Revisiting the Leavenworth fault, southeastern North Cascade Range, Washington
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The SW boundary of the ~49-45 Ma fluvial Chumstick Fm in central Wash- THIS STUDY Age. of deformation SW-NE shortemgg of the Chumstlck. For-
ington has been mapped as the Leavenworth fault: a steeply dipping feature, The Leavenworth fault forms the west- D On Tumwater Mountain the Chumstick-basement contact appears to be mation pre-dates afld post-dates deposition of the early Oligocene
perhaps with largely dextral strike slip, active during regional Paleogene ern boun dary of middle Eocene fluvial Much .of the Chumstick. Forme.ttion. lies in a west-dipping homoclin.e with an as- ) depositional as bedding traces evident in lidar topography are sub-parallel Wenatchee Formation. As noted by Gr.esens (1983), the Wer.latchee
wrench faulting related to accretion of Siletzia. Older crystalline rocks and tounding apparent stratigraphic thickness of more than 9 km. Is this the deposi- to the contact. Note that this was Ben Page’s interpretation in 1939. . .. sits on a profound angular unconformity above the Chumstick Fm
fluvial strata of the ~63-51 Ma Swauk Fm lie SW of the Leavenworth fault. strata of the Chiwaukum structural low tional thickness? How were the strata tilted? What was the genesis of folds that are E Th? P eshastl? sy)ncllne is rootless. It extends from ) and is itself involved in NE verging thrusts.
Farther NE, the steep, NW-striking, dextral Entiat fault separates Chumstick in centr al Wa Shill t Stat It h b locally evident? I seek a map with a restorable structural interpretation as a neces- }C/Vith )?ne exception, observed bedding attitudes in this stretcb of the Leavem.vorth , bwmtol? at 47 4‘; N SEE thm‘éghl Leavenwo;th to 47 Strain vartitionine Fold axes are nof obliaue o Entiat fault ac
strata from crystalline rocks. glon state. as been sary step towards better understanding of the history of central Washington and a fault” are sub-parallel to the contact. The Tumwater Mountain member, which here 32'N, about a km WeSt of Dryden, ?m P unges to the NW. At i P dbv si lg dels of - 9 def on. indi
interprete d as a ste ep normal fault, a guide to the internal geometry of the seismogenic middle crust beneath the Yaki- is well-rounded polymict conglomerate, is a plausible basal conglomerate. Dryden, the west limb of the. syncline disappears and strata Pr e l.Cte y Slmp.e mo .e SO transpresswe. e OrrTlatlor.l, in 1C.at—
Ongoing geologic mapping of the Tiptop 7.5 quadrangle, calculation of . . ma fold belt. . . L beneath the fold are homoclinal. ing either alternatlng episodes of NW'U’ endlr.lg str 1kf.3'.ShP. faulting
strikes and dips from bedding traces evident in lidar topography, and a focus deth‘ al Obllqlle-Sllp fault, and d Yeverse ’Zjhe o.verhang evident in the d.OWI’l-p lunge proj ection 1s .llkely a consequence Of non-cy- Thi ) . h fa sionifi td I and NE-SW shor Fen.mg Or, mo.re hkely, effective part.ltlomng of
on developing a restorable structural interpretation lead to several conclu- fault seemented bv cross faultin In Jate 2018 I began work on a geologic map of the Tiptop 7.5 quadrangle. I lindrical structure, bad mapping, and(or) an unrecognized cross-faull. 1stget0tn£e ll)ry req;lgles ¢ lfl preseice O a Sighiticant Gecotie: transpressive strain 1pto domains of NE'SW shortem.ng (Ijeaven-.
sions: (1) In the Tiptop quadrangle, the Leavenworth fault is a SW-dipping 5 Y 5 learned that, despite steep hillsides and 2,000 ft of local relief, outcrop of modest- ment at the base o the 101d. worth fault, Chumstick Fm) and domains of pure strike slip (Entiat

fault).

ly-indurated Chumstick Formation in this unglaciated terrain is not good. Where

thrust that places complexly-folded Swauk Fm above a thick W-dipping ho- This stu dY sugge sts the “Leavenworth

