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Abstract

Reconstnrtion of tectonic events of cenual Washington prior to about 50 mybp is tenuous. The
eariy Eocene Swauk Formation may have been deposired afrer a priod of recroniC quiesceace. BoId-
ing of Swar* on E-If ares between 51,47 mybp cannor be readily correlated with presurned plate
motions. C-oeval emplacement (at 47-48 mybp) of two tensional dike swarms (Teanaway- aod
Corballey Canyon,, of conrrasring lirhologies aod exrensional direcrions. presenrs a recrooic piradox
that is not easily solved. The paradox may be resotved by assuming sufficient right-latetai strike-
slip motioo on the east bounding fault of the Chiwaulum Araben (the Eotiat fiult) so that the
coutrterpart of the Teanaway dikes lies somewhere sourheast below the Columbia Plateau. Two
models for development of the Chiwaukum graben from about 46 to 40 mybp by suike-slip
motioo are possible. The Iirst requires a wedle-shapd gtaben; this is the "ball--beaiing mode'l
tIEt recorciles the Chiwaukum gmben with documented clockwise rotation of Eocene rocks that
lie to the west. A preferred model for tbe gtaben is as a rhombochasm ("pull,apart' structure),
such as has beco proposed for Tertiary basins of California. By this model, a primary kink in a
srrike-slip faL t ogns into a diamond shaped depression during active movement. The exposed
Chiwaukum graben is thus interpreted as the northern end of a rhombmhasm that projects beneath
the Columbia Plateau. C-essation of graben activity at about 40 mybp agrees with the end of
Iaramide deformation over westero North America, and it is correlated wirh global reotganizatiod
ol plate motions. A period of tectonic and magmatic quiesccoce from 40-)4 irybp correlates with
devclopment of a major erosion surfa.e over wesrern Norrh America during plare rmrganizzrion.
Defotmation of the !{.enatchee Formation during )4-29 myhp marks rhe oniet of renewld techon-
ism and magmatism as subduction was initiated in the Pacific Notthwest- Deformation of the south-
ern pan of the Cbiwaukum graben by right-laterai shearing and associated emplacemenr of the
Horse lake Mounrain complex may be relatcd to the initiatioo of strike-slip motion elsewhere along
the Pacific margin a! rhe sprcading center between the Farallon and Pacific plates encountered a
suMuction zone ar the continentat 

-margin. 
Ermional stripping of the \fenatchee lormation in the

region now occupied by the Cascade Range o,ccurred before deposition of the Columbia River Basalr
Group in Mioceoe time and may mark the beginning of the ancestral Cascades.

lnlroduclion

Catlsoq (1976) correlated Cenozoic plate mo'tions with the geolog,. of the continental
margin of the Pa.cific Northwest (Coast Range and Pugsr-lfi[amette Lowlaod) and
the Cascade Range of \Tashington-Oregon. The sumrnary of geologic history presented
in Pan I ( Gresens 1982) supplemeots the coffelarion of plate motion wirh the geology
o{ the central Cascade Range of \frashingto,n.

Plale Tectonic lmplications

Early Eocene

The lateritic lxleorl present at the bas€ of the Swauk Formation and the probable
widespread occurrence of the unit suggesr rhar it may have beeo deposited on an
erosion sufface developd during a time of te{tonic aod magmatic quiescence. It is
difficult to atrernpr correlarion with plate morioos because rhe age of rhe presumed
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erooion suiface is oot well documented, lying between 88 my (age of the Mt" Stuaft
graoodiorite; Engels and Crowder 1!71) aod somewhat less than the 51 my age of
upper Swauk Formation (Tabor ard Frizzell !977)- Erickson (1976) used fissioo-
tfack appalent ages aod annealitrg temp€iatures of aparite to, suggest that the Mt. Stuart
batholith was uplifted and uor@fed at 55 -+ 6 mybp. This date could feflect the ooset
of renewed tectonism after a period of crustal stability, but considerable uncerta,inty
remains.

