
Cross sec- 
tion label 

Boring or 
site no. 

Radiocarbon age 
(yr B.P.) 

Notes (sample elevation is ft above or below sea level)
  

1a AES–2 41,270 ±1,610 Associated Earth Sciences (AES) unpublished radiocarbon age (J. Saltonstall, written
commun., 2007); surface sample elevation ~955 ft; located 3,300 ft SSE of the west 

 

2a TW–1 24,750 ±980 Associated Earth Sciences (1987); sample elevation at ~270 ft; located near west end 
of Cross Section A in unit Qco  

3a TW–1 25,280 ±550 Associated Earth Sciences (1987); sample elevation at ~500 ft; located near west end 
of Cross Section A in unit Qco

4a B289B 3,040 ±80 Associated Earth Sciences (1995); sample elevation at 392 ft; located near middle of 
Cross Section A in unit Qa 

5a W80 5,720 (no error 
reported) 

GeoEngineers (1995); sample elevation at ~320 ft; projected ~5,600 ft north near 
middle of Cross Section A in unit Qa 

6a W80 >43,000 GeoEngineers (1995); sample elevation at ~ –51 ft; projected ~5,600 ft north near 
middle of Cross Section A in unit Qcw  

1b TW–2 29,460 ±1,380  Associated Earth Sciences (1987); sample elevation at ~530 ft; located near west end 
of Cross Section B in unit Qco  

2b 08–4M 45,540 ±930 This study; surface sample elevation at ~510 ft; located near the west end of Cross 
Section B in unit Qco at age site 4M; may be “infinite” 

3b 08–11L >44,020 This study; surface sample elevation at ~495 ft; located in unit Qco at age site 11L 
(Plate 1) near Rattlesnake Mountain fault no. 1 on Cross Section B 

4b 08–31C >43,870 This study; surface sample elevation at ~555 ft; located in unit Qco at age site 31C 
(Plate 1) near Snoqualmie River on Cross Section B 

end of Cross Section A in unit Qco at age site AES-2 (Plate 1); organic sediment

Table 1. Radiocarbon age key for Cross Sections A and B. Cross section labels are ordered from left to right and relate age 
date symbols on the cross sections to those on the map. Symbols are either from a borehole site or horizontally projected 
from a surface sample site near the cross section line. For more details, see table 1 of Dragovich and others (2009a), which 
also discusses Olympia bed samples in the Fall City 7.5-minute quadrangle (Dragovich and others, 2007).
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Figure 4D. Tokul Creek 
Fault Zone Hypocenter Profile

Figure 4C. Snoqualmie Valley Fault 
Hypocenter Profile 

Figure 4B. Rattlesnake Mountain 
Fault Zone Hypocenter Profile
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Figures 4B–D. Hypocenter profiles showing major mapped faults in the Snoqualmie quadrangle. Hypocenter profiles are reduced 50 percent from the 
profile lines shown on Figure 4A. Profiles A–A′, B–B′, and C–C′ show hypocenters projected onto the profile line. Inferred fault geometries are speculative 
at depth. Figure 4B is the best profile orientation for comparing the shallow hypocenter locations with the inferred strands of the RMFZ; this profile is near 
geologic Cross Section A as shown on the epicenter map (Fig 4A). Figures 4C and D are the best profile orientations for comparing the hypocenter 
locations with the Snoqualmie Valley fault and Tokul Creek fault zone, respectively. Note the focal mechanisms with flat focal-plane solutions at depth 
(>15 km) with north–south primary axes of compression. These mechanisms may be related to a regional décollement or similar flat or gently dipping 
structure at depth that is apparently accommodating north–south compression. RL, right-lateral focal mechanism solutions associated with the Griffin 
Creek and (or) Snoqualmie Valley faults; LL, left-lateral focal mechanism solutions associated with the Tokul Creek fault zone. Fault names: GCF, Griffin 
Creek fault; RMF, Rattlesnake Mountain fault; SVF, Snoqualmie Valley fault; TCF, Tokul Creek fault.
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?
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Fig. 4A (epicenter map) only:

Profile line

Fault—dashed where inferred; dotted where concealed

Focal mechanism icon with earthquake catalog 
identification number (courtesy of Pacific Northwest 
Seismic Network); number format is year-month-day- 
hour; for an explanation of focal mechanism, see 
http://www.pnsn.org/recenteqs/beachball.html

Figs. 4B–D (hypocenter profiles) only:
Hypocenters projected 0 to 2 km from either side of 
profile line

Earthquake epicenter or hypocenters projected 2 to 5 km 
from either side of profile line

