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BEDROCK STEREONET DIAGRAMS WESTERN SKAGIT COUNTY, WASHINGTON

Stereonet diagrams for the Fidalgo Complex (FC) and the Goat Island terrane (GIT). The
stereonet counting method is Gaussian, smoothed (K=100). The contour intervals are 0, 2, 4,
6.....18 percent data/ 1 percent area. All nets have unweighted analyses. Much of our structural
data is plotted on Plate 1 and this plate (Maps A and B). However, in many areas only the
most representative structural data is plotted due to the map scale. The structural data set also

characteristically found in geologic units of relatively low competence (for example, medisedimentary
sequences containing significant metasiltstones or meta-argillite). Initial shortening is accomplished
throughout much of the stratigraphic sequence by intraformational folding. Further strain and thrust
yielding is progressively concentrated into narrowing zones that approximate simple shear and utilize
incompetent lithologies (for example, thick metasedimentary sequences). Thus, the deformation is
includes data from directly adjacent areas (for example, Deception Pass, Crescent Harbor, and hetero-geneous, and metasedimentary lithologic packages bear much of the semi-penetrative to
Utsalady 7.5-minute quadrangles) which are not represented on our maps. For example, very penetrative deformation, particularly near thrusts. 122°3730"
little of the GIT data obtained from the Martha's Bay area directly south of the Anacortes =
South quadrangle is shown on the maps. Structural symbol numbers referred to in the stereonet Penetrative deformation of metasedimentary rocks of the GIT is much more pervasive. Furthermore,

captions refer to the numbers adjacent to the structural symbols under the map explanation the GIT metasediments contain F1, F2, and F3 folds that record two, possibly three, deformational

(Plate 1). episodes. Thrust deformational fabric sand structures in the FC may be locally present within the GIT.

The structural complexity of the GIT is at least partially the result of it's location within the Darrington-

Devils Mountain fault zone (DDMFZ) in the southernmost portion of the study area (Plate 1). The

DDMFZ is an active strike-slip zone (Johnson and others, in progress) in which deformation began

in the Tertiary, perhaps as early as the mid-Cretaceous. (An expanded discussion of the structural

history of the study area will appear in a future publication.)

MAP B

Representative fault, fracture, joint, and vein data for bedrock in the Anacortes South quadrangle and southeastern corner of the La Conner
7.5-minute quadrangles. See Plate 1 for the geologic map and bedding orientations and Plate 3 for the explanational structure symbols and
additional stereonets.

MAP A

Representative foliation, lineation, and fracture structural data for bedrock in the Anacortes South quadrangle and southeastern corner
of the La Conner 7.5-minute quadrangle. See Plate 1 for the geologic map and bedding orientations and Plate 3 for the explanational
structure symbols and additional stereonets.
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The FC records two main deformational episodes. D1 is a heterogeneous and locally
penetrative thrust deformation dated as mid-Cretaceous by Brandon and others (1988)
elsewhere in the San Juan Islands. D2 is a later high-angle fault episode that is probably
mostly Tertiary. The D1 semi-penetrative to penetrative structural features in the FC (for
example, S1 cleavage and L1 stretching lineations) are only locally observed and are
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Net4.1. Allbedding in the FC. (Poles to bedding.) Includes structure
symbols 1, 2, and 4 (Plate 1). Note the high density of bedding
orientations with a shallow southerly dip. Bedding planes of this ori-
entation are common in deformational zones of moderate to high
semi-penetrative to penetrative thrust shear. Scatter in bedding orien-
tations is mostly the result of the variation in D1 thrust shear strain.
(See Nets 4.17-4.20 for high-strain deformational fabrics in the FC,
including the orientation of overturned bedding.)
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Net 4.3. All S1 foliation in the FC. (Poles to foliation.) Includes
structure symbols 7-16 (Plate 1). Also includes minor Reidel fracture

