The Doty Fault Network: 3D regional deformation applied to seismic hazard characterization in the forearc of Washington State
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_ The Doty fault is one of several east-trending compressional We are applying aeromagnetic and ground magnetic data, a regional gravity grid, high-resolution gravity lines, seismicity from a local broadband network, targeted geologic mapping, An e_v_entual goal _of the WC_SS is to understand the con- 1. E.NE trendipg Doty and South_erp Black Hills faults are parallel to th_e maximum com_pr_ess_.ive stress direction (c,) predicted by rotation (_)f the forearc. Our re-
00, British Columbia Q%sz:o;nmnr;:;ii structures in the Puget Lowland (PL), seemingly at odds provenance characterization of Quaternary to Neogene sediments, dating, lidar interpretation and field reconnaissance of geomorphic features to our research questions. Here we nectivity of all active faults in the PL. Such full knowl- gional gravity map shows a similar result for the Seattle fault and Kingston arch. This indicates that eastern forearc structures are dominated by trench-paral-

<= to NAM, mmiyr with the northeasterly oriented compression along the Juan present initial results largely from the potential field work (see T131-0355 for methods and additional resuilts). edge will help us understand how quickly elastic strain lel tectonic driving forces.
builds on faults in different orientations and how they

might release such strain in the event of an earthquake 2. The NNW-trending Fall Creek fault has major vertical offset, therefore west of the Lincoln Creek uplift, trench-perpendicular c, may dominate. This is further
on a neighboring fault or the subduction interface. The supported by sparse gravity data showing largely N-S trending gradients closer to the coast, likely reflecting broadly north-trending structures.
understudied Doty fault is farther west and south than
other well-studied faults in the greater Seattle urban 3. Gravity studies along the Mount Saint Helens seismic zone (MSHSZ) show active seismicity within a gravity low bounded by NNW-trending faults (Peacock
area and will give us new understanding of strain at the and others, in prep). An outstanding question is how this activity might relate to the long-term earthquake potential of the MSHSZ or connected faults. The
IR N DK Ve SE) 720% s p—— SRR 17/ ====8 e southern end of the PL block. We have the following ob- Doty-Salzer Creek fault system may connect through a series of other faults east of our study area, as suggested by aeromagnetic lineaments in the region
———————— 4 GPSdatais SR\ 1 22 20N 71 N — = Ty / ,5//'//, S A LT WA (i o s O e | servations thus far: (Blakely and others, 2016). Further study is needed to understand the connection.
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e | A e AR ARSI SA e Sar = e A N Additional gravity data collection east and(or) west of current study
A |sostatic gravity map in 2016 with 1 mGal contours. Average gravity station spacing is ~7 km (Finn A Aeromagnetic map with 1 mGal isostatic gravity contours. Strong gravity gradients are clearly asso- S | | i 37 e i ' ISz i JUCHESSSE O S ISR : \ area.
and others, 1991). Gravity highs do indicate Crescent Formation at or near the surface and lows indi- ciated with strong magnetic gradients indicating a similar source. The strength of these correlated gradi- - PR 7 A P 2 A ; + ' | ‘ ' >

P - I M cate zones with generally thicker sedimentary cover, but most strong gradients are not linear and do ents further supports deep-seated fault interpretation with kilometers of displacement. oy - T o iV B e e s = S AN AN )\ We propose new active seismic data across Chehalis River syncline
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The Doty fault is at least 32 (and probably 34) km long and may extend

i west of the southwest corner of the Lincoln Creek uplift.
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3. Is the Doty fault active?
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o ] similar magnitude to the Doty fault bounds the western edge of the Doty Hills. The simplicity and more than one fault strand. In comparison, Salzer Creek fault shows the widest gradient, indicating | N\ iyt [ _ i et i Yl I i SN LG X\\ o
4. How does it link with strength of this gradient suggest that this is a fault, not a fold as suggested by the 100K mapping. We either multiple, widely-spaced faults and(or) fault complexities arising from interactions with the Scam- N7/ Y o= Y il f W) 2 Wi, ~ (Peacock and others JORET S | M We have found no clear evidence that the Doty fault is currently active.

