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Figure 1. Location and tectonic map of Pacific Northwest (modified
from Wilson and Cox, 1980). Tectonic grain marked by trend lines in
Klamath Mountains and elsewhere.
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ABSTRACT

Regional gravity data clearly show a zone of southwest-north-
east lineations across Oregon that defines a major crustal lineament.
Its existence is supported by geologic and geophysical data. Its
correlation with the northwestern boundaries of the Klamath and
Blue Mountain provinces suggests that these are continuous beneath
the Cascade volcanic arc. The lineament may represent a pre-
Tertiary strike-slip continental margin which, frem paleomagnetic
evidence, laier rotated clockwise into its present position.

INTRODUCTION

One of the major tectonic elements of the Pacific Northwest is the
“Columbia embayment” (Fig. 1). First proposed in the “orocline” con-
cept of Carev (1958), it was developed further by Hamilton and Myers
(1966), who suggested that northwestern Oregon and southwestern
Washington were built upon post-Mesozoic ocean crust. The boundaries
of the embayment thus represented preexisting continental margins. Ham-
ilton and Myers considered that preliminary paleomagnetic evidence
for rotations (Irving, 1964; Watkins, 1965) supported Carey’s concept.
Hamilton (1969) further proposed that the arcuate shape was produced
by a westward bend of the previously continuous continental margin as
the result of 13asin and Range extension. The bending process required
extension between the Blue Mountain, Klamath, and Sierra Nevada
blocks. The concept of the embayment has subsequently been supported
by several lines of evidence and is now widely accepted (e.g., Dickinson,
1976; Davis =t al., 1978).

Geologically, the nature of the southeastern flank of the embayment
is dependent upon continuity between the pre-Tertiary and Mesozoic
accreted rocks of the Klamath and Blue Mountain regions. Peck et al.
(1964) considered that these rocks were continuous beneath the younger
Cascade volcanics and identified northeast-trending structures in the Eo-
cene rocks which reflected this structural grain.

Skeehar. (1965) and Taubeneck (1966, 1967) identified the Blue
Mountain Front as a line of contrast between oceanic crustal basement
(to the northwest) and continental crustal basement (to the southeast).
Close correlation between the late Paleozoic and Mesozoic rocks of the
Klamath and Blue mountains is now accepted (e.g., Davis et al., 1978;
Heitanen, 1981), although detailed interpretation of their accretionary
history is actively debated (e.g., Saleeby, 1983; Davis et al., 1978; Beck,
1980; Frei et al., 1984). The continuity of these rocks beneath the south-
ern Cascades and part of the Columbia Plateau basalts remains un-
proven. As noted above, the reconstruction of Hamilton (1969) requires
that they are rifted apart and not connected.

The northeastern margin of the embayment (coinciding with the
Olympic-Wallowa geomorphic lineament of Raisz, 1945) is neither a
striking regional gravity nor magnetic feature. By contrast, the southeast-
ern flank coir.cides with a zone of gravity lineations (Fig. 2) which we
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ravity anomaly map of Pacific Northwest. Data from Finn et al, (1984) and Riddihough (1982). Arrows indicate KB (Klamath-

Biue Mountain lineament); L marks local anomalies referred to in text.

Figure 2. Bouguer g
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believe marks a fundamental crustal lineament. We refer to this linea-
ment as the Klamath-Blue Mountain lineament (KB). Geographically, it
coincides with the northwestern margins of both the Klamath and Blue
Mountain structural and geologic provinces.

GRAVITY EXPRESSION

A major feature of the Bouguer gravity anomaly field of the Pacific
Northwest (Fig. 2) is the north-south “high” that corresponds to the
Oregon-Washington Coast Range (Bromery and Snavely, 1964; Dehlin-
ger et al., 1968; Riddthough, 1979). Eastward, a north-south “low”
coincides with the Cascade Mountains (Couch et al., 1982; Finn and
Williams, 1983; Finn et al., 1984). East of this “low,” the two principal
regional features are a broad gravity “high” occupying the center of the
Columbia Plateau basalt province and a series of deep “lows” in south-
eastern Oregon corresponding to the northern part of the Basin and
Range province (Eaton et al., 1978). Forming a boundary for all the fea-
tures except the “low” associated with the Cascade Mountains is a 700-
km-long, northeast-trending zone of discontinuity (about 50 km wide)
that we interpret as marking the KB (see arrows, Fig. 2).

For much of its léngth, the zone is a linear gravity gradient of 40-60
mgal down to the southeast. It provides a striking termination to the
south end of the Coast Range gravity “high” and extends at least 50 km
onto the continental shelf south of Cape Blanco. Although the north-
south Cascade Mountain “low” is continuous across the gradient, there
are indications that the gradient itself is continuous across the “low,” and
this suggests the superposition of two separate features.

The gravity expression of part of the KB was first noted by Blank
(1966), who felt that data in southwestern Oregon supported the conten-
tion of Peck et al. (1964) that the Klamath “upwarp” continued north-
eastward into central Oregon. Thiruvathukal (1968) noted a series of
northeast-trending gravity features and concurred. However, Thiruvathu-
kal et al. (1970) concluded that “no obvious regional gravity trends con-
nect the two [Klamath and Blue Mountain] provinces.”