GOAT ISLAND TERRANE
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Net 4.2. All bedding in the GIT. (Poles to bedding.) Includes struc-
ture symbols 1 and 2 (Plate 1). Note the folding of bedding around
shallowly plunging, mostly east-trending axes (Net 4.12). GIT bed-
ding is subparallel to the GIT S1 cleavage (Net 4.4). GIT bedding is
transposed subparallel to the S1 cleavage in metasedimentary rocks
as evidenced by rarely observed F1 folds of bedding.
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Net 4.4. All S1 cleavage in the GIT. (Poles to bedding.) Includes
structure symbols 7 and 8 (Plate 1). GIT cleavage is subparallel to the
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Net 4.13. Syn-metamorphic veins in the FC obtained from outcrops
containing D1 fabrics (for example, S1 foliations or fractures). (Poles
to veins.) Includes structure symbols 25 and 26 (Plate 1). Veins are
complexly oriented and probably the result of several deformational
episodes. However, veins found in D1 fabrics are typically sub-
perpendicular to the L1 stretching lineation (Net 4.9) and are prob-
ably the result of non-coaxial thrust shear deformation. The dominant
northeast-southwest strike of the veins suggests mostly northwest-
southeast extension subparallel to L1 (Net 4.9).
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Net4.15. F1 axial planes in the FC. (Poles to axial planes.) Includes
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Net 4.14. Syn-metamorphic veins in the GIT. (Poles to veins.) In-
cludes structure symbols 25 and 26 (Plate 1). Veins are complexly
oriented and the result of several deformational episodes. However,
veins found in GIT fabrics are subperpendicular to both the east-west
and NNW-SSE stretching lineation maxima (Net 4.10) and are prob-
ably the result of at least two deformational episodes. The timing and
kinematics of D1 are poorly constrained and may be related to early
movement on the DDMFZ and (or) syn-metamorphic thrust defor-
mation.
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Net 4.16. Fold axial planes in the GIT. (Poles to axial planes.) S1
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of cleavage (typically steeply dipping axial planes on the stereonet).
F2 folds are only locally observed. Late F3 folds result in the broad \
Equal Area folding of cleavage (and the subparallel bedding) along a shallowly
(Schmidt) plunging east-west trend (Nets 4.2 and 4.4). 20 16
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Relatively High-Strain Deformational Fabrics
Stereonet diagrams showing some of the relatively high-strain metamorphic fabrics and 9 70
structural features in the Fidalgo Complex (FC). (See D1 discussion above.) Note the 33 \/’/\ . Skaeit
shallowly south dipping maxima for the various high-strain, planar structural features in Whidbey Island Skagit Bay %\ Whidbey Island agi Bay
the FC. D1 thrusting resulted partial transposition (sub-parallelism) of the bedding (both \( e
upright and overturned) in zones of relatively high strain. The sub-parallelism of these 46
Net 4.5. All post-metamorphic prominent outcrop-scale fractures and Net 4.6. All post-metamorphic prominent outcrop-scale fractures plana:r structures 1s interpr eted to be the result of D1 north- to northwest- directed
faults in the FC. (Poles to fractures and faults.) Includes structure and faults in the GIT. (Poles to fractures and faults.) Includes structure . : . . : .
symbols 21-24 (Plate 1). Many faults and fractre planes contain svmbols: 3104 (Pisto: 13, Faclis:and mieiniod Fractiwe plase oeie thrusting and associated semi-ductile to ductile thrust deformation. North to northwest \Y 99 N
slickenlines or striations (Net 4.7). Although much scatter exists, tations indicate high-angle, largely west-striking faulting within the 1Q 1 1 ic i 1 1 1
et st e el s e ese oo DDMEZ (Platy 1) Mo fasl o o pltts oo ik vergence is implied by the L.l tectonic lineations (Net 3.9), S1 semi-penetrative to
high-angle, northwest- and northeast-striking faults. lines or striations (Net 4.8). penetrative cleavage and Reidel fractures (Nets 3.3 and 4.17), mostly overturned F1 fold 40\ %6
axes (Net 3.11), and extensional veins (Net 4.13). o T~ \ 4822730"
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Net 4.7, All post-metamorphic slickenlines (including striations) in
the FC. Includes structure symbols 27 and 28 (Plate 1). Many slicken-
lines on faults and fractures (Net 4.5) indicate oblique, high-angle
faulting in the FC. Some northeast-striking faults appear to record
largely strike-slip offset.
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Net 4.9. All undifferentiated L1 lineations, including stretching
lineations, in the FC. Includes structure symbols 29-34 (Plate 1).
Tectonic lineations reflect north-south compression (probably intra-
formational thrust deformation). Most lineations shown are stretch-
ing lineations. These lineations occur on S1 foliations, including a
semi-penetrative to penetrative cleavage (Net 4.3). S1 foliation is
locally axial planar to F1 folds of bedding (for example, Nets 4.1 and
4.17-4.20).
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Net4.11, AllF1fold axes in the FC. Includes structure symbols 5 and
6 (Plate 1). F1 folds fold bedding. (See bedding orientation variation
in Nets 4.1, 4.19, and 4.20.) F1 folds typically trend shallowly to the
northeast. Most F1 folds are overtuned and contain a shallowly
dipping S1 axial planar cleavage (Nets 4.3 and 4.17). Outcrop F1
folds are interpreted to mimic large overturned folds in the FC as a