: : : : : fault” is i ] d 1t1 | tact to thickly crossbedded channel sandstones. aa fj\ B, Rl
by earlier workers as Chumstick Fm and cited as evidence for syn-Chumstick au 1S 1N places a acpositional contac y AN .

displacement on the Leavenworth fault are better interpr etec(l( as part of the and elsewhereis a signiﬁcant thrust that  Yet bedding traces are widely evident in lidar topography of this area. I developed E
?Wi“ik Fm. (3d)bon T‘i.mwateiMU? NV\I; of Lﬁa‘{emg()zt(};’ th? Lheavzl.lwor th laces crvstalline basement over middle code to extract strike and dip from ensembles of digitized bedding traces and
ault” mapped Dy earlier workers 1s subparallel to bedding in the adjacent P y the lidar DEM. Code to export bedding attitudes for analysis in Stereonet (Rick

I});OIYITCE Cor;gls(;micr;te and is elzr/[idenﬂy ;\l;\e,v baial C(?ntaczt oli the Chlf'mz(iCl; Focene strata. Allmendinger, https://www.rickallmendinger.net/stereonet). And code for down-
m. (4) E and SE of Tumwater Mtn, the NW-plunging, 2+ km-amplitude Pe- plunge projection with apparent-dip corrections. These codes, packaged as an

§hast1n syncline is roootless, ?ndlcgtmg an underlying decollemept Whlcb : ArcMap toolbox, are available at https://github.com/rhaugerud/PlanarOrientation-
interpret as the up-dip continuation of the Leavenworth thrust in the Tiptop T sTools

quad. (5) Down-plunge projection of this geology suggests that crystalline

Tectonic setting of Chumstick deposition is undefined This
work does not address the setting of the Chumstick basin, beyond
noting that evidence for strike-slip deposition in later Chumstick
time (coarse fanglomerates of the southern Tumwater Mountain
member of Evans, 1994) has been misinterpreted.

F Down-plunge projection indicates basement rocks overlie Chumstick Formation at A
) south of the town of Leavenworth. Modest uncertainty in the choice of projection axis
does not affect this conclusion. The mapped trace of the axial plane of the Peshastin syncline
trends about 330°. Bedding planes in the Peshastin syncline define an axis 327°/18°. Bedding
planes throughout the domain that includes the Peshastin syncline and much of the Tiptop quad
define an axis 320°/14°. Projection along any of these axes gives similar results. More work is needed Mapping should be extended to the north
end of the Chiwaukum structural low and around the Eagle Creek
horst. McClincy’s (1986) correlations of Chumstick tufts on the
basis of their chemistry should be reexamined in the light of pos-

Cheney and Hayman (2009) explained this map geometry by dextral separation on hypothesized
north-striking. However, lack of offset of the Peshastin syncline make such faults unlikely.

rocks on Tumwater Mtn and the east end of Icicle Ridge overlie Chumstick My working database currently contains 1266 bedding attitudes extracted from The cross section also suggests aduplex within the Chumstick in the area B between Leavenworth sible effects of analytical errors. The structural analysis presented

Fm. lidar topography, 964 attitudes from Whetten and others (1976-1980, via WGS TCATEE. I\ T “ G0 h\ W / R R s - Y : and the center of the Tiptop quadrangle. here could be improved by a clearer understanding of the along-

SW-NE sh , , o 1:24K digital compilation), 408 attitudes from Gresens (1983, via WGS 1:24K dig- 1|8 T\ | \\ AN N = N \ \ Aol iy | | A Y. | | - | strike changes in fold plunge and better delineation of zones within
-NE shortening of the Chumstick Fm predates ~35 Ma deposition of the ital compilation), 905 attitudes digitized from Cheney and Hayman (2009), and Juan) R e AN o5 e AT S VA S - A e WL DR R R Several incongruities (e.g., east dip of the Leavenworth fault at depth C, overhang on the base- which structure is truly cylindrical.

overlying Wenatchee Fm, as evinced by a profound angular unconformi-
ty beneath Wenatchee strata. Shortening continued after deposition of the
Wenatchee Fm, as it is involved in NE-verging thrusts south of the city of
Wenatchee. Trends of fold axes associated with the Leavenworth thrust are

ment-Chumstick contact at the north end of Tumwater Mountain D, irregular fault traces, zig-zags
in tuft beds and fold axes) likely reflect a combination of structure that is not entirely cylindrical
and inaccurate mapping.

