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Abstract—The Restoration Point Member of the Blakeley Formation, on the southeastern tip of Bainbridge
Island just west of Seattle, Washington, consists of over 1500 m (4500 feet) of turbidites. Outcrops on the wave-
cut platform around Restoration Point were the original basis of the late Oligocene Blakeley Stage, as well as the
type section of the “Echinophoria” (=Liracassis) rex zone. Blakeley “age” rocks yield many important marine
mammal fossils, especially whales. Paleomagnetic samples spanning the key fossiliferous interval of the upper 650
meters of the formation showed a stable remanence held mainly in magnetite, which exhibits a clockwise tectonic
rotation of 80 ± 5°. This is as large as any rotation previously published from the region, but consistent with new
data from the upper Oligocene-Miocene Pysht and Clallam formations on the northern flank of the Olympic
Mountains. Except for one reversed site, the entire formation was normal in polarity. Based on its Zemorrian and
Saucesian benthic foraminifera, we correlate the section with magnetic Chrons C6Cn2n to C6Cn3n (23.7-24.2
Ma), which straddles the Oligocene-Miocene boundary. This is consistent with correlations of similar strata of the
Clallam Formation in the northern Olympics, and the Sooke Formation in southwestern Vancouver Island, British
Columbia, Canada, suggesting that there was a widespread pulse of deposition in the region in the latest Oligocene.
The magnetic polarity pattern of the formation suggests that the entire 650 m of section was rapidly deposited, and
does not span the entire late Oligocene as previously suggested.

INTRODUCTION

Exposures of the Blakeley Formation on Bainbridge Island, just
across Puget Sound and due west of Seattle (Fig. 1), have long played a
prominent role in Pacific Northwest Cenozoic biostratigraphy. Fossils
were first reported by Arnold (1906) and Dall (1909), who recognized
their Oligocene affinities. Weaver (1912) first named the Blakeley For-
mation, based on exposures on Restoration Point, and described its mol-
luscan fauna. Weaver referred a number of other rock units in western
Washington to his “Blakeley beds,” based on faunal rather than lithological
similarities.

Arnold and Hannibal (1913) renamed the type Blakeley Forma-
tion of Weaver (1912) the “Seattle Formation” (a name that has since
been abandoned), and referred Weaver’s lower Blakeley beds to the San
Lorenzo Formation, which crops out near Santa Cruz, California. In all,
they recognized four Oligocene “formations” in the Pacific Northwest
(from youngest to oldest): Sooke, San Lorenzo, Seattle, and Twin Rivers
(Fig. 2). It is clear that these terms represent their idea of faunal stages,
not lithologic units, since they are not in lithostratigraphic sequence in
any sedimentary basin, and two of the units come from outside Washing-
ton (the San Lorenzo is in California, and the Sooke is in British Colum-
bia).

Weaver (1916a, 1916b, 1916c, 1916d) published a series of pa-
pers that documented the Blakeley Formation in greater detail, although
it is clear that he (like Arnold and Hannibal, 1913) was still using the term
“Blakeley beds” as a faunal, rather than a lithologic, term. As reviewed
by Fulmer (1975), a number of subsequent authors described additional
fossils from the Blakeley Formation, usually regarding it as upper Oli-
gocene. Weaver (1937) provided a complete summary of the
lithostratigraphy of the Blakeley Formation, redefining it in terms of
lithology rather than fossils. In the Weaver Committee report (Weaver et
al., 1944), the Blakeley formally became part of the standard Pacific
Northwest biostratigraphic terminology as the uppermost of their three-
fold division of the Oligocene into “Keasey,” “Lincoln” and “Blakeley”
stages (Fig. 2). By doing this, the Weaver Committee implied that the
Blakeley Formation was late Oligocene in age, and younger than some or

FIGURE 1. Index maps showing location of: A, Blakeley Formation on
Restoration Point, and other localities mentioned in this paper. B, Detail of
the paleomagnetic sampling localities and formational contacts.



316

all of the Lincoln Creek Formation. Durham (1944) proposed seven
megafaunal zones for the Oligocene of northwestern Washington, and
based his “Echinophoria” (now Liracassis—see Moore, 1984) rex zone
on fossils from the Blakeley Formation. Further exposures of the Blakeley
Formation occur at Alki Point, Seattle, directly west of Restoration
Point across Puget Sound, and in a number of road and railway line cuts
in Seattle and Bellevue (Fig. 1). These have been correlated by map
relationships, lithology, and molluscan fossil assemblages.