A Active fault map for western Washington state (Czajkowski and Bowman, 2014). neighboring faults to form a informally name th'is the Eall Creek fault. 2) A strong, linear grad.ient also boupds the sogthern edge of mon Creek fault. The_: Scammqn Creek fault gradient has a bend, which may arise from a couple of en ] — Anmaly 1 ? , ;lwzr: S nF .*__ | __ o The lack of Quaternary surfaces crossing or near the fault makes the task
Green faults show signs of pre-Quaternary activity and purple/blue/orange/red network that accomodates 3D the Black Hills, which we informally name the Southern Black Hills fault. 3) A linear gravity low exists echelon strands, typical of oblique transfer structures. : 50 300 20 _../) ' S LT NI A3 more difficult than in other regions of the PL; thus the lack of evidence

faults show evidence of Pleistocene and later seismic activity. regional tectonic strain? south of the mapped axis of the Chehalis River syncline. This could be associated with a blind strand of Ny !’\ \ phsits t : 7 7, L o ok e (e B, O G o e i FEs il

the Doty—Salzer Creek fault system. — —— However, if the Doty fault is not active, then the southern boundary of the
deforming PL block would be farther north, indicating a shift over geologic
time and more concentrated seismic hazard in the central and northern
Washington forearc.

near the surface. The gradient at the northern edge of the Willapa Hills is more gradual and likely not fault gradient from west to east. Westward, a single strong gradient suggests a single, deep-seated fault , / | (4 171 o TR 1Y S S | R Sele NP LNy [ AW/ on interf
fault-related. Three unexpected features are apparent from the new data: 1) A north-trending gradient of extending to the surface (see below). Eastward, the gradient widens, sometimes with steps, indicating //,_’f AL Mg ) || AR TR | e~ I A RO " (Ol B giibl £, due to stress changes on the subduction interface.
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_ T o f AR Ly Crescent Formation is exposed in | omation | % @ | southwest corner of 504 TTTUTttteeeens,,

The crust of southwestern | 9, i the Willapa Hills, Doty Hills and RN A , ©  the Lincoln Creek With enough data, gravity gradients can show the ] / Doty Hills - ?
Washinaton is composed 7 97 Black Hills. Few Quaternary deposits ~ [SE8 88 uplift and Doty Hills. : L - 40- S lone A( :t V e

redom?nantl " bapsalts i ik / oty exist in this region, in contrast to the Ny AR ) See map to the left a.pprOX|mate dip Of? fault, assuming the faults are ! blri?]\géjg I = A k I d t
the Crescent Formation e - J P ka2 78 ¥ - : High Density 30 .

Nt rom ; i | - lent. g a7 i~ Doty—Salzer Creek fault (Doty Hills transect A) is ] . y

the local Siletzia lithology. | £ TN B e e Riverbasalis sy simple enough for this analysis. A convex-up shape
Eocene to Miocene on- oo : Hills. - i ) with a sharp inflection at the base of the steepest
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e Survey of lidar data suggests no active fault
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. ti dd Unconsolidated deposits _ _ ) -F ) sSity rocks over low (here, a reverse fault dlpplng north). The eastern served, slickenlines seem to indicate a S|gn|f_ Logan, R. L., 1987, Geologic map of the Chehalis River and Westport Quadrangles, Washington, Washington Division of
IS magneuc and dense Quaternary - Pliocene Miocene to Eocene Miocene Columbia north and west of here. Further, attitude data demonstrate a disparity in the position and orienta- (Deep Creek-B) data show a more symmetrical pattern typical of ver-

icant com Onent Of |atera| mOtiOn However Geology and Earth Resources Open File Report 87-8, scale: 1:100,000.
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