding

1.	 The North Meadow Creek fault may have first ruptured 
following eruption of the felsic volcanic lava flows 
(units Tb, Tv).

2.	 The North Meadow Creek fault ruptured following 
emplacement of the debris flow (unit Qdf); this rupture 
may or may not have been accompanied by rotation of 
Archean blocks northeast of the fault.

3.	 The eastern part of the North Meadow Creek fault, at 
minimum, ruptured; two glacial moraines (units Qm1, 
Qm2) cover the western part of the fault.

4.	 Local landsliding occurred (unit Qls), covering part of the 
eastern part of the North Meadow Creek fault.

Samples were collected for potential future dating analysis of 
various geologic units including (see tables 1, 2):

1.	 Samples of the felsic lava flows (units Tb, Tv, for 
geochemistry and radiometric dating; samples 57b, 7, 
43, 38),

2.	 Samples of boulders in the debris flow (unit Qdf, for 
exposure dating; sample 600; see figure 3 for location), 
and

3.	 Samples of the older alluvium (unit Qoa, for optically 
stimulated luminescence and uranium-series dating; 
samples 507 [top of terrace deposit] and 508 [bottom of 
terrace deposit]; see figure 3 for location).

Discussion
The North Meadow Creek fault appears to have had a 

long and varied history, as in the “Geologic History” section. 
The North Meadow Creek fault offsets Archean rocks with 
different average attitudes on either side of the fault. This 
apparent change in attitudes may be related to either faulting 
or proximity of the northern outcrops to the Tobacco Root 
batholith (unit Kgr, see tables 1, 2; sample 70). The North 
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Meadow Creek fault offsets felsic lava flows from their 
presumed eruptive source by more than 100 m and possibly 
as much as several kilometers-right-laterally. These felsic 
lavas are down-dropped to the northeast by more than 200 m 
and are of presumed Tertiary age. The North Meadow Creek 
fault bounds a debris flow of presumed Pleistocene age on 
its southwest side and is subsequently buried by glacial 
moraines to the west (on “Table Mountain,” fig. 3), making 
its Quaternary history complex. At its southeast end, it 
offsets older alluvial terraces (unit Qoa, fig.3), of presumed 
Quaternary age (fig. 1). The older alluvium is faulted against 
Archean rocks (unit Agn, fig. 3) and volcanic rocks (unit 
Tb, fig. 3) just west of North Meadow Creek (figs. 1, 3), and 
the fault forms a dark line of vegetation and soil in irrigated 
ground on the bench just east of North Meadow Creek 
(fig. 3, solid fault line), accompanied by a subtle change in 
elevation, higher on the southwest side of the fault (Brett 
Owens, verbal commun.)

The North Meadow Creek fault itself may have been 
a source for the placer gold mined from the reworked 
boulder alluvium in Washington Creek, or the gold may have 
originated from the uplifted Archean gneiss on the southwest 
side of the fault.

The North Meadow Creek fault appears to align in strike 
with the Spanish Peaks fault, 20 km east in the Madison 
Range, and with the Bismark fault, a few kilometers west of 
the map area of figure 3 (see fig. 2). The Spanish Peaks fault 
offsets Archean rocks, upthrown on the northeast against 
Paleozoic and Mesozoic rocks on the southwest. This sense 
of offset is opposite to that of the North Meadow Creek fault, 
where rocks are down dropped on the northeast. The Bismark 
fault, as mapped, also appears to have an opposite sense of 
offset compared to the North Meadow Creek fault (fig. 2)—
upthrown on the northeast. Field reconnaissance surveys to the 
west of the study area indicates that the North Meadow Creek 
fault does not connect with the mapped Bismark fault but 
instead extends to the west-northwest through the Twin Lakes 
area of the Tobacco Root Mountains, south of the mapped 
Bismark fault. In this area, interpreted southerly phases of 
the Tobacco Root batholith (see explanation of geologic map, 
fig. 3) are in proximity to Archean rocks on the southwest. No 
features indicating young faulting can be found in this area, 
however, which is largely covered by glacial till.

The interpreted normal offset on the North Meadow 
Creek fault is consistent with the modern north-northeast to 
northeast extension direction interpreted by numerous authors, 
including Eddington and others (1987), Smith and Arabasz 
(1991), and Schmeelk and others (2017).

Conclusions
The North Meadow Creek fault is a newly mapped fault 

on the east flank of the Tobacco Root Mountains of southwest 
Montana that offsets rocks of ages from Quaternary to 
Archean. Offsets appear consistently right-lateral and down to 
the northeast. Faulting history appears complex.
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