Fulmer (1975) provided an update and review of the
lithostratigraphy of the Blakeley Formation, and recognized two mem-
bers. He described the lower Orchard Point Member as composed of
coarse clastic sediments interbedded with minor fine-grained sandstone
and siltstone, 850 m (2600 feet) in thickness. Fulmer’s (1975) upper
unit, the Restoration Point Member, is composed mostly of fine-grained
sandstone, siltstone, and shale with minor pebbly sandstone, and reaches
up to 1500 m (4500 feet) in thickness. Overlying the Restoration Point
Member are nonmarine beds that Fulmer (1975) named the Blakely
Harbor Formation, a unit that reaches up to 1100 m (3400 feet) in
thickness. Fulmer (1975) also documented the benthic foraminiferal fau-
nas of each of the marine units, and regarded the Orchard Point Member
as Refugian and the Restoration Point Member as Zemorrian in age.

Since Fulmer’s (1975) work, little has been done on the Blakeley Forma-
tion or the chronostratigraphy of the Blakeley Stage. Armentrout (1973,
1975) documented the biostratigraphy of the “Echinophoria” (=
Liracassis) rex and “Echinophoria” (= Liracassis) apta zones in the
Lincoln Creek Formation of the southern Olympics and Grays Harbor
Basin, more than 80 km southwest of Bainbridge Island. In their correla-
tion chart, Armentrout et al. (1983) concluded that the Orchard Point
Member spanned most of the early Oligocene, and the Restoration Point
Member spanned most of the late Oligocene (Fig. 2).

Subsequently, a large collection of macrofossils has been assembled
in the Burke Museum, University of Washington (UWBM). Contrary to
Fulmer’s (1975) descriptions, the macrofossil taxon list is the same from
both the Orchard Point and Restoration Point members, and from the
Alki Point outcrops, and all of the species are from the Liracassis rex
zone. The Blakeley Formation on Bainbridge Island, the Kitsap Penin-
sula, and in Seattle strike approximately east-west and have dips from
60oN to more than 90o (Fig. 1). Sedimentological reassessment of the
entire Blakeley Formation indicates that this thick sequence of turbidites
consists of both proximal and distal parts of a submarine fan that devel-
oped both close to the shoreline and to explosive ancestral Cascade
volcanoes (Nesbitt and Bourgeois, in prep.). The recently recognized
Seattle Fault Zone has been mapped along strike across the entire Blakeley
Formation and the leading edge of the hanging wall consists of Blakeley
and Blakely Harbor Formation (Blakely et al., 2000, and references
therein). A zircon fission-track age from Orchard Point Member of the
Blakeley Formation indicates that this section is younger than 31.6 ± 2.1
Ma.  A thin tephra layer near the base of the Blakeley Harbor Formation
provided a zircon fission-track age of 13.3 ± Ma (Sherrod et al., 2002).

The development of magnetic stratigraphy provides a new op-
portunity to reassess the age of the Blakeley Formation, and date it more
precisely. In the Canyon River section of the Lincoln Creek Formation,
Prothero and Armentrout (1985) showed that the Liracassis rex zone
spanned magnetic Chrons C10n-C12r (23.5-32.5 Ma on the time scale of
Berggren et al., 1995), so it is early, not late Oligocene, in age. Thus,
magnetic polarity stratigraphy on the type Liracassis rex zone in the
Restoration Point Member of the Blakeley Formation might help resolve
its age.

For vertebrate paleontologists, the age of the Blakeley Stage is
very important. Many important marine mammal fossils (especially
whales and desmostylians) have been recovered from late Oligocene
“Blakeley” units such as the Pysht and Lincoln Creek formations of
Washington and the Sooke Formation of British Columbia. Resolving the
precise age of these fossils will help in understanding their relationships
and evolution.

The paleomagnetism of these rocks is also interesting because
many of the Eocene and Oligocene rocks of western Oregon and Wash-
ington show significant clockwise tectonic rotations (Simpson and Cox
1977; Beck and Plumley 1980; Magill et al., 1981; Wells and Coe 1985;
Wells and Heller 1988; Wells 1990). However, the data from the northern
Olympic Peninsula-Puget Sound region are very sparse. Until recently,
only Beck and Engebretson’s (1982) study of Eocene basalts from the
Port Ludlow and Bremerton area have been fully published. Purdy et al.
(1986) mentioned paleomagnetic results from the Blakeley Formation in
an abstract, but the supporting data have never been published. Thus,
the paleomagnetic declination of the Blakeley Formation could be of
great interest to the rotational models now under discussion.