Fault—dashed where inferred; queried where uncertain

Relative fault movement away from the viewer

Relative fault movement toward the viewer

Relative fault movement in the plane of the profile

Figs. 4A–D:
Earthquake epicenter (or hypocenter on profiles); 
bars indicate location error; circle size indicates 
magnitude; color indicates depth; see depth scale below

Two largest earthquakes in the map area (Md=4.2 and 
3.3) (these earthquakes have no waveform data; original 
catalog location unverifiable and should be considered 
poor)

Figure 4A. Epicenter map of the Snoqualmie 7.5-minute quadrangle showing 
relocated earthquakes and focal mechanism earthquake data for the study area. 
Location errors are shown by the bar symbols. Locations of hypocenter profiles 
shown on Figures 4B–D are indicated by green lines. Note the dominance of focal 
mechanisms with reverse-fault focal plane solutions. Only one shallow earthquake 
(199702062217) located in the center of the quadrangle was large enough 
(Md=2.3) to have a fully reliable focal mechanism, and it suggests a reverse fault 
with a slight strike-slip component. Earthquakes with dextral strike-slip focal 
mechanism solutions occur near Rattlesnake Mountain fault (RMF) no. 1 (main 
strand) and (or) RMF no. 11 in the North Bend quadrangle (Dragovich and others, 
2009b). A few mechanisms suggest dextral strike-slip faulting deep below the 
surface trace of the Snoqualmie Valley and (or) Griffin Creek faults. Tokul Creek 
fault zone hosted several deep strike-slip microearthquakes. If they occurred on a 
fault with a strike similar to the Tokul Creek fault, they would suggest left-lateral 
motion with a slight downward motion of the hanging wall. RMF, Rattlesnake 
Mountain fault.

0 2 4 6 8 10 12 14 16 20 24
Hypocenter Depth (km)

Magnitude
1 2 3

Md=3.3 
(197306091111)

Md=4.2

Md=3.3

Md=4.2

Md=3.3

Md=4.2 
(197812310323)





- 3
5

- 3
5

-3
0

- 3
0

- 3
0

- 3
0

- 2
5

- 2 5

 

R
M

F-11A

RM
F-8

RMF-8

SNOQUALM
IE

VALLEY

FAULT

G
RIFFIN

C
R

EEK

FAULT

TO
KU

L

C
R

EE
K

FA
U

LT

LAKE ALICEFAULT
RMF-4

RM
F-3

RM
F-3

RM
F-7RM

F-1R
M

F-4

RM
F-11B

RM
F-1

RMF-1

A

A¢

B

C

C¢

RS
RF

TF VSF1

VSF2

MP?

MP1MP?

SVB

WMB

NBB

OEC?

GB

GB

D¢

D

B¢

TC
F

R
M

F-
8

R
M

F-
1

R
M

F-
11

A

R
M

F-
11

B

S
V

F

R
M

F-
3

R
M

F-
4D D¢

1.0

0.0

1.5

0 2 4 6 8
Distance (km) 

0 2 4 6 8 9
Distance (km) 

D D¢

D D¢

G
ra

vi
ty

 (m
G

al
s)

 

-34

-32

-30

-28

M
ag

ne
tic

s (
nT

) 

-180

-90

0

D
ep

th
 (k

m
)

(f
ee

t)

47°37¢30²

121°52¢30²

50¢00² 47¢30² 121°45¢00²

35¢00²

47°30¢00²

32¢30²

RM
F-6

 

Observed 
Calculated
Geophysical datum 

Anomalies

D
ep

th
 (k

m
)

(f
ee

t)

1.0

1.0

0.0

TC
F

R
M

F-
8,

 S
V

F

R
M

F-
1

R
M

F-
11

A

R
M

F-
11

B

C C¢

C C¢

C C¢

G
ra

vi
ty

 (m
G

al
s)

 

-36

-30

-24

M
ag

ne
tic

s (
nT

) 

-200

-100

0

?

Observed 
Calculated
Geophysical datum 

Anomalies

??