118 (and growing) attitudes from my field work.
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Swauk Formation is more lithic, more variable in grain size and bed thickness, and
has more overbank deposits. Some sandstones are dark. Conglomerate clasts in-

Page (1939) described the contact along Tumwater Mountain (47° 37°-40" N)
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Willis (1953) identified the Leavenworth fault and mapped it as extending \Z R are 10°-10" m.

from near Tiptop Mountain (47° 26’ N) to Basalt Peak (47° 58’ N). He de-
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Down-plunge projection of geology
within purple polygon on map at left.

Projection axis 327.2° / 17.6°

Tabor and others (1982, 1987) mapped the Chiwaukum low and surround- e \VATRS S s S Sy
ings at a scale of 1:100,000. Their maps, which show the Leavenworth fault A AT AR 5 NS
as a nearly vertical structure, have been the basis of most subsequent inves-
tigations. In the Chiwaukum low, their maps were largely compiled from
larger-scale mapping by Whetten and colleagues (1976, 1978, 1980a-c) and
Gresens (1983). To the north, the Leavenworth fault separates middle Eocene
Chumstick Fm on the east from Cretaceous crystalline basement (Cretaceous
Mt Stuart batholith, Jurassic Ingalls Ophiolite and metamorphic equivalents)
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which was compiled from Tabor and others (1982, 1987) Whetten, J. T., and Laravie, ]. A., 1976, Preliminary geologic map of the Chiwaukum 4 NE quadrangle, Chiwaukum graben, Washington: U.S. Geological Survey Miscellaneous

. Outline of area from which bedding attitudes were used to Field Studies Map MF-794, scale 1:24,000,

syn-Chumstick deformation on® . . .
calculate axis of Peshastin syncline

In contrast, mapping by Cheney and Hayman (2009) led them to propose the Leavenworth fault

that the Leavenworth fault is a SW-dipping post-Chumstick reverse fault, seg-
mented by their N-striking Icicle Creek and Chumstick Creek faults.

Whetten, J. T., and Waitt, R. B., Jr., 1978, Preliminary geologic map of the Cashmere quadrangle, Chiwaukum lowland, Washington: U.S. Geological Survey Miscellaneous Field
Studies Map MF-908, scale 1:24,000.

Whetten, J. T., 1980a, Preliminary bedrock geologic map of the Chiwaukum NW quadrangle, Chiwaukum graben, Washington: U.S. Geological Survey Open-File Report 80-
456, scale 1:24,000.

Whetten, ].T., 1980b, Preliminary bedrock geologic map east half of the Chiwaukum 4 SW quadrangle, Chiwaukum graben, Washington: U.S. Geological Survey Open-File
Report 80-616, scale 1:24,000.

C The fault between Swauk and Chumstick formations dips SW in the

Eddy and others (2016) presented high-precision ages for the Swauk (60-51 southeast corner of the Tiptop quad. Farther northwest the dip is less well
Ma) and Chumstick (49-44.5 Ma) formations and placed Eocene deposition constrained and may be vertical.

and transcurrent faulting in the context of accretion of Siletzia and interac-
tion with the Kula-Farallon-North America triple junction.

Whetten, J. T., 1980c, Preliminary bedrock geologic map, Chiwaukum 4 SE quadrangle, Chiwaukum graben, Washington: U.S. Geological Survey Open-File Report 80-723,
scale 1:24,000.

B 1 Willis, C.L., 1953, The Chiwaukum graben: a major structure of central Washington: American Journal of Science, v. 251, p. 789-797.
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