East-vsest fold axes, suggestive of N-S comlxession, pre-date Teanaway Basalt and
therefore were formed in the itrterval ol allort 5l-47 mybp (Gresens I9j9, EwirLg
1980). This compressive direction does not fit well into a plate tecto,nic model. Duriag
the Cretaceous and into the early Tettiary, the Kula plate was moving lofthwald with
respect to the Parific plate (Hayes and Pitmao 1970) as the Pacific plate itself was
moving northward relative to a presumably fixed "hot-spoC' (Clague and Jaratd 1973).
Interaction of either plate with North America could produce N-S conpression and
E-V fold axes. Howwer, North America, moving relatively westward, was presumably
interacting with the Farallon plate mwing relatively eastward (Atwater 1979, Hayes
aod Pitman 1979); these mo,vements should have produced N-S fold axes. It is possible
that this area was involved in crustal rotation, as observed for Eocene rocks to the wEst
ard southwest ( Simpson and C-px 1977, Beck 1976), so that they no longer reflect the
true direction of tectonic stresses during eady Eocene folding

fumstong (1978), Vance (1979), arLd, Ewing (1!80) zuggested that a broad
NV-SE subduction-related magmatic arc, the Challis arcJ was active in early and middle
Eocene time in British Columbia, ITashington, central Oregon, Idahq Montao4 and
Vyoming. Much of the igneous activity of the Chiwaukum graben area, including the
Teanaway Basalt and the Corbaley Canyon dike swarm, would be included in Challis
volcanism. Defioition of the magmatic arc is based on regional plors of occuJfeaces
of plutonic or volcanic ro€ks atrd their ages. Failure to examine the teconic serting
and the tectonic implications of the petrology of individual occ,ulrences leads to over-
simplification in brcad overviews of this rype. For examplg the Cotbaley Canyon ten-
sional bimodal dike swarm is better explaioed by deep crustal rifting than by a sub-
duction mechanism.

Ewing (i980) anempted to explain E-If fold axes io the Swauk Formation and the
NE treod of the tensional Teanaway dikes by a siogle stress regime having a principal
stress direcioo oriented slightly easr of north. The change from north-south compres-
sion to \r(t{W-ESE extensioo was presumed to rcflect an exchange of the iotermediate
aod least principal stresses at about 47 mybp. But such an exchange sho,uld produc€
NN\Z dextral or NNE sinisual strike-slip faultg not the extensiooal rifting iodicated
by the Teanaway dikes. Clearly, much work remains before a defiqitive correlatio[ be-
tween eady Eocene plate motions aod igneo,us and tectonic events is possible for this
regioo.

Middle Eocene
The Chiwaukum gmben became active immediarely after or during the close of the
eady Eocene events. Geologists familiar vrith the pacific Northwest have long speculated
informally on the possibiliry of suike-slip morio,n on the Entiat fault, and the suggestion
was receffly formalized (Gresens 1979, Ewing 1!80). There is no evidence that the
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fault existed prior to about 45 mybp Features suggestive of strike-srlip movemetrt io-
clude (1) the liqearity of rhe fault, (2) the failure of the Jutassic ultra.mafic rccks to
appear ea$ of the Chiwaukum glaber\ and (l) the failure of the NE-rending Teaa-
away dike swarm to appear easr of the Chiwaukum glaben. Ewing (1980) coosidered
the Entiat to be gart of a netvrork of sttike-slip faults that were active in the Xocene.

The nevr radiomeric dates obtaioed duriag this investigation enphasize aoother
geologic incompatibility across the Eoriat fault. The Teanaway and Corbaley Caoyoa
dike swarms are essentially coeval. Yet they represent markedly differenr compositiotrs
and crustal extension in directioos nearly 90o a1mrt, even though they are g€qgraphically
only 50 km apart. These observations present a f,undamental tectonic problem if they
are in rheir original positions wirh respect to each other. Two possibilities for the origin
of the graben, each calling for strike-slip motio,n on the Eutiat fault, are presented.

Model One-RotatiorL d.rd Strike-Jw Mol)ertent

Figure 1a shows the outline of the graben. There is a basic wedge shape, although the
irregulat kavenworth fault zone must be givelr a "best fir" Figure lc shows the sche-
matic development of the graben by a combination of stike-slip mqriotr and clockw.ise
fqtation. Although the wedge shape could be explained by rotation aloog restoration
of the fotation would make the Teanaway-C-orbaley paradox an even greater tecooic
problem (Fig. 1b).

