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Map Index.   7.5-minute quadrangles around the McMurray 7.5-minute quadrangle, northwest Washington. Bold
quadrangle names are 7.5-minute-scale geologic maps  completed by Dragovich and others  (see ‘References’ to 
the right).  The slight regional curvature of the main strand of the Darrington–Devils Mountain fault zone (DDMFZ)
evident on this map is consistent with the assertion that the  DDMFZ  is a south-dipping structure that locally has
thrust-type geometry.
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Note that the cross section is not a straight line, rather segments that connect geotechnical or water well boring logs
and thus contain multiple bends. Most segments traverse areas of good to excellent geologic mapping control.
The numbers above the wells or borings provide our assigned identification number; water wells begin with "W"
and geotechnical borings begin with "B".

(Note: cross section O–O¢ is from Fortson)
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Note that the cross section M is not a straight line but a series of segments that connect geotechnical or water well boring logs; 
thus the cross section contains multiple bends.  Most segments traverse areas of good to excellent geologic mapping control.
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** all units of the Eastern mélange belt are generalized in 
cross section as unit JŠmte; see map for individual units

* in this cross section, unit Juh includes tectonic  
blocks of units Jhmch, Jigbh, and Jmvh (not shown)

Relative fault motion away from viewer

Relative dip-slip motion on faults
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Earthquakes occurring between 1971 and 1988 are evidence for a zone of crustal seismicity associated with the Darrington-Devils 
Mountain fault zone (DDMFZ). Zollweg and Johnson (1989) termed this feature the Darrington seismic zone (DSZ) and 
characterized it using a portable seismometer array. Focal depths in the DSZ range between 3 and 15 km and decrease to the north. 
(Only those hypocenters near the plane of the cross section are shown, labeled with distance from the cross section; unlabeled 
hypocenters are within about 1000 ft of the cross section.) Zollweg and Johnson show that the DSZ focal mechanism solutions and 
the overall hypocentral geometry show nearly pure roughly north-south thrust faulting. P (compression) axes trend N20–25°W 
(approximately the azimuth of this cross-section), in accord with a regional stress direction due to the relative motion of the Pacific 
and North American plates. We correlate much of the hypocentral data with the main strand of the DDMFZ and infer that some of 
the shallow seismicity is associated with a décollement ( ) between Tertiary sedimentary and volcanic rocks and pre-Tertiary 
metamorphic rocks. The cross-section also shows some Pacific Northwest Seismic Network (PNSN) hypocentral data. Comparison 
of locally imaged earthquake data with the PNSN data indicates that the broader PNSN locates earthquakes much too shallow. For 
example, hypocenters marked with asterisks are PNSN hypocentral data shown to be much deeper by Zollweg and Johnson (1989). 
The cross-section also shows unpublished hypocentral data (J. E. Zollweg, Northwest Geosensing, written commun., 2002). For 
more information on the DDMFZ in this area and nearby, see Dragovich and others (2003).
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possible active DDMFZ décollements (this 
study; Zollweg and Johnson, 1989)

Several clustered Darrington seismic zone earthquake hypocenters (Zollweg and Johnson, 1989; J. E. Zollweg, 
Northwest Geosensing, written commun., 2003) occur from 3.0 to 4.7 mi below sea level (below shown bar) 
directly east-southeast of the cross-section line. Focal mechanism solution data and hypocentral geometry 
suggest that the Darrington seismic zone of Zollweg and Johnson (1989) occurs on a south-dipping thrust fault 
or fault zone within the Darrington–Devils Mountain fault zone (this study; Dragovich and others, 2003).
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Cross Section H.  Puget Sound Power and Light Company (1974) dug seven tightly spaced, north–south and east–west trenches and bored eight 
exploratory drill holes (A–H; 55–89 ft depth) across the main strand of the Darrington–Devils Mountain fault zone (DDMFZ)(see index map left).  Cross 
Section H–H¢  was constructed using this trench and drill hole log information, as well as our local geologic mapping and observations. This information 
was projected onto the plane of the cross section, which follows Puget Power’s trench 1A (index map). The profile for the section was constructed using 
a combination of trench and current topographic and lidar elevation data. Because these trenches were dug on a pipeline egress, some of the land 
surfaces were noted as “graded and disturbed” by Puget Power (1974). Stratigraphic relations suggest a combination of Holocene reverse main-strand 
faulting with an uncertain amount of strike-slip displacement. Fractures and sand dikes were noted in the trench logs. Graben fault B occurs along a 
lidar-defined scarp (Fig. 5, pamphlet). This scarp is associated with distinct stratigraphic displacement noted by Puget Power in their trench logs. They 
previously attributed this displacement to “slumping” (see ‘Darrington–Devils Mountain Fault Zone’ in the pamphlet). Graben fault A occurs along the 
easternmost end of a lidar-defined scarp. Areas of fracturing, shown schematically with point symbols on the cross section, were commonly noted as 
having little or no stratigraphic displacement by Puget Power. This may be suggestive of a component of Holocene strike-slip displacement perpendicular 
to the plane of the main north–south trenches. Note the “uplift” of older Quaternary deposits along the main strand, particularly the apparent uplift and 
erosion of advance outwash (unit Qgav) south of the main strand reverse fault. We have generalized the contact relations between units Qglv, Qgav, Ecc, 
and …Ecbcg on the map plate from the more detailed geologic contact relations on Cross Section B–B¢. Unit tz in the cross section is a broad zone of fault 
gouge and highly fractured rocks formed along the main strand here. The top of unit tz defines a paleovalley that was buried during the last glaciation. The 
tectonic lens of serpentinite noted in drill hole E is likely in-sheared Helena–Haystack mélange basement. The broad zone of gouge, occurrence of the 
exotic pre-Tertiary serpentinite, and tectonic juxtaposition of units Ecc and …Ecbcg are some of the characteristics that constrain this gouge zone to be 
the DDMFZ main strand. See ‘Darrington–Devils Mountain Fault Zone’ and information provided in unit descriptions (units Qglv, Qgav, Qco) in the 
pamphlet for further information, particularly concerning the radiocarbon ages (ages 1, 2, and 3).
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1 (14.7 ka)