METHODS

In the spring of 1999, we took oriented block samples from the
low-tide exposures on Restoration Point, following the map and strati-
graphic columns of Fulmer (1975). Seventeen sites (3 samples per site)
were taken, spanning the upper 650 m (2000 feet) of the unit, which are
only continuous and densely fossiliferous exposures available. In the
laboratory, each sample was cored using an air-cooled drill press, and

FIGURE 2. Chart showing previous concepts of correlation of the “Blakeley
Stage” and Oligocene of the Pacific Northwest, from the early terminology
of Arnold and Hannibal (1913) to the Weaver et al. (1944) report, to that
of Armentrout (1975). Shaded bars on the right column show our current
understanding of the temporal duration of these formations and their included
faunas. The Sooke Formation, rather than being earliest Oligocene, as
thought by Arnold and Hannibal (1913), is latest Oligocene (Prothero et al.
in press). The Blakeley Formation, rather than spanning most of the middle
and late Oligocene, as thought by all previous authors, spans only a short
period of time across the Oligocene-Miocene boundary (this study). The
type Pillarian in the Clallam Formation, once thought to be earliest Miocene,
is now latest Oligocene (Prothero and Burns 2001). The Pysht Formation
does indeed span much of the late Oligocene (Prothero et al. 2001a), and
the Keasey Formation the late Eocene and early Oligocene (Prothero and
Hankins 2000), as thought by previous workers. However, the Lincoln
Creek Formation spans almost the entire late Eocene, Oligocene, and early
Miocene (Prothero and Armentrout 1975), not just the early Oligocene,
and the type San Lorenzo Formation north of Santa Cruz, California, spans
a similar portion of the Eocene, Oligocene and Miocene (Prothero et al.
2001b), not just the late early Oligocene.
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analyzed on a 2G cryogenic magnetometer with an automatic sample
changer at the California Institute of Technology. After measurement of
NRM (natural remanent magnetization), each sample was AF (alternat-
ing field) demagnetized at 2.5, 5.0, and 10.0 mT. This helps determine the
coercivity spectrum of each sample, and demagnetizes multi-domain
grains before they are heated, and their remanence locked in. After AF
demagnetization, each sample was then thermally demagnetized from
200 to 600°C to remove chemical remanent overprints due to goethite or
other iron hydroxides, and to see how the sample behaved as it ap-
proached and passed the Curie temperature of magnetite (580°C).

RESULTS

Orthogonal demagnetization (“Zijderveld”) plots of representa-
tive samples are shown in Figure 3. In most samples (Figs. 3A-C), there
was a significant response to AF demagnetization, suggesting that the
remanence is held by a low-coercivity mineral such as magnetite. In some
samples (Fig. 3D), however, a high-coercivity mineral phase that resists
AF demagnetization is also present. The large decrease in intensity after
the first thermal step suggests that this phase might be a chemical rema-
nence held in goethite or other iron hydroxides, which dehydrates at

FIGURE 3. Orthogonal demagnetization plots of representative samples from the Blakeley Formation. Solid squares indicate horizontal component; open
squares indicate vertical component. AF = alternating field step (in tens of mT); TT = thermal step (°C). Each division = 10-5 emu. All four samples have
a single component of normal polarity, held mainly in magnetite, and rotated to the northeast.
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200°C. The presence of magnetite is also suggested by the fact that the
sample is almost completely demagnetized once the blocking tempera-
ture of that mineral has been reached (above 580°C). Fulmer (1975) did
heavy mineral separations and thin section analyses of numerous Blakeley
samples, and found both magnetite and ilmenite (derived from the basal-
tic clastic debris) to be significant components of the heavy minerals.

The stable vector of each sample was calculated using the least
squares method of Kirschvink (1980) and averaged using Fisher (1953)
statistics (Table 1). Sites were then ranked according to the system of
Opdyke et al. (1977). Fifteen of the sites (Fig. 4) were Class I (statisti-
cally separated from a random distribution at the 95% confidence level.
There was one Class II site (one sample missing so site statistics could
not be calculated), and one Class III site (two samples show a clear
polarity preference, but one was divergent). All but one site (site 6) carry
a single component of normal polarity, as shown by their north and
down vector components after dip correction, which were apparent at
NRM, and did not change through demagnetization.