Clockwise rotation of crustal rocks of Eocene age aloag the Oregon aod 
'Washingtoo

co.asts is well documented by paleomagnetic data (Beck 1976, Simpson and Cax 19j7,
Globeman 1979, Beck aod Burr 1979). It could be argued that rhele must be a tansi-
tior! either gradually wer a bfoad zooe or abruptly over a narrow zone, from the
marginal parr of the continent rhat is strongly affected by rotation i[to the stable con-
tioental interior that has not been rotated. The Entiat fault zone aqd the Chi*'auku!
graben could be an abrupt ffansitioml area. This model follows the "ball-bearing" model
for combined tight-lateral strike-slip motion and clockwise rotation as proposed by
Beck ( 1976).

Mo d el T u' o-Rb omb o c b asn.

The geometry of the Chiq/aukum graben also lends itself to intErpreratior:. as a rhom-
bochasm (Carey 1958), with the southern half coyered by the Columbia River Basalt
Gtoup (Fig. 1d). This model does not require a rotatiotral component, but merely
strike-slip motioo along a fault having ar origioal "kink." This is, for example, a
plausible model for the origin of late Cenozoic basins of Califomia, (.Crowell l)74).
The Chiwaukum graben has rhe correst geomany for this type of "pull-apart 

basin" as
defined by Crowell. The side bounded by strike-slip movement is straight (Entiat fault),
whereas the tensionally rifted "kink" boundary is itregular ( Leavenwo,rth fault).

Either of these models would explain the mismarch o{ geology across the Chiwaukum
graben and wquld alleviate the tectonic patadox posed by the coeval Teanaway and
Corbaley dike swarms; sufficieot separation by restoration of strike-slip mwement might
make separate stress regimes plausible. Either model would allow the gradual ope.niog
of a depression that could ultimately accommodate 5800 m of Chumstick sediment
The authqr prefers the second model, but either is possible. The models differ in terms
of the posibility of differential rotation across rhe $aben, but this rnay be tested by
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Figure 1. Possible odgins for_ the Chiwaukum gtaben. "T" and "C" on the diagraos indicate the
Teanaway and Cotbaley Canyon dike swarms, respecrively. -CRB" r;fers to Columbia
River Basalt group, .which covers rJle sourhern projecrion of the Chiwaukum gabeo.
Furthe! explanation in the texr.
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paleomagnedc work on the Tbanaway Basalt and Corbaley Canyon rocks. The required
paleornagnetic work is now in progress (M. Beck, peff. comm., 1979, 1980).

Late Eocene-Early Oligocene
The Chiwaukum graben became inactive at about 40 mybp, and a period of tectonic
quiescence ensued. This period coincides with the end of Laramide deformadon over
the entire western Cordiller4 rvhich is in turn correlated qith chaases in motion of
the North American and Pacific plates { Coney 1971, 197 2; Epis a;d Chapin 1975;
Gresens 1978, 1980) and probably with a global rmrganizatioo of plate motion during
the Eocene ( Rona and Richardson 1978; Gresens, in press).

Late Oligocene
Post-l4 mybp compression of the region rnust correlate with renewed reconism and
magmatism over much of the western Cordillera at about 35 mybp (Epis and Chapin
1975) and, more specifically, with the renewal of subduction in the Pacific Northwest
(Vance 1979). Compressive sffess was transmitted to the continenal incerior.

The spreading center between the Pacific plate and the Farallon Dlate encou{rtered
a subductioo zone ar rhe western margin of Norrh America ur abour 29 mybp (Arwater
1979), afi this initiated rightJateral strike-slip deformation at the continental margin
neat San Fraocisco. The passive emplacement of the 29 my Horse Lake Mountaio com-
plex is as,rcciated with right-lateral strike-slip motioo, aod it is suggested that this may
be a more northedy expression of renewed strike-slip motion on rhe No{th Americao
continent ( Gresens 1980). Central \Tashington is admittedly rather far from San
Fraocisco, but the timing and sense of motion coincide.

Concluding Rema*s
The part of the North American continental margin oow represented by the state of
Iflashington has a long history of right-lateral strike-slip faulting, including the late
Creataceous (Davis et al, 1978) as well as the middle Eoceoe and late Oligocene events
described above. These apporently are intersprsed with "conveotional,, continental
margin subduction and related igneous activity and with at least one period of tectonic
quiesceoce. The writer appreciates that correlations may be revised as new data become
available. However, any regiooal tectonic synthesis must take into account the factual
chrooology of g<rlogic events presented io Part I of this paper.
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