Figure 3B. Profile C–C¢

Figure 3C. Profile D–D¢

(3,281)

(5,905)

(4,921)

(3,281)

Figures 3B-C. Gravity and magnetic modeling profiles C–C′ and D–D′ (2X vertical exaggeration); locations 
shown on Figure 3A. Profile D–D′ is near and mostly subparallel to geologic Cross Section A–A′; endpoints 
coincide. Profile C–C′ was constructed to more accurately constrain geologic unit thickness because, unlike 
D–D′, it is perpendicular to the gravity and magnetic contours. Cataclasites have the same magnetic properties 
as the unit they are derived from, but with a lower density. The model is assumed to extend to infinity in both 
directions perpendicular to the profile.  is the density contrast relative to normal crust (2670) in kg/m3;  is 
magnetic susceptibility in SI units multiplied by 1000. See Cross Sections A and B for a more accurate depiction 
of the inferred offset of Quaternary geologic units by the faults (inferred fault offsets are generalized in these 
profiles). RMF; Rattlesnake Mountain fault, SVF; Snoqualmie Valley fault, TCF; Tokul Creek fault.
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Gravity contours—hachures point in the direction of decreasing gravity 
values; contour interval 1 milligal

Fault—dashed where inferred; dotted where concealed; queried where 
uncertain; solid lines indicate fault locations that coincide with abrupt 
geophysical boundaries and are thus better constrained; dashed lines have 
more geophysical and stratigraphic uncertainty

Geologic cross section line

Gravity and magnetic profile line

Figure 3A. Gravity and aeromagnetic map of the Snoqualmie 7.5-minute quadrangle with isostatic gravity anomaly 
contours (Anderson and others, 2006) superimposed on the aeromagnetic anomaly map (Blakely and others, 1999). Note: 
fault symbology simplified from geologic map (Plate 1) for clarity. GB, metagabbro; MP, volcanic rocks of Mount Persis; 
NBB, North Bend basin; OEC, undifferentiated continental sedimentary rocks; RF, Renton Formation; RMF, Rattlesnake 
Mountain fault; RS, volcanic rocks of Rattlesnake Mountain; SVB, Snoqualmie valley basin; SVF, Snoqualmie Valley fault; 
TCF, Tokul Creek fault; TF, Tukwila Formation; VSF, volcanic rocks of Snoqualmie Falls; WMB, Western mélange belt.
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Figure 2. Study area bedrock-top contour map. Map compiled using surface mapping, well and boring logs, and published 
and unpublished depth-to-bedrock information (Jones, 1996; S. Kahle, USGS, written commun., 2009; J. Saltonstall and C. 
Koger, Associated Earth Sciences, Inc., written commun., 2009). Geophysical data (Fig. 3) was consulted in areas of 
sparse subsurface data (see queried contours). Main data source was 1200 wells, geotechnical borings, and test pits (210 
wells or borings penetrated the top of bedrock) and incorporates data from geotechnical investigations around Snoqualmie 
Falls, on Snoqualmie Ridge, and during exploration of the Snoqualmie basin aquifer (Associated Earth Sciences, 1987, 
2003). Closely spaced bedrock-top contours reveal linear features that may define ancient channels of the Snoqualmie 
River along Rattlesnake Mountain faults (RMF) nos. 3 and 4 and along inferred fault strands below the Snoqualmie basin. 
Scouring of these channels developed during or before deposition of the Whidbey Formation (Cross Sections A and B). 
Approximate Quaternary–Pliocene(?) deposit thickness can be obtained by comparing bedrock-top elevations with the 
Snoqualmie topographic base map on Plate 1.
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FIGURE 1 EXPLANATION

 Volcanic and sedimentary rocks (Miocene)„vc

af Artificial fill and modified land (Holocene)

Qa Alluvium (Holocene)

Qls Landslide deposits (Holocene)

Qgn
Glacial and nonglacial deposits, undivided 
(Pleistocene)

„va  Fifes Peak Formation (Miocene)

„vas  Volcanic rocks of Snoqualmie Falls (Miocene)

„…igd Granodiorite and gabbro of the Snoqualmie 
batholith (Miocene–Oligocene)

„…va  Rocks of Eagle Gorge (Miocene–Oligocene)

…Eva Ohanapecosh Formation (Oligocene–Eocene)

…En
Nearshore sedimentary rocks of the Blakeley 
Formation (Oligocene–Eocene)

KJm  Low-grade metamorphic rocks of the Western 
mélange belt (Cretaceous–Jurassic)

See ‘Geologic Symbols’ on Plate 1
       for fault and fold symbology

 Volcanic rocks of Rattlesnake Mountain 
(Oligocene–Eocene?)…Evar

Volcanic and sedimentary rocks; includes the 
Puget Group, Raging River Formation, and 
volcanic rocks of Mount Persis (Eocene)