The dip-corrected mean direction for the 16 normal sites was D =
70.4, I = 38.5, k = 27.1, 95 = 6.1; the mean for the one reversed site was
D = 270.2, I = -79.5, k = 34.1, 95 = 21.5 (n = 3). These values are
antipodal within error estimates, giving a positive reversal test for stabil-
ity. This suggests that the direction is a primary or characteristic rema-
nence, and most of the overprinting has been removed. In addition, the
dips were very steep (mostly in the range of 70-80°), so it was easy to
recognize any modern normal overprints in the uncorrected directions,
and exclude it from the analysis.

DISCUSSION

The magnetic polarity pattern of the upper Restoration Point
Member is shown in Figure 4. As is apparent from this figure, the entire
formation shows a northwest and down direction (normal polarity ro-
tated clockwise), except for site 6.

Oligocene molluscan stages in Washington and Oregon have long
been based on the apparent evolutionary lineage of the cassid gastropod
taxa Galeodea-Echinophora-Liracassis (Durham 1944; Armentrout 1975;
Moore 1984). However, these fossils can be difficult to interpret and
diagnose to species, so a correlation based on this single taxon might be
subject to question. In both the Pysht Formation and the Blakeley For-
mation, Liracassis rex and L. apta overlap and cannot be reliable strati-
graphic markers (unpublished data in the UWBM). The Blakeley fauna
contains a number of other molluscan taxa that are typical of the L. rex
zone in the Lincoln Creek Formation. These include the bivalve Acila
(Truncacila) pugetensis and the gastropods, Bruclarkia thor, Neptunia

TABLE 1. Paleomagnetic data from the Blakeley Formation, Restoration
Point, Washington. Site numbers as in Figure 4. N: number of samples per
site; D, I, declination, inclination; k, 95, precision parameters.

FIGURE 4. Lithostratigraphy, biostratigraphy, and magnetic stratigraphy
of the Restoration Point Member of the Blakelely Formation (after Fulmer,
1975). Solid circles indicate Class I sites (Opdyke et al., 1977), which are
statistically distinct from a random distribution at the 95% confidence
level; open squares are Class II sites, in which one sample was missing or
rejected, so statistics could not be calculated; open circles are Class III sites,
where one site was divergent, but the other two gave a clear indication of
polarity.

landesi, Priscofusus stewarti, Turrinosyrinx borgenae and Turritella
blakeleyensis. Besides both Liracassis rex and L. apta, the following
molluscan taxa occur in the Restoration Point strata of the Blakeley
Formation as well as in both the L. rex and L. apta Zones of the Lincoln
Creek Formations: the bivalves Acesta twinensis, Macoma lorenzoensis
arnoldi, and Yoldia blakeleyensis, and the gastropods Amauropsis
blakeleyensis, Argobuccinum goodspeedi, Bathybembix washingtoniana,
Marginella shepardae, Miopliona weaveri, and Neptunia teglandi (Tegland,
1931; Durham, 1944: Armentrout, 1973; unpublished data in the UWBM).

Correlations based on molluscan biostratigraphy places the
Blakeley Formation within both the Matlockian and Juanian Stages (Fig.
2) of Armentrout (1975) that spans the entire Oligocene epoch (Prothero
and Armentrout, 1985). Thus, the more we have learned about the mol-
luscan biostratigraphy, the less reliable it has become as a temporal guide.
Most of the mollusks are long ranging, so they could indicate almost any
time within the middle or late Oligocene.

Fulmer (1975) suggested that the benthic foraminiferal fauna of
the Blakeley Formation is late Zemorrian in age, and thus the formation
is late Oligocene, as had been traditionally thought. Reanalysis of the
benthic foraminifera faunal assemblage indicates that the Restoration
Point Member of the Blakeley Formation is latest Zemorrian and early
Saucesian in age. The following taxa that are abundant throughout the
Restoration Point section are Zemorrian index species for the Pacific
Northwest or have their lowest occurrence in the Zemorrian: Cibicides
elmaensis, Epionides mansfieldi var. oregonensis, Gyroidina healdi and
Plectofrondicularia californica. In addition, the following taxa are
Saucesian and younger in age: Bolivina marginata adelaidana, Bulimina
alligata, Cyclammina incisa, Islandiella modeloensis, Gyroidina orbularis
planata, Plectofrondicularia miocenica directa, Uvigerinells obesa var.
impolita and Valvulinaria aurcana (Rau, 1966, 1981; McDougall, 1980,
1983; Finger, 1992).

