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NOTES ON THE RESTORED CROSS SECTION

1. Westward thickening in the McGowan Creek Formation thickens the Mississippian section by > 1 km (e.g. Sandburg, 1975).

2. A pre-Ordovician normal fault is inferred from the distribution of Cambrian and Neoproterozoic strata which are kilometers thick in the Lost River Range and to the west but absent in the Lemhi Range (Ruppel, 1986; Tysdal, 2002; Brennan et al., 2020; Milton, 2020).
3. An angular unconformity (Lemhi arch unconformity) is widespread below the Ordovician Kinnikinic Quartzite (e.g. Scholten, 1957; Ruppel, 1986; Pearson and Link, 2017; Brennan et al., 2020).

4. A pre-Devonian normal fault is inferred from the distribution of Ordovician, Silurian, and Devonian strata (e.g. Grader et al., 2016; Parker and Pearson, 2021) and was likely concomitant with magmatism associated with the Beaverhead pluton (Link et al., 2017a).
5.The contact between the quartzites of the Lemhi sub basin and crystalline basement of the Dillon block of the Wyoming craton is inferred to be steeper than the Cabin thrust due to along-strike variability in the hanging wall of the Cabin thrust (M'Gonigle, 1993,
1994) and coarse conglomeratic units that suggest a proximal source for Lemhi sub basin strata near Maiden Peak Prong (Tysdal, 2002).

6a."“Regional”is constrained at ~ 4.5 km bsl based on the lowest elevation of the basement-cover contact in the hanging wall of the Blacktail-Snowcrest uplift which has been seismically imaged ~ 75 km northwest of the cross section (Lopez and Schmidt, 1985) and
~20 km southwest (McDowell, 1997).

6b. “Regional”is constrained at ~ 4.5 km bsl based on the lowest elevation of the basement-cover contact in the Crazy Mountains basin according to the seismic survey of Johnson et al., (2005) and the depth-to-basement map of Bergantino and Clark (1985).

7.The Cambrian section pinches out between the Tendoy Mountains and the Blacktail Range.

8. The sub-Beaverhead unconformity cuts down section to the east, consistent with deposition during exhumation of the Blacktail-Snowcrest uplift (e.g. Garber et al., 2020).

Parker, S.D., and Pearson, D.M., 2023, A kinematic model linking the Sevier and Laramide belts in the Idaho-Montana fold-thrust belt, U.S. Cordillera: Geosphere, v. 19, https://doi.org/10.1130/GES02649.1.
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NOTES ON THE CROSS SECTION

1. The modern brittle-plastic transition, and the inferred basal detachment to the Basin and Range normal fault system, are constrained by seismicity to ~15 km bsl (Smith et al., 1985;

Richens et al., 1987).

2. Structurally high Neoproterozoic to Cambrian strata are supported by recent mapping near Borah Peak, 15 km to the southwest (Milton, 2020).

3. Detachment folds in the Central fold belt with wavelengths of ~ 1-5 km are detached in Mississippian limestones and siltstones, while larger wavelength folds are attributed to duplexing of Devoni-
an and older units (Hait, 1965, 1987; Beutner, 1968; M'gonigle, 1982; Messina, 1993)

4.The western limb of the Patterson culmination must dip more steeply than the eastern limb, due to the southwest-dipping Paleozoic rocks in the easternmost Lost River range and the > 25 km wide
gently northeast-dipping monocline in the Lemhi Range (eg. Tysdal, 2002).

5.The Patterson culmination is interpreted as a hinterland-dipping duplex because the SW limb is steeper than the NE limb, and no fault has been mapped at the surface. Several SW-dipping thrust
faults have been mapped in the northern part of the structure, where they cut across bedding at a high angle and display pervasive pressure solution cleavage that is axial planar to large folds with
wavelengths of > 10 km (Tysdal, 2002; Hansen and Pearson, 2016), similar to structures documented in the northern Beaverhead Range (Lonn et al., 2016).

6. NE-verging folds with wavelengths of > 5 km are documented elsewhere in the Lemhi and Beaverhead Ranges (Tysdal, 2002;Lonn et al., 2016), but are not well-constrained along the cross section
because the available mapping is incomplete and outdated.

7. A shallow W-dipping normal fault system is inferred from steeply-dipping strata of the Eocene Challis volcanics and deep (< 2.5 km), narrow half grabens (Janecke, 1992a).

8. A basal Mississippian detachment is inferred from > 1 km wavelength recumbent folds and duplexes mapped in the lower Paleozoic section (Hait, 1965, 1987; Beutner, 1968; M'Gonigle, 1982).

9. A minor thrust is required by Mesoproterozoic quartzite that overlies the Ordovician Kinnikinic Quartzite on Negro Peak (Ruppel and Lopez, 1981).

10. Ordovician to Devonian rocks in the hanging wall of the Hawley Creek thrust are likely structurally continuous across the valley based on outcrops on either side.

11. The Amoco Millford Federal 19-1 well constrains the minimum depth of the Beaverhead Valley to 3 km (https://idahogeology.org/WebMap/WebData/OilGasDetails.asp?IGS_Num=1983-01).

12. Overlapping footwall ramps of the Hawley Creek, Cabin, and Johnson thrust systems are required because Lower Paleozoic rocks are elevated > 6 km above regional in the hanging wall of the
Hawley Creek thrust (Skipp, 1988).