Evc

Figure 1. Simplified geologic map of the region (modified from Dragovich and others, 2002, 2009a). The outline of the Snoqualmie 7.5-min 
quadrangle is bold. Site 1: Deformed Olympia beds along Rattlesnake Mountain fault no. 5 (RMF-5) of Dragovich and others (2007); this fault is 
inferred to form the westernmost boundary of the Rattlesnake Mountain fault zone (RMFZ) west of the quadrangle and may be the main bounding 
fault to the Seattle fault zone in the Fall City quadrangle. Site 2: Uplifted ancient Snoqualmie River alluvium (Olympia beds) of Dragovich and others 
(2007) and this study. Site 3: Southeastern limit of the active Southern Whidbey Island fault zone of Sherrod and others (2008); occupies a wide band 
a few miles northwest of this site. Site 4: Tolt Hill growth fold anticline of Dragovich and others (2007). Site 5: Linear slope break along the edge of the 
Snoqualmie River valley; aligns with lineaments along Ames Lake and forms the inferred northward extension of the RMFZ main strand (RMF no. 1). 
Site 6: Deformed recessional outwash near the RMFZ main strand (RMF no. 1) in the Carnation 7.5-minute quadrangle (Dragovich and others, 2007). 
Site 7: Probable RMFZ splay into the Olympic–Wallowa lineament (OWL) as mapped by Dragovich and others (2009b) south of the map area. 
Site 8: Approximate isoseismal map location of the Tolt River earthquake of Bradford and Waters (1934). Note: fault symbology simplified from 
geologic map (Plate 1) and Dragovich and others (2007, 2009a,b). SVF, Snoqualmie Valley fault; GCF, Griffin Creek fault; TCF, Tokul Creek fault.
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1a. 41.2 ka 

Fault—dashed where inferred; queried where uncertain

Ticks showing extent of surficial geologic units too 
thin to show at scale as polygons

Relative fault movement away from viewer

Relative fault movement toward viewer

Relative fault movement in plane of cross section

Radiocarbon age date projected onto cross section; see 
Table 1 for age date information

Water well or boring

           CROSS SECTION MODELS
We examined ~575 wells, ~300 geotechnical 
borings, and ~325 test pit logs from various 
sources. We show a composite well (multiple 
borings at one point on the map) where well and 
boring locations are closely spaced and (or) where 
subsurface geologic conditions are consistent. 
Radiocarbon ages shown on the cross sections and 
Table 1 are further described in Dragovich and 
others (2009a). The bedrock top contour map (Fig. 
2) is generally consistent with Cross Sections A and 
B. However, bedrock top elevations shown on the 
cross sections may slightly diverge from our 
bedrock top elevation map due to the addition of 
new information to Figure 2 just before publication 
(Curtis Koger and Jenny Saltonstall, AESI, written 
commun., 2009). Although other solutions are 
possible, our geophysical model (Fig. 3) of the 
Snoqualmie basin is consistent with the stratigraphic 
arrangement we postulate. Relocated hypocenters 
near Cross Section A are shown on Figure 4B. The 
Western mélange belt (WMB) pre-Tertiary basement 
was mapped as far west as Rattlesnake Mountain 
fault no. 6 (RMF-6) in the North Bend quadrangle as 
well as the southern part of the map area (Plate 1). 
RMF-6 splays into RMF-11 south of the cross 
sections and thus RMF-11 represents the western 
edge of the WMB in both cross sections. North of 
the cross sections, RMF-11 splays into the RMFZ 
main strand (RMF-1) and thus RMF-1 defines the 
edge of the WMB along the west-central portion of 
the map area consistent with subsurface mapping in 
the adjacent Fall City quadrangle (Dragovich and 
others, 2007). The lower part of unit Qglv may 
contain some older deposits. The extent and 
thickness of the Renton Formation (unit Ecr) 
mapped in the subsurface east of RMF-3 is poorly 
constrained. Renton strata east of this fault should 
be considered undivided Puget Group and may 
include any Puget Group formation of relatively low 
magnetic susceptibility, such as the Renton or Tiger 
Mountain Formations or volcanic sedimentary rocks 
of the Tukwila Formation. The lower part of unit Evst 
on the cross sections may contain some Tiger 
Mountain Formation interbeds. Geologic cross 
section lines are shown on Figures 2 and 3A. Major 
sources of subsurface data include Associated 
Earth Sciences (1987, 2003) and Klohn Cripper 
Berger (2007).
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Geophysical, Stratigraphic, and Structural Analyses of the Snoqualmie 7.5-minute Quadrangle, King County, Washington
TERTIARY TO QUATERNARY DEFORMATION IN THE MAP AREA—
FAULTS, BASINS, AND FOLDS