 Paleomagnetic stratigraphy of the type sections of the Zemorrian
and Saucesian stages demonstrated that the formations are discontinu-
ous, unconformities are difficult to discern in outcrop, and both cover
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much shorter time spans than previously expected. The type section of
the Zemorrian Stage, in Zemorra Creek (Temblor Range, central Coast
Ranges of California) is short and incomplete, covering the time periods
23.7-24.7 Ma and 32.0-33.0 Ma (Prothero and Resseguie, 2001). The
type Saucesian in the Rincon Shale (Ventura County, California) simi-
larly spans only 1.0 to 1.5 million years at either 22.2-23.2 Ma, or at
20.0-21.5 Ma (Prothero and Rapp, 2001). Thus, the late Zemorrian
overlaps with the basal Saucesian (see Prothero, 2001), and both span
the Oligocene-Miocene boundary. From this evidence, it is apparent that
the age of the Restoration Point Member of the Blakeley Formation can
be restricted to within a narrow time period spanning the Oligocene-
Miocene boundary, from Chron C6Cn2n to C6Cn3n (23.7-24.2 Ma)
(Fig. 5).

Contrary to the longstanding belief that the Blakeley Stage spanned
most of the late Oligocene, and was younger than the “Lincoln Stage” of
Weaver et al. (1944), it is now clear that the “Blakeley Stage” spans only
a small part of the latest Oligocene-earliest Miocene, and is equivalent in
age to a short interval within the uppermost Lincoln Creek Formation
(Figs. 2, 5). Similarly, the Sooke Formation (Prothero et al., in press) in
southern Vancouver Island, B.C., spans a very short interval of latest
Oligocene Chron C6Cr (24.2-24.8 Ma). The Clallam Formation, on the
northern shore of the Olympic Peninsula, spans Chrons C6Cn3n-C6Cn2,
or 23.8-24.2 Ma (Prothero and Burns 2001), which is also latest Oli-
gocene, just slightly younger than our correlation of the Blakeley Forma-
tion (Fig. 2). The alleged chronological sequence of molluscan faunas of
the Sooke, San Lorenzo, Seattle (= Blakeley Formation), and Twin Riv-
ers (=Pysht and Clallam Formations) suggested by Arnold and Hannibal
(1913) has now been radically revised (Fig. 2). The Sooke Formation is

latest Oligocene (24.2-24.8 Ma), not early Oligocene (Prothero et al., in
press), and the “Seattle” (= Blakeley) Formation is latest Oligocene-
early Miocene, while the “Twin Rivers” (Pysht and Clallam formations)
span most of the Oligocene (Prothero et al., 2001a; Prothero and Burns,
2001), as does the type San Lorenzo Formation in California (Prothero
et al., 2001b).

As Figure 5 shows, the redating of the Blakeley, Clallam, Pysht,
and Sooke formations shows that there was a widespread episode of
subsidence and deep-water deposition during the latest Oligocene and
earliest Miocene all around the northern border of the Olympic Penin-
sula. Except for the shallow-marine sandstones of the Sooke Formation,
all of the rest of these deposits are largely deep-marine turbidites, sug-
gesting that a deep basin had subsided rapidly as the Oligocene ended.

The other unexpected implication of this 650-meter-thick zone of
mostly normal polarity is that the entire type section of the Blakeley
Stage spans a very short period of time (less than a million years, based
on correlations suggested above), so the rates of sedimentation in this
section must have been high. This is not surprising, however, since it is
composed largely of turbidites, which can accumulate thick sequences of
rock in very short periods of time.

The inclination of 38.5° gives a paleolatitude of 22°, which is
about 9° south of the present latitude of 47.5°. However, the error
estimates are large, so the apparent northward translation may not be as
large as this result initially suggests. In addition, Kodama and Davi (1995)
have shown that inclination flattening might be a significant problem in
rocks like these. This would give apparently shallower paleolatitudes
than is really the case.

