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Regional setting of the Northern Rockies Basin and Range and
Intermountain Seismic Belt
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Montana Seismic Hazards and Seismicity
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Montana Quaternary faults: The Bitterroot Fault
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Quaternary and fault mapping
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Geologic Map of the Southern Bitterroot Fault,
Bitterroot Valley, Western Montana
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Quaternary and fault mapping
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Fault geometry and kinematic history

(a) High angle fault model
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Cosmoenic 19Be dating on boulders in glacial deposits
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| MC1 - Qgtoy: Model age (zero erosion)
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$1- Qdfy: Model age (zero erosion)
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Glacial Lake Missoula
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Rock Creek: Offset Glacial Lake Missoula max elevation shorelines

0

Legend:

ot

4250

Shorelines

125 250

Glacial Moraine Crest

Max Elev. Glacial
Lake Missoula

500 Meters

meters)

(i

Elevation

Elevation (meters)

D D’
g
13004 L amsaxsof | _ 4250
p%
1260 \—/_w// 00
1240+ 4050
1220 T T r T T r , 4000

0 100 200 300 400 500 600 700

Distance along profile (meters)

1320 Shorelines - 4350
Shorelines Vs =4.6%*15 - 4300
1300 42354230t e~ — A250-4245f _ _ _ _ _ | 4250
1280 - 4200
- 4150

1260 + T T T

100 . 200 300
Distance along profile (meters)
Vs rate = 0.2 -0.4 mm/yr Fault slip rate = 0.2 - 0.4 mm/yr

(199)) uonena|g



Seismic source characterization: Fault Slip Rates

Vertical separation and fault slip rates for the Bitterroot fault.
separation (m) Min surface Max surface Fault dip Vert. separation  Fault slip rate
Terrace surf. age (ka) age (ka) (degrees) rate (mm/yr) (mm/yr)
Lake Como
MC?2 - Pinedale moraine 3.5+0.1 16.4+0.6 16.8 £0.6 62.5 £7.5 0.20-0.23 0.21-0.28
MCS5 - Bull Lake moraine 68 +2 110 £2.5% 138 +5.6* 62.5 £7.5 0.44-0.68* 0.47-0.83*
Rock Creek
Glacial Lake Missoula shorelines 4.6+1.5 15.0+0.4 154+04 75+£5 0.19-0.42 0.20-0.44
Ward Creek Fan
S1 - Pinedale debris fan 2.4+0.2 16.6 £0.4 17.1 £0.5 52.5 £7.5 0.13-0.16 0.15-0.23
S2 - Medium-aged debris fan 45+0.1 62.8 +1.7 69.9+2.2 525 +£7.5 0.06-0.08 0.07-0.11

Note: Measured values of vertical separation, fault dip, and range of surface ages for offset marker units. Using these parameters, we
calculated vertical separation rates, extension rate, and fault slip rates with corresponding uncertainties, which are based on the maximum and
minimum possible values in the rate calculation.

* Represent preliminary results on MC5 awaiting forthcoming additional boulder age results.

Post Late Pinedale = 0.2 - 0.3 mm/yr

Post < 63-70 ka =0.1-0.2 mm/yr

Post Bull Lake =0.5-0.8 mm/yr*
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Seismic source characterization: Fault Geometry

(a) High angle fault model
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Paleoseismology of the Bitterroot fault
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Shannon Gulch trench site — September 2021
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Shannon Gulch trench site — September 2021
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Shannon Gulch trench site — September 2021
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Late to post-Pinedale local lakes controlled by the Bitterroot fault?

Lake Como
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Camas Creek Trench site — September 2022
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Big Creek Trench site — September 2022

w Big Creek - Trench 1 north wall E

Legend:

10. Soil horizons

9c. Sub-aerial colluvium (cobbles)

9b. Sub-aerial colluvium (silt + f.s.)

9a. Sub-aerial colluvium (cobbles + silt + f.s.)
Fluvial sands (structureless)

Upper lake beds

Fluvial gravels

Middle lake beds

Sub-aqueous colluvial wedge (EQ event horizon)
Lower lake beds

Basal fluvial-lacustrine deposits * am
Late Pinedale (>15 ka) glacial outwash deposits

T e



Key take away points

* New mapping of the Southern Bitterroot fault indicate multiple
Quaternary fault scarps that offset Pinedale and Bull Lake glacial
deposits.

* Structural and geomorphic map relations indicate both high angle and
low angle fault models provide viable interpretations of subsurface fault
geometry.

» 10Be age results provide chronology of Pinedale glacial moraine deposits
between ~15-17 ka, and glacial debris fans deposits between ~16-70 ka.

* Post Late Pinedale slip rates range between 0.2-0.3 mm/yr.
* Long-term slip rates (since ~140-110 ka) show larger range of 0.1-0.8
mm/yr.

* Seismic hazards models and empirical scaling relationships indicate an
earthquake potential of Mw 7.2 for ~100 km long normal fault rupture,
and assumes a high angle fault model.

* A low angle fault model could generate an earthquake of Mw >7.2
which poses significant potential seismic hazards for the Bitterroot-
Missoula valleys.




Future work and research questions

* Along strike variability and long-term slip rates:
— More 1°Be samples are currently in queue on additional offset
surfaces.
— Extend detailed fault and quaternary mapping along-strike.

— Test alternative structural models of High angle fault vs Low
Angle fault.

* Paleo-earthquake chronology and segmentation of the Bitterroot
fault (collaborating with USGS and Bureau of Reclamation):

— Southern Bitterroot fault section (2 sites)

— Northern Bitterroot fault section (1 site; awaiting new lidar for
northern extent for more sites).




Lake Como CHIRP Survey
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