Tertiary to recent deformation of the study area has resulted in basins that are bounded by strike-slip to oblique- 
slip faults, although some faults with a significant vertical component of slip are mapped in the northeastern part 
of the area. The basins are located within the broad Rattlesnake Mountain fault zone (RMFZ), a regional 
strike-slip fault zone that likely correlates with the Southern Whidbey Island fault (SWIF), northwest of the map 
area (Fig. 1, site 3; Sherrod and others, 2008; Dragovich and others, 2007). The RMFZ likely merges with the 
Olympic–Wallowa lineament south of the map area and truncates the Seattle fault zone west of the map area 
 (Fig. 1, sites 1 and 7). The Miocene volcanic rocks of Snoqualmie Falls are preserved in one of these fault- 
controlled basins. Some Quaternary basins within the RMFZ are best modeled as inverted sedimentary basins that 
are shortened and uplifted former extensional basins. Basin inversion is facilitated by compressional reactivation 
of extensional faults and generates a distinctive deformational architecture. The thick accumulations of 
Quaternary sediments in the North Bend, Snoqualmie Valley, and Snoqualmie basins (Figs. 1 and 2) are 
suggestive of ongoing extension. However, the older Olympia beds on Snoqualmie Ridge provide the best 
example of an inverted basin. These exceptionally thick beds of ancient Snoqualmie River alluvium are elevated, 
folded, and faulted within the RMFZ. There are other possible inverted basins in the RMFZ. Growth folding may 
accompany part or all of the compression that drives uplift. The Tolt Hill growth fold (Fig. 1, site 4) of Dragovich 
and others (2007) is interpreted to be one of a number of possible growth folds in the area. Tilted or folded 
Olympia beds are unconformably overlain by Vashon glacial deposits in many areas. For example, Olympia beds 
at critical site 13V (Plate 1) dip steeply to the southeast along an inferred fold axis and are overlain by gently 
dipping Vashon glaciolacustrine deposits (fig. 5 in appendix 5 of Dragovich and others 2009a). 

Obtaining direct field evidence for Holocene motion on fault strands in the region is complicated by dense 
vegetative cover and urbanization. In lieu of trenching suspected fault traces, fault investigations must rely on 
sparse outcroppings near lineaments. Faults are mapped on the basis of our interpretation of geographic, 
geophysical (Figs. 3 and 4), geomorphic, and stratigraphic lineaments or anomalies, as well as our interpretation 
of deformational features observed in outcrop, both locally and regionally (Dragovich and others, 2007, 2009a,b). 
Also, some faults are aligned with buried bedrock escarpments or lineaments illustrated on Figure 2. We have 
queried faults where the evidence of faulting is indirect (for example, geophysical lineaments) and (or) the 
evidence for faulting is from poorly exposed outcrops near short or subtle lineaments visible on lidar. 
Long-term strike-slip fault movement on the RMFZ is indicated by outcrop structures, fault-strand linearity, its 
resemblance to a negative flower structure (for example, Fig. 4B), along-strike variation in structural features, and 
the occurrence of inverted pull-apart basins. Quaternary activity along strands of the RMFZ is suggested by 
steeply dipping fractures, small faults, sand dikes, and other liquefaction features in Vashon glacial deposits and 
Olympia beds near these faults. (See critical sites noted in unit Qtz description on Plate 1 and sites 5 and 6 on 
Figure 1.) Tectonic faults, fractures, slickenlines, and associated liquefaction features—sand dikes and flame 
structures—differ from the soft-sediment deformation structures locally noted in advance lake and outwash 
deposits, resulting from ice shear (critical sites 1H, 33AG, 33M, 38L, 54N, 54Z, and 56Q, Plate 1). Ice-shear 
structures at these sites have a ductile-flow aspect and display recumbent folds and other structures resulting from 
low-angle simple shear. Some of these faults have been active in the Quaternary. Available information suggests 
that Rattlesnake Mountain faults (RMF) nos. 1, 6, 11, and perhaps 3 and 4, are active or have had Holocene 
displacement. Older Pleistocene displacement can be more firmly established for all these faults, particularly RMF 
nos. 1, 3, 4, and 11, on the basis of the deformational structures observed in the older Olympia beds in the Fall 
City, North Bend, and Snoqualmie 7.5-minute quadrangles (this study; Dragovich and others, 2007, 2009a, b). 