Legend Cross Section H

Drill hole showing depth
14C age-date sample showing site number and age in parentheses; 
ages from Puget Power (1974)

Soft-sediment deformation noted in trench by Puget Power (1974)

Sand dike noted in trench by Puget Power (1974)

Fracture noted by in trench Puget Power (1974)

Fault movement indicators:

Strike-slip movement away from viewer

Strike-slip movement toward viewer

Arrows show relative dip-slip movement
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H–H¢ Index Map.  Data presented in Cross 
Section H–H ¢  were projected into the line of the 
cross section from nearby trenches and drill 
holes, located as shown in this map. This map 
represents a small area (outlined in red) in the 
north-central part of the quadrangle.
(Note: cross section H–H¢ from McMurray is at 175%) 
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quadrangle. Pilchuck Creek then passes through the Stimson Hill, McMurray, and Arlington West 
quadrangles. The profile follows Stillaquamish River two miles past the confluence with Pilchuck Creek 
and ends in the eastermost Stanwood quadrangle. The main strand of the DDMFZ is spatially associated 
with a distinct increase in the gradient of Pilchuck Creek. Although multiple variables affect river gradient, 
the change in river gradient is consistent with our finding that the main strand has been active in the 
Holocene.
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Cross Section  G. Abundant subsurface data are available for the study area. We examined 
627 water-well boring logs, 85 geotechnical boring logs from private and public sources, and 
20 test pit logs. To facilitate presentation, we do not show all of the boring and well locations 
used for cross section construction. We also show a number of composite wells in areas 
where well and boring locations are closely spaced and (or) in areas of consistent sub- 
surface geologic conditions. The lower part of unit Qglv on the cross section may locally 
contain some older outwash (unit oo).

Legend Cross Section G
Bedding, dashed where inferred

Well or composite well showing depth

Fault movement indicators:
Strike-slip movement away from viewer

Strike-slip movement toward viewer

Arrows show relative dip-slip movement
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fault dips moderately to the south and 
may connect to the Mount Washington 
seismic zone at depth (see site 12 on map)
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geomagnetic lows mapped by Blakely and
others (1999) north of the main strand are 
correlated (this report) with Tertiary extensional
basin fill (unit Ecc)
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possible flower structure and décollement
at the base of the Chuckanut Formation (unit Ecc)
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EXPLANATION FOR CROSS SECTIONS  D, E, AND F

Contact; dashed where inferred

Overturned fold axis

Fault, dashed where inferred, dotted where projected; 
arrows indicate relative dip-slip motion; circled dot indicates
relative strike-slip motion toward viewer, circled x away

Inferred bedding trace; locally projected above erosional surface

Total magnetic field anomaly cross section (Blakely and others, 1999)
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cataclasites, protomylonites and rare
mylonites along Johnson Creek portion
of DDMFZ; left lateral kinematic indicators

Sample 15D-1: Mineralized subarkose forming a
penetratively deformed protomylonite with systematic
veins and fracture pattern indicating thrust deformation;
petrographic relations indicate that mineralization
forming unit Ju  locally effects unit Ec  and partiallyhl b
accompanies thrusting

Darrington–Devils Mountain fault zone (DDMFZ)

main strand
DDMFZ

Darrington–Devils Mountain fault zone (DDMFZ)

main strand
DDMFZ

*

Darrington–Devils Mountain fault zone (DDMFZ)