13. The Fritz Creek thrust (Dry Canyon thrust of Lucchitta, 1966; Skipp, 1988) places Mississippian on Pennsylvanian to Triassic rocks and is both folded and cut by the more steeply-dipping Hawley
Creek thrust (Pearson and Link, 2017).

14. The preserved anticline-syncline pair in the hanging wall and footwall of the Hawley Creek thrust and the observed stratigraphic offset suggest heave of <5 km (Skipp, 1988).

15. A major basement-involved thrust (Johnson thrust system) is required beneath the > 15 km wide basement uplift of the Maiden Peak spur. A moderate dip is required in order to restore the crystal-
line basement rock in the hanging wall east relative to quartzites of the Lemhi subbasin (eg. M'Gonigle, 1993, 1994; Tysdal et al., 2005). Shallow dips for the Cabin and Johnson thrust are not preferred
because they require > 70 km of offset, while map relationships suggest only a few kilometers of offset (DuBois, 1982).

16. A low-angle fault, cutting down section to the east, is required to link the Fritz Creek and Medicine Lodge thrusts given the Triassic, Permian, and Pennsylvanian strata in the footwalls. Alternatively,
a blind detachment fault near the base of the Mississippian or in the thin Devonian section, between the Fritz Creek and Medicine Lodge thrusts, is required (enigmatic breccias of M'Gonigle, 1982;
and thrust in the Luff Exploration Hansen 1-27 well of Dubois, 1982). Thrust faulting across a preexisting fold is most consistent with field observations (Lucchitta, 1966) given the current available
mapping and may explain younger on older relationships and anomalously thin stratigraphy between the Hawley Creek and Cabin thrusts (Evans and Green, 2003; Lund, 2018).

17. The Fritz Creek, Medicine Lodge, McKenzie, and Four Eyes Canyon thrusts are correlated to a regionally continuous thrust system that place Devonian to Mississippian on younger Pennsylvanian to
Cretaceous rocks and links strain between the Central fold belt and the McKenzie thrust. Burial related to thrusting is inferred from elevated temperatures in footwall rocks of this system. The Fritz
Creek, Medicine Lodge, McKenzie and Four Eyes Canyon are all later truncated by the Hawley Creek, Cabin, and Johnson thrusts, respectively.

18. The Medicine Lodge thrust is more gently-dipping than the Cabin thrust, folded by the underlying Johnson thrust, and cut by the overlying Cabin thrust (Skipp, 1988).

19. Johnson thrust system shown as small imbricates (Johnson A-B of Dubois, 1982) to main thrust (Johnson D of Dubois, 1982). This relationship is consistent with that in the Luff Exploration Hansen
1-27 well ~ 25 km northwest of the cross section (Dubois, 1982).

20.The Four Eyes Canyon and McKenzie thrusts and their footwall plunge into the cross section at 35-45° (Perry et al., 1988; Williams and Bartley, 1988). Based on down-plunge projections, the Tendoy
and Kidd thrusts (described in Amoco McKnight Canyon 1 well by Perry et al., 1988) do not intersect the cross section.

21.The Four Eyes Canyon and McKenzie thrust system are folded in a footwall syncline that restores to the hanging wall anticline of the Johnson thrust system. Therefore, the Johnson thrust system
postdates the Four Eyes Canyon and McKenzie thrusts and Mississippian rocks on either side of the Muddy-Grasshopper normal fault restore to different structural positions. Maximum temperature
data supports this interpretation (Parker et al., 2022).

22. Normal fault geometry of the Muddy-Grasshopper system comes from Janecke et al. (1999).

23.The sub-Beaverhead unconformity has > 5 km of relief between the Tendoy Mountains and Blacktail Range, according to available mapping, and gravity and well data (Johnson, 1981; Perry et al.,
1988; Stickney and Lageson, 2002). Post-thrusting normal faults account for < 0.5 km of this relief (Regalla et al., 2007).

24. A detachment depth of >20 km bsl (McBride et al., 1992) is required for the Snowcrest thrust because it dips 20-35° (McBride, 1988) and the Blacktail-Snowcrest uplift has a wavelength of >70 km
(McBride, 1988, Lopez and Schmidt, 1985). This serves as a minimum depth to the basal detachment.

25. Folding of Mississippian and younger rocks (Blacktail salient of Perry et al., 1985) predates the Jakes Canyon thrust.

26. Minor back thrusts in hanging wall of Blacktail-Snowcrest uplift are reactivated as normal faults (Tysdal, 1981; Schmidt and Garihan, 1983; Schmidt et al., 1988).

27.The trace of the Snowcrest-Greenhorn thrust does not cross the cross section line.

28.The younger and steeper Spanish Peaks fault system (ca. 55 Ma; Kaempfer et al., 2019) cuts the older Scarface-Hilgard thrust system (79-68 Ma, Tysdal et al., 1986; Schmidt and Garihan, 1983;
Kellogg, 1993; Kellogg and Harlan, 2007). The geometry and stratigraphy of the footwall are unconstrained.

29. Imbricate of sub-Bridger thrust is constrained by the Sohio Moats 1-3 well that documents duplication of the Mississippian-Devonian part of the section (Lageson, 1989).

30. General structural interpretation of the sub-Bridger thrust system and the Battle Ridge back thrust is consistent with previous workers (Lageson, 1989; Skipp et al., 1999), with duplexes added in
sub-surface in order to balance the cross section.