Significant dip-slip motion on the Tokul Creek and Snoqualmie Valley faults is indicated by the westerly 
“stratigraphic younging” from pre-Tertiary to Eocene to Miocene across these faults. Miocene rocks are exposed 
at the surface west of the Snoqualmie Valley fault. The Griffin Creek fault is mapped along a wide lineament that 
is oblique to the glacial fluting and general glacial grain. The lack of offset of flutes and smooth nature of this 
lineament suggest that this inferred fault zone is dormant. Although two short, subtle terraces visible on lidar in 
the north-central part of the quadrangle may be active fault scarps, we cannot rule out landsliding or latest 
Pleistocene to Holocene erosion as causes for these scarps. The Tokul Creek fault generally juxtaposes Western 
mélange belt basement against Eocene volcanic rocks of Mount Persis (Fig. 3). This fault was mapped regionally 
by Tabor and others (1993)(Fig. 1) and could be a Cascade Range frontal fault accommodating Cascade Range 
uplift. The concentration of midcrustal to shallow earthquake hypocenters around the Tokul Creek fault and 
subparallel faults implies an active fault or subparallel faults; several hypocenters along the projection of these 
high-angle faults have left-lateral strike-slip focal mechanism solutions (Fig. 4). We call this family of north- 
northeast-trending faults the Tokul Creek fault zone. The Tokul or Griffin Creek faults may be implicated in the 

Tolt River earthquake, directly north of the map area (site 8, Fig. 1), described by Bradford and Waters (1934). 
The Snoqualmie Valley fault juxtaposes Eocene volcanic rocks of Mount Persis with younger Miocene to 
Oligocene volcanic (units „vas and „vbxs) and marine rocks (unit …En) indicating a long-term component of 
dip-slip or oblique-slip motion (Fig. 4). Some earthquake focal mechanisms near the Snoqualmie Valley and 
Griffin Creek faults have right-lateral strike-slip focal mechanism solutions; one of these faults may define the 
easternmost extent of the regional RMFZ–SWIF structure. Left-lateral and right-lateral strike-slip offset for the 
Tokul Creek and RMFZ, respectively, are consistent with a conjugate strike-slip fault model containing a 
north–south principal axis of stress.

GEOPHYSICAL ANALYSES OF THE MAP AREA

Magnetic and Gravity Anomaly Analyses

Aeromagnetic data comes from a survey contracted by the USGS in 1997. Flight lines are oriented north–south 
and have a 250-m spacing (Blakely and others, 1999). Magnetic anomalies for the map area are strongly 
asymmetric with respect to the source of the magnetic anomaly. Therefore, we present a reduced-to-pole 
aeromagnetic anomaly map, calculated using standard procedures (Blakely, 1995; Fig. 3A). This filter moves 
magnetic anomalies directly over the magnetic source units. We upward continue the reduced-to-pole magnetic 
grid to 50 m above the flight altitude and then subtract the product from our original magnetic grid. The resulting 
map isolates the anomalies produced by near-surface magnetic rocks. Recent data constrain the isostatic gravity 
anomalies for this region (Anderson and others, 2006). Standard formulas and reduction procedures (Blakely, 
1995), as well as a reduction density of 2670 kg/m3 for the crust, constrain the isostatic gravity anomaly contours. 
Geophysical profile models were calculated with GM-SYS Geophysical Modeling software (NGA, Inc.). 
Sampling of the magnetic grid for the model profile is 250 m, similar to the spacing of flight lines on the 
aeromagnetic survey. Magnetic measurement altitudes in the profiles are matched to the airplane altitude recorded 
by radar altimeter during the aeromagnetic survey. Gravity constraint is considerably sparser—more on the order 
of a grid with a spacing of 1 km between stations in the southern half of the map and 3.5 km in the northern half 
(Fig. 3A). We only display gravity data points that lie within about 1 km of the profile lines. Therefore, some of 
the details on the profiles less than 1 km in width are based on geologic mapping, and though they match the 
existing gravity grid, are not constrained by the geophysics.

Density and magnetic properties of the rocks and rock units used in the two-dimensional geophysical 
modeling are supported by hand sample and outcrop magnetic susceptibility measurements, as well as hand 
sample density measurements (Anderson and others, 2006; Megan Anderson, unpub. data, 2006–2009). 
Geophysical properties of “combined” units are averaged from hand samples of each component, based on the 
percentage of each component exposed in outcrops in the area. For example, greenstone is estimated to compose 
about 15 percent of the Western mélange belt in the map area, an estimate that may be too high for the mélange 
belt as a whole (R. W. Tabor, USGS emeritus, written commun., 2008), but makes the Western mélange belt 
slightly denser than average in our study region. Most of the rock densities and magnetic susceptibilities of units 
closely follow those used for the North Bend quadrangle models (Dragovich and others, 2009b). However, the 
Tukwila Formation is significantly more magnetic in the models presented here, which may be admissible given 
the potential for this unit to contain more magnetically susceptible volcanic tuff breccias towards the west end of 
our models. This is supported by measurements on the Tukwila tuff breccias in the Fall City quadrangle directly to 
the west (Dragovich and others, 2007). Our modeling procedure honors both the mapped lithologic boundaries 
and the thickness of Quaternary sediments (Fig. 2) across the profiles. Deeper boundaries are based solely on the 
geophysical evidence and structural inference. Basement properties are based on modeling from areas farther to 
the west in the Puget Lowland (Anderson and others, 2006).