Eaton et al. (1978; see their Fig. 3-1) considered that the gravity
lineation marked part of the northwestern boundary of the Basin and
Range province. They noted that it separated areas of markedly different
average elevation and that it coincided with the crustal boundary of
Hamilton and Myers (1966). Recent filtered Bouguer gravity anomaly
maps (Hildenbrand et al., 1982) clearly show the lineation for wave-
lengths greater than 250 km, and it is also traceable on the residual maps
for wavelengths less than 250 and 1000 km. The feature is also evident
on the isostatic gravity maps of Simpson et al. (1983).

GEOPHYSICAL INTERPRETATIONS

Thiruvathukal (1968) interpreted the Bouguer gravity anomaly gra-
dient that coincides with the KB east of the Cascades as representing an
increase in crustal thickness from 35-40 km in the northwest to 40-45
km in the southeast. Cady (1980) and Cady and Fox (1984) modeled a
north-south section across the KB and noted that, depending upon the
density assumed for the Columbia Plateau Basalt Group, the gravity
gradient could be entirely explained by either a north-south change of
mantle depths from 27 to 35 km or from 31 to 35 km. However,
Thiruvathukal et al. (1970), Eaton et al. (1978), and Veen (1982) con-
cluded that the lower Bouguer gravity anomaly values of southeastern
Oregon could also be explained either by thin crust underlain by mantle
of reduced density or a regional compositional contrast related to Basin
and Range magmatic invasion and metamorphism. Eaton et al. (1978)
computed maximum depths to the causative bodies of the gravity gra-
dient and concluded that they lay within the crust (14 £5 km). Features
along the KB such as L in Figure 2 are indeed probably of shallow
origin; Thiruvathukal (1968) suggested that they were due to depressions
in the pre-Tertiary basement containing low-density sediments beneath
the surface Eocene volcanics.
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West of the Cascades, crustal thicknesses have been estimated from
gravity data as around 20 km beneath the Coast Range north of the KB
(Dehlinger et al., 1968; Couch and Braman, 1979; Riddihough, 1979)
and 32-35 kin beneath the Klamath Mountains (Griscom, 1980; Couch,
1980).

The electrical sounding and resistivity interpretations of Cantwell
and Orange (1965) indicated a region between northern Washington and
southern Ore;zon where the lack of resistive basement might be explica-
ble by underlying basaltic oceanic crust. A marked change in seismic P,
arrival times 'was observed by Hill (1972) at the northern edge of the
Blue Mountains and interpreted as either a contrast in crustal thickness
or composition. The profile of Leaver et al. (1984) along the axis of the
Oregon Cascades and across the KB showed a fairly uniform seismic ve-
locity structure with deepening depth to mantle (40-48 km) to the south.
Recent seismi: refraction data (Catchings et al., 1984) has been inter-
preted as showing crustal velocities at depths of as much as 40 km be-
neath the Columbia Plateau. This may imply either a reduced contrast in
crustal thickness across the KB or the existence of anomalous upper man-
tle beneath the plateau.

Gravity, seismic, and other geophysical interpretations, where they
have been applied, all seem to confirm that the KB represents a zone of
change, either of crustal thickness or composition or both. It may also
mark a discontinuity in the underlying mantle.

IMPLICATIONS

The implications of the existence of the KB for the tectonics of the
Pacific Northvrest are considerable. It could, of course, be an accidental
alignment of unrelated elements. However, if it represents some form of
boundary to the pre-Tertiary rocks of the Klamath and Blue mountains,
a number of questions arise: Why is it straight? What is the significance
of its orientation? Can it be reconciled with the recent reconstructions of
the region based on multiple block rotation (e.g., Magill and Cox, 1981;
Frei et al., 1984)?

The straightness of the lineament over a length of at least 700 km is
suggestive of a zone of major strike-slip faulting. Recent concepts of
Cordilleran assembly (e.g., Beck, 1980; Coney et al., 1980; Monger and
Irving, 1980; Jones et al., 1982) involve considerable strike-slip motion.
Several major fault systems of similar length have been identified in the
Cordillera (Davis et al., 1978), generally with a north through northwest
orientation.

So far as the orientation of the KB is concerned, paleomagnetic data
from both the [{lamath Mountains (Schultz and Levi, 1983; Fagin and
Gose, 1983) ard the Blue Mountains-Seven Devils areas (Wilson and
Cox, 1980; Hillhouse et al., 1982) suggest that since Late Jurassic—Early
Cretaceous tims, neither of these two provinces has moved latitudinally
by large amourits (less than 10° lat), but both have been rotated clock-
wise by at least 60°. It may thus be possible to propose that at the begin-
ning of the Cretaceous, the KB was oriented closer to north-south. The
Jurassic accretion and suturing of the arc rocks of the Klamaths and the
Blue Mountain; (Brooks, 1979) might therefore have taken place along
an essentially north-south continental margin, as envisaged by Hamilton
(1969).

Irving et al. (1980, 1985) and Beck et al. (1981) have interpreted
paleomagnetic data from sites in British Columbia and Washington as
showing that some Mesozoic plutons (including the Coast Plutonic
Complex) and the terranes with which they are associated (Wrangellia,
Stikinia) movec. northward “outboard” of the Klamath-Blue Mountains
region during tte Cretaceous. It thus seems possible that at least for this
period, the KB nay have formed a dextral strike-slip or obliquely con-
vergent margin to the North American plate, much as the Queen Char-
lotte-San Andreas fault system does today.
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