result of D1 thrusting (Plate 2, cross sections E-E’ and F-F'), mright F3 fukis (ot 4.16), A fow ofthe et 53:;: o Abstracts with Programs, v. 32, no. 6, p. A-11. Lowland and eastern Strait of Juan de Fuca region, Pacific Northwest: U.S. Geological Whetten, J. T.; Zartman, R. E.; Blakely, R. J.; Jones, D. L., 1980, Allochthonous Jurassic QE175
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Net 4.8. All post-metamorphic slickenlines (including striations) in
the GIT. Includes structure symbols 27 and 28 (Plate 1). Slickenlines
occur mostly on high-angle faults and fractures (see Net 4.6).
Measured faults and striated fracture planes reflect high-angle, east-
west-striking fault and fracture planes within the broad DDMFZ
(Plate 1). (Compare slickenline orientations with stretching linea-
tions within the GIT [Net4.10].)
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Net 4.10. Stretching lineations in the GIT. Includes structure sym-
bols 29-34 (Plate 1). Stretching lineations in the GIT show two max-
ima: a predominant shallowly east-west-plunging maximum sub-
parallel to the strike of the DDMFZ and a locally observed, shallowly
NNW-SSE-plunging stretching lineation subparallel to the L1 linea-
tions in the FC. GIT stretching lineations occur on a penetrative S1
cleavage (Net4.4).
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Net4.12, Allfold axes in the GIT. Includes structure symbols 5 and 6
(Plate 1), although most data are not shown on Plate 4, Map A. Net
contains a composite of F1 (rare), F2 (local), and F3 (pervasive) fold
axes. GIT folds of all generations very typically plunge shallowly to

the east. Fold axes shown include rare F1 folds of bedding, overturned
and tight to isoclinal F2 folds of the S1 cleavage, and the open and
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Net 4,17, High- to very high-strain S1 foliations and fractures in the
FC. Data from sites containing moderately to very well-foliated
rocks. (Poles to foliation.) Includes structure symbols 7-16 (Plate 1).
Note the high density of foliation orientations with subhorizontal to
shallow southerly dip. Fabric is probably the result of distributed
thrust shear in the FC. S1 foliation locally contains an L1 stretching
lineation (Net 4.9) and is locally axial planar to F1 folds of bedding
(forexample, Nets 4.1,4.17-4.20).
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Net4.19. Overturned bedding in the FC. (Poles to bedding.) Includes
structure symbol 4 (Plate 1). (Bedding top indicators are ambiguous
at many FC sites.) Overturned bedding shows an overall moderately
steep to shallow southerly dip. As shown on Plate 2 (cross section
E-E’, south Similk Bay), well-displayed overturned bedding con-
sistently dips more steeply than the axial planar S1 cleavage dips to
mesoscale asymmetric F1 folds prominent in this area, indicating that
the area resides on the limb of a larger fold. The axial planar S1 folia-
tion (Nets 4.3 and 4.17) locally contains an L1 stretching lineation
(Net 4.9) and is locally axial planar to F1 folds of bedding (for exam-
ple, Net 4.20). Beddings of this orientation are common in defor-
mational zones of moderate to high semi-penetrative to penetrative
thrust shear.
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Net 4.18. Selected Reidel fracture planes and thin protomylonitic
shear zones near thrusts in the FC, (Poles to fractures.) Includes
structure symbols 9, 10, and 16 (Plate 1). Fracture analyses at sites
near thrusts show intercepting Reidel fracture patterns with P shear
zones and subsidiary Y, R, and R’ fracture planes. Striated fracture
planes commonly contain striations that plunge shallowly northwest
or southeast, subparallel to nearby stretching lineations in moderately
to well-cleaved rocks.
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Net 4.20. FC bedding in high- to very high-strain areas containing
moderately to very well-foliated rocks. (Poles to bedding.) Includes
structure symbols 1, 2, and 4 (Plate 1). Note the similar orientation of
FC overturned bedding (Net 4.19) and S1 foliation (Net 4.17). S1
foliation locally contains an L1 stretching lineation (Net 4.9) and is
axial planar to locally observed F1 folds of bedding (for example,
Nets 4.1, 4.11, and 4.17). The D1 fabric is probably the result of
distributed or heterogeneous thrust shear in the FC.
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