The declination of 70° suggests a clockwise tectonic rotation of 80
± 5° by comparison to the Oligocene cratonic pole (Diehl et al., 1983)
after correcting the error estimates for inclination (Demarest, 1983).
Previous to our recent work, the only pre-Miocene paleomagnetic rota-
tion estimates in the northern Olympics and Puget Sound region came
from some altered Eocene basalts in the Bremerton and Port Townsend
area (Beck and Engebretson, 1982). These showed widely scattered di-
rections (Fig. 6), with some showing directions with due east and due
west declinations. Only AF demagnetization was used, and no thermal
demagnetization was employed, which might explain some of the scatter
in their data. Beck and Engebretson (1982) reported an average rotation
of 4-7° ± 24° for these rocks, but the wide scatter of their data is clearly
shown in their Figure 5. However, it turns out that the Bremerton basalts
(the outcrops nearest the Blakeley Formation) show between 10 and
22.5 ± 24° of clockwise rotation (Beck and Engebretson, 1982, table 2),
while the Port Townsend basalts much farther north show between 4 and
16 ± 62° of counterclockwise rotation. Averaging these two results, they
obtained almost no net rotation. But these results could also be inter-
preted as separate rotations on two different blocks, with the result
closest to our study (Bremerton basalts) most consistent with our result.
On this basis, Beck and Engebretson (1982) suggested that the prelimi-
nary paleomagnetic data from around the Olympic Peninsula supported
the notion that the region has undergone post-Eocene oroclinal bending.

Purdy et al. (1986) reported a clockwise rotation of 46.0 ± 16.1°
for some Blakeley samples, but this was mentioned only in an abstract,
without any supporting data to permit further analysis. Given the large
error estimates on their data, their rotations could be as much as 62.1°,
while ours could be as low as 75° with the lower limits of our error
estimates, so the differences may not be as great as they first appear to
be.

In addition, numerous studies (Wells and Coe, 1985; Hagstrum et
al., 1999; Prothero et al., 2001c) have found that rotations in this region
can be highly variable from one tectonic block to another (Table 2). For
example, Wells and Coe (1985) reported rotations as great as 65° from
Domain 7 of the lower Eocene Crescent volcanics in southwestern Wash-
ington, with much smaller (but highly variable) rotations on each of the
other domains in a small geographic region. Prothero et al. (2001c) found
rotations as low as 55° and as high as 103° on various outcrops of the

FIGURE 5. Correlation of the Restoration Point Member of the Blakeley
Formation to the magnetic polarity time scale (Berggren et al. 1995), and
to the magnetostratigraphy of the Lincoln Creek Formation at Canyon
River (after Prothero and Armentrout 1985), the Clallam Formation (after
Prothero and Burns 2001), and the Pysht Formation (after Prothero et al.
2001b).
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middle Eocene Cowlitz Formation, unconformably overlying these Cres-
cent volcanics in the same region of southwestern Washington (Table 2).
Thus, the degree of clockwise rotation can vary markedly over short
geographic distances in this highly complex region, but all these studies
consistently show some significant clockwise rotation.

Our data from the Blakeley Formation, plus the 49 ± 6° clockwise
rotation obtained from the upper Oligocene Pysht Formation and the 46
± 15° from the overlying Clallam Formation on the north flank of the
Olympics (Prothero et al., 2001a; Prothero and Burns, 2001), seem to
support a model of pre-Miocene clockwise rotation in the Olympics,
rather than a model of oroclinal bending suggested by the counterclock-
wise rotations of the Port Townsend basalts. Further analysis of the
paleomagnetism of the Sooke Formation (Prothero et al., in press), plus
other Eocene and Oligocene rocks in the area, will test this hypothesis
further.

FIGURE 6. Map showing location of previously reported pre-Miocene
tectonic rotations in coastal Oregon and Washington, with the results of the
present study for comparison. Shaded sectors with tick marks indicate
tectonic rotation in degrees and 95 per confidence limits around the mean
(tick mark). Detailed data for each study given in Table 2.

TABLE 2. Comparison of paleomagnetic rotations in Oregon and
Washington.

CONCLUSIONS

The Restoration Point Member of the Blakeley Formation has
long been regarded as late Oligocene, and was the basis for the late
Oligocene “Blakeley Stage” of the Weaver Committee (Weaver et al.,
1944) and the “Echinophoria” (= Liracassis) rex zone of Durham (1944).
Our paleomagnetic and biostratigraphic data, however, show that the
type section of the “Blakeley Stage” correlates with Chron C6Cn2n to
C6Cn3n (23.7-24.2 Ma), or latest Oligocene-earliest Miocene.

The paleomagnetic data in the Blakeley Formation suggest a clock-
wise tectonic rotation of 80 ± 5°, which is consistent with recent results
from the Oligocene Pysht and Clallam formations on the north flank of
the Olympics, and with the clockwise rotation of the Bremerton basalts
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reported by Beck and Engebretson (1982). Our data suggest that the
Olympics have undergone the same pre-Miocene clockwise rotation and
dextral shear seen farther south in coastal Oregon and Washington.
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