The strongest geophysical anomaly in the Snoqualmie quadrangle is created by the volcanic rocks of 
Rattlesnake Mountain (RS on Fig. 3A). This strong magnetic high results from a north-northwest–trending 
fault-bounded wedge of magnetically susceptible volcanic rocks that forms the core of Rattlesnake Mountain 
(Dragovich and others, 2009b). Other magnetic rocks in the region include the younger volcanic rocks of 
Snoqualmie Falls (Fig. 3A, anomalies VSF1 and VSF2) and the volcanic rocks of Mount Persis (Fig. 3A, MP1 and 
MP?). The magma source for the volcanic rocks of Snoqualmie Falls, which are preserved in the Snoqualmie 
basin, was probably the Snoqualmie batholith. Magnetic and gravitational lows in the central-southwest portion of 
the map (Fig. 3A, SVB and RF) result from moderately magnetic to nonmagnetic rocks of the Renton Formation 
or the undivided Puget Group occupying RMFZ basins. Other magnetic lows on the map include (1) the area east 
of the Tokul Creek fault, due to the Western mélange belt rocks (Fig. 3A, WMB), and (2) sediments filling the 
north end of the North Bend basin (Fig. 3A, NBB). Thick Tertiary sediments may be responsible for the magnetic 
low along the northern border of the map (Fig. 3A, unit OEC?). Note that most faults mapped in the quadrangle 
track the edges of the different magnetic and (or) gravitational anomalies, with the exception of the Griffin Creek 
fault. Therefore, based on the observation that the Mount Persis anomalies do not appear to be affected by the 
fault, we interpret the Griffin Creek fault to be either older than the volcanic rocks of Mount Persis or to possess 
little offset (perhaps because the fault is young).

Due to the complexity of the subsurface geology, there are many possible subsurface rock geometries that will 
fit our geophysical data. Cross Sections A and B were modified to fit most of the observed gravity and magnetic 
data. In addition, we attempt to constrain the range of plausible results by using densities and magnetic 
susceptibilities for most units that are similar to those used in the North Bend quadrangle (Dragovich and others, 
2009b), where the geology is relatively simple and thus has more uniquely constrained physical properties. Our 
ability to geophysically determine the depth to the base of the volcanic rocks of Rattlesnake Mountain and the 
Tukwila Formation is strongly dependent on the magnetic properties of these rocks, which are variable; therefore, 
there is some uncertainty as to the thickness of these units. The volcanic rocks of Snoqualmie Falls require a very 
high magnetization to fit the magnetic anomaly (Fig. 3A, VSF1 and VSF2). Though a high magnetic susceptibility 
is supported by hand sample and outcrop measurements, lower overall magnetization is acceptable because it can 
be offset by a slightly thicker section or a slightly higher magnetization of the underlying Snoqualmie batholith.

Gravity is strongly influenced by thick pull-apart basin fill in the western half of both profiles (Fig. 3B-C). 
The Quaternary sediments, volcanic rocks of Snoqualmie Falls, and Blakeley Formation are likely basin fill; 
however, older Tertiary volcanic and sedimentary rocks may also fill early RMFZ subbasins. The thickness of 
sedimentary and volcanic rocks is more reliable on profile C–C′ than D–D′, because profile C–C′ trends 
perpendicular to the strike of anomaly boundaries. The thickness assigned to Quaternary deposits across each 
profile depends on the density of those deposits, which is variable, though the modeled depth generally matches 
depth to bedrock determinations (Fig. 2). Low-density cataclasite (unit tz) along the RMFZ (particularly RMF-1) 
is necessary in both profiles to fit the gravity, similar to results for the North Bend quadrangle (Dragovich and 
others, 2009b). Dips of fault-bounded blocks are less well-constrained in this model than in the North Bend study 
because of more complex relationships between packages of magnetic rocks; however, the position of fault- 
bounded rocks matches well with the initial determinations derived solely from structural-stratigraphic inferences 
in the geologic cross section models. There is one important adjustment to the cross section from the geophysical 