Whitehall Creek
thrust fault*

main strand
DDMFZ

Blakely and others (1999) show distinct magnetic anomaly highs over the fault-
bounded unit Ju  in both profile and map views. Serpentinite atop Devils Mountain and Scott Mountain is associated with h
positive (100–150 nT) east–west-trending anomalies caused by the magnetite in the serpentinite matrix of the mélange 
(Dragovich and others, 1998, unpub. data; Whetten and others, 1980). This provides evidence that the Helena–Haystack 
mélange is associated with ultramafite of limited vertical extent (R. Blakely, USGS, written commun. to Dragovich, 1999).

north of the main strand of the DDMFZ 
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by Joe D. Dragovich and Benjamin W. Stanton
2007

Oak and Crescent Harbor Cross Sections.  Abundant subsurface data are available for the study area. We examined 1213 water-well boring logs, 54 U.S. Geological Survey boring logs (including four deep-boring logs), and 892 geotechnical boring logs from 
private and public sources. We also examined 405 test pit logs. To facilitate presentation, we do not show all of the boring and well locations used for cross section construction. We also show a number of composite wells in areas where well and boring locations 
are closely spaced and (or) in areas of consistent subsurface geologic conditions. Nonglacial geologic units are mapped in the subsurface partly on the basis of appreciable organics (peats, sticks, logs) described in the well logs. Some of the unnamed structures 
may not be obvious on the cross sections for several reasons. (1) Because they are growth folds, there are angular unconformities between major geologic units (for example, between the Whidbey Formation and the younger and overlying glacial and non-glacial 
strata). Folding, erosion, and then deposition results in some beveling and a gently inclined contact. (2) Because they are growth folds, the amount of shortening across these structures lessens with time. That is, shortening likely does not affect or only locally 
affects the youngest geologic units. A general sense of the amount of shortening in any particular area can be inferred by noting the overall change in elevation of the Olympia nonglacial deposits (Fig. 1). (3) All of the folds are inferred to be gentle or open folds 
only. For example, the folds in the southern part of the study area are only gentle warps inferred from data obtained in the nonglacial units. (4) The glacial–nonglacial geology is not layer-cake stratigraphy. For example, glacial tills mantle paleotopography and 
thus have an original dip unrelated to deformation. Also, some units thicken, thin, and pinch-out due to basin complexities during deposition, adding to the complex stratigraphic relations suggested in the cross sections. (5) Many cross section segments are not 
perpendicular to the inferred fold axes, thus making many of these structures less visible on the cross sections. Because these folds are inferred largely from bluff information, inland projection of these structures should be regarded as hypothetical awaiting more 
data.
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Schematic north–south cross section showing major faults, undivided 
Quaternary pre-Vashon Stade deposits (unit Qpu), bedrock, and the 
maximum inferred elevation of the Olympia beds as determined from 
subsurface data (cross sections A–C), surficial mapping, and 
provenance data.  Cross section roughly parallels cross section C and 
projects into the Coupeville (Polenz and others, 2005) and Anacortes 
South (Dragovich and others, 2000d) 7.5-minute quadrangles to the 
north. Surface topography not shown. The figure is not intended to 
show the exact relationship between structural features such as folds 
and faults, but to show the overall elevated nature of the Olympia beds 
within fault zones. UPF, Utsalady Point fault; SPF, Strawberry Point 
fault; OHF, Oak Harbor fault, and DMF, Devils Mountain fault with fault 
numbers corresponding to those on the map. Red numbers: 1. During 
Tertiary deposition of the rocks of Bulson Creek, the main strand of the 
DMF was an oblique strike-slip extensional fault. 2. We suggest that 
during the Quaternary, the DMF reactivated as a reverse fault resulting 
from north–south compression in the Puget Lowland. This reverse fault 
may shallow into a regional décollement as suggested for the main 
strand of the DMF east of the study area (Dragovich and others, 
2003a, 2004). 3. Olympia nonglacial sediments (unit Qco), 34,610 ±510 
14C yr B.P. (Polenz and others, 2005). 4. Olympia nonglacial 
sediments, 37,610 ±380 14C yr B.P. (this study). 5. Olympia nonglacial 
sediments, 23,110 ±140 14C yr B.P. (this study). 6. Olympia nonglacial 
sediments, 35,850 ±1100 14C yr B.P. (this study).
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THE DARRINGTON–DEVILS MOUNTAIN FAULT—A PROBABLY ACTIVE REVERSE-OBLIQUE-SLIP FAULT ZONE IN SKAGIT AND ISLAND COUNTIES, WASHINGTON
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Online 7.5-minute geologic (PDF) maps used to construct the poster can be plotted from 
http://www.dnr.wa.gov/geology/pubs/pubs_ol.htm.
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