modeling: the edges of the undifferentiated Snoqualmie batholith. These boundaries strongly control the position 
of maximum gradients on the flanks of the aeromagnetic high in the middle of each profile. We found that putting 
strongly magnetic batholithic material either to the west of RMF-1 or to the east of the Snoqualmie Valley and 
Tokul Creek faults produced a poor fit of the aeromagnetic anomaly data. Therefore, we are comfortable with the 
faulted-boundary interpretation represented on the model profiles, and the Snoqualmie batholith may not reside 
at relatively shallow depth east of the Snoqualmie Valley fault or west of RMF-1 as implied by the geologic 
Cross Section B. We suspect that the undifferentiated batholith shown in the model is a mixture of gabbroic to 
granodioritic rock types. The gravity and magnetic properties used for these bodies generally have assigned values 
intermediate between there rock types. Basement and nonmagnetic parts of the Western mélange belt are nearly 
indistinguishable geophysically, and the exact location of the boundary between the two units is somewhat 
flexible; for these units, we used rock properties similar to those in the North Bend quadrangle (Dragovich and 
others, 2009b), where the boundary showed more prominently in the gravity data. Metagabbro at depth is 
postulated solely on the geophysics, as required to fit the data, though the metagabbro properties used in modeling 
follow measurements of only a few outcrops in the North Bend area. The magnetization of the Snoqualmie 
batholith gabbro is similar to the volcanic rocks of Snoqualmie Falls—not Snoqualmie batholith granodiorite— 
therefore, the magnetic data suggest that the andesite of the volcanic rocks of Snoqualmie Falls is spatially 
associated with and may be derived from mafic Snoqualmie batholith magma.

Seismicity in the Map Area

To investigate the relation between modern seismicity and the location of mapped faults in the Snoqualmie 
quadrangle, earthquakes from the Pacific Northwest Seismic Network (PNSN) catalog (accessed March 2009) that 
occurred within the Snoqualmie quadrangle between 1980 and March 2009 have been relocated using the 
double-difference algorithm of Waldhauser and Ellsworth (2000). The algorithm uses the fact that ray paths from 
two earthquakes close to a common station are almost identical and the difference in observed travel time can 
therefore be attributed with a high degree of certainty to the spatial offset of the two earthquakes. We used analyst 
picks and did not re-pick arrival times. Furthermore, only three network stations are located close to the source 
region, and the accuracy of the earthquake locations is therefore limited, due both to station distribution and 
possible picking errors. To select earthquakes, we included only those events for which we have waveform data 
(to be able to verify quality of picks) and that had a duration magnitude (Md) of 1.0 or more. This resulted in 153 
events, of which we were able to successfully relocate 133. (A total of 261 PNSN catalog earthquakes of variable 
size and quality occurred in the Snoqualmie 7.5-minute quadrangle from 1969 to 2008.) The largest event 
containing waveform data was an Md=2.9 event that occurred in northwestern part of the quadrangle. Only 23 
shallow (depth <10 km) earthquakes were relocated in the quadrangle. The majority of the microearthquakes 
occur in a depth range of 10 to 18 km (96 out of our 133 relocated events)—shallower and deeper crustal 
earthquakes have been much less frequent. In the North Bend quadrangle (Dragovich and others, 2009b), 
midcrustal microearthquakes are common to slightly greater depths (28 km). First-motion focal mechanisms 
indicate mostly reverse faults and a few smaller areas where strike-slip mechanisms are common. In general, these 
earthquakes are consistent with north–south compression, which is thought to be the dominant mode of 
deformation in this region (Figs. 4A-D). How the midcrustal seismicity connects to shallower seismicity and 
mapped faults is difficult to determine, due to the small number of earthquakes. Therefore our stipulations 
concerning fault geometry using the earthquake data should be considered speculative (Figs. 4B-D). The 
correlation of individual fault strands mapped at the surface with hypocenters at depth depends upon the 
subsurface geometry of the faults, including the fault dip and curvature, which has many degrees of freedom and 
is poorly constrained. Fault dip can be estimated for the uppermost crust by combining the surface fault trace with 
possible fault dips inferred from our geophysical modeling (Figs. 3B-C). This combined dataset provides these 
first-order constraints on the geometry of some of the fault zones: (1) fault strands in the western RMFZ dip to the 
east, (2) fault strands near the main strand of the RMFZ (RMF-1) and Tokul Creek fault zone are subvertical, and 
(3) fault strands in the eastern RMFZ and along the Snoqualmie Valley fault dip to the west. Correlation of 
individual strands with individual hypocenters is partly driven by these general constraints and partly by our 
model of the RMFZ as a strike-slip fault zone containing a negative flower structure (see ‘Tertiary to Quaternary 
Deformation in the Map Area—Faults, Basins, and Folds’ and Dragovich and others